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Urban wastewater management is per-

ceived as a vast public effort. In Switzer-

land, we have accomplished the task by

investing more than 60 billion Swiss francs,

and the resulting infrastructure provides an

immense service to those 97% of the Swiss

population who have access. One might

think that all problems have been solved

and that we could tackle new challenges. 

Infrastructures grow old, become damaged

and fail to function; society evolves and

calls for innovation and often more; science

progresses and provides new insights; well

established concepts are further enhanced.

What serves us today, will be obsolete to-

morrow, must be adapted, improved and

further advanced.

This issue of the EAWAG news discusses

many aspects of urban wastewater man-

agement and presents them from a fresh

perspective. This raises various questions.

The answers may have large effects on the

existing system: Is it sensible to control

micropollutants and their effects on ecosys-

tems by fighting the symptoms? Wouldn’t

measures at the source be the better op-

tion? Are consumers both able and willing

to take greater responsibility in the future or

is the concept of decentralized sanitation

fantasy? Can we, in our federal state sys-

tem, further improve the institutional frame-

work, efficiency of decision-making, and

security of decision pathways? Or do we

have to rely more strongly on structures pro-

vided by the private sector? What are the

risks of a damaged drainage system? How

can we use our experience best to support

developing countries in their decisions and

progress? Etc.

Obviously, the drainage system that offers

us great convenience and that we all have

been enjoying for many years is far less sta-

tic than we tend to perceive it as consumers

and even as experts in the field. It is becom-

ing clear that in addition to the traditional

end-of-pipe solutions, processes in the

socio-economic sector are gaining in im-

portance today. We increasingly view urban

wastewater management as an integrated

system that, in addition to ecological and

technical standards, must meet socio-eco-

nomic criteria.

The required infrastructure must be vital and

evolve with society, thus creating an inter-

esting and fascinating field for study. What

we present here as innovative and ambi-

tious, will soon become routine, which then

again is to be amended and questioned. 

Urban wastewater management is in tran-

sition – and that is good!

Willi Gujer, member of the
EAWAG-directorate and
professor for urban water
management at ETH Zurich.
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Urban drainage is in transition from functioning simply as a trans-

port system to becoming an important element of water protec-

tion; however, this transition has been only partially successful

since certain properties of today’s sewage system represent in-

herent weaknesses. The cleaning efficiency of the sewage system

as a whole, for example, is limited due to significant dilution with

grey water and leaky sewage pipes. It is with this background 

that science is looking for ways to optimize existing structures

and develop alternative approaches bringing sustainable urban

drainage to a higher level.

The urban drainage system is one of the

major public works achievements in Switz-

erland of the last 100 years (Tab. 1 and

Fig. 1) [1, 2]. Over 95% of the Swiss popu-

lation is served by 40 000 km of sewage

pipes and countless other structures related

to sewage removal. With 18 billion ton kilo-

meters, the urban drainage system is one 

of the largest and most efficient transport

systems in the country. For comparison: the

entire volume of goods transported by rail

and on roads in 1997 amounted to 26.6 ton

kilometers. In a single year, Switzerland’s

964 sewage treatment plants process two

billion tons of sewage, producing 209 000

tons of sewage sludge [3], 250 000 tons of

carbon, 20 000 tons of nitrogen, and 4000

tons of phosphorus.

Disposal at the Push of a

Button has its Price

Far more important than the obvious perfor-

mance numbers are the hidden benefits of

these treatment plants:
� Public health: The ability to dispose of

feces and used water efficiently and in near-

ly unlimited quantities has practically elimi-

nated water-borne diseases in Switzerland.

If there is a rare outbreak, it usually can be

attributed to a problem in either the sewage

system or the wastewater treatment plant.

For example in 1998, the drinking water

supply of the community of La Neuveville

was contaminated due to a defective pump-

ing plant. Sewage leaked into the ground

water, which in this case was the commu-

nity’s source of drinking water. 

ago. There is hardly any other service that is

as simple and comfortable to use. All kinds

of liquid waste disappear within seconds

simply by pressing a lever or button. As far

as the consumer is concerned, the waste-

water system requires virtually no mainte-

nance, and unpleasant odors are a thing of

the past.

Such an accomplishment has, of course, 

its price. The replacement cost of the entire

urban drainage system in Switzerland is

approximately 60 billion CHF [4, 5]. This

corresponds to roughly 15% of the esti-

� Protection of infrastructure: Efficient drain-

age of rain water from urban areas reduces

the number of floods and associated dam-

age.
� Water protection: Thanks to the increased

number of wastewater treatment plants,

general water quality has improved dramat-

ically over the last 40 years. It has become

the exception that public beaches are

closed due to concerns over water quality.
� Comfort: Last, but not least, urban drain-

age offers in its prevalent form a level of

comfort that was unthinkable not too long

Pipes and open half-pipes made of fired clay for drainage of villages in the
Euphrates valley

Bathrooms, toilets and street sewers in the Indus civilization

Pipes for water supply, rain water storage and wastewater facilities in the
palace of Knossos

Expansion of the sewer system in Rome

Proposals for sewage treatment in London

Water closets (WC) in England und France

Drain fields for waste water

Severe cholera epidemic in London

Construction of the sewer system in London

First modern sewer system in Hamburg

Sewer system in Berlin

Typhoid epidemic in Zurich

Fisheries legislation in Switzerland with regulations on water protection

Biological wastewater treatment in England

First settling basin in Germany

First biological investigation of water pollution by waste water

First mechanical-biological treatment plant in Switzerland (St. Gallen)

Water Protection Law in Switzerland

Regulations on wastewater discharge in Switzerland enacted

5000–3000 B.C.

2500–1500 B.C.

2000 B.C.

300 B.C.

1591

1660

After 1760

1830

1840–1850

1848

1873

1884

1888

1892 

1895

Around 1908

1916

1971

1975

Tab. 1: Development of wastewater technology [after 1].

From Transport 
to Water Protection
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mated value of all civil engineering struc-

tures in Switzerland. The sewage system

represents approximately 80% of this value;

the wastewater treatment plants comprise

the balance. The total operational cost of

urban drainage, including annual deprecia-

tion, interest on financing and actual opera-

tion, amounts to approximately 3 billion

CHF. This amount represents a consider-

able 2.6% of the total income of the public

sector.

This large and valuable infrastructure must

remain organized and managed efficiently.

The consumer expects uninterrupted ser-

vice and a high level of quality at low costs.

Compared to the value of the infrastructure,

the organization of the urban drainage sys-

tem has several shortcomings. Necessary

organizational and planning processes are

often inadequate or non-existent, important

information for new investments is incom-

plete, and planning and control instruments

(e.g., clear performance standards, periodic

evaluations) are rarely in place. We must

provide managerial personnel of waste-

water treatment plants with simple and

practical tools to evaluate and optimize

organization and planning (see article by

S. Binggeli, p. 32).

Demand: Sustainable Urban

Drainage 

Urban drainage is a system that has evolved

over time. The original focus, to quickly and

efficiently remove waste water from urban

areas, has gradually shifted towards the

protection of water resources and, more

generally, the sustainable development of

society. We are realizing, however, that the

original purpose of the sewage system does

not agree – may even conflict – with these

new emphases.

Rain water: Because of capacity issues,

combined sewage systems (i.e., sewage

systems that have to transport both sewage

and rain water), have so-called combined

sewer overflow tanks. They initiate when 

the sewage system is approaching its ca-

pacity limit during rain events; rain water

containing some proportion of raw sewage

is released directly into surface waters.

Typically, 5–20% of the sewage by-passes

sewage treatment plants, significantly re-

ducing the overall efficiency of urban drain-

age systems. Additional structures that

temporarily store the mixed water, or possi-

bly even treat it, can relieve the treatment

plants and surface waters to some degree.

Such structures must be designed for large

volumes of water, but are not used during

dry weather or during low intensity rain

events (i.e., >97% of the time), and so are

relatively expensive. The project STORM

(see article by V. Krejci, p. 21) is developing

a practical and transparent process for

planning new technical solutions for rain-

water drainage and treatment and includes

consideration of local characteristics of

streams and lakes, potential uncertainties,

types of contamination, and a broad spec-

trum of potential remedial actions and their

cost efficiencies. 

Infiltration: An alternative to channeled

drainage of rain water is infiltration into the

soil. It has been shown repeatedly over the

last few years, however, that rain water is

not necessarily free of pollution. This is par-

ticularly true for rain water running off roofs

or roads. This source of contamination can

be considerable and poses an entirely new

technical challenge, since this type of cont-

amination is very different from that of do-

mestic waste water. Crucial parameters of

concern include the mass fluxes involved,

the dynamics of the pollutants, and the

Fig. 1: Historic development of urban drainage [adopted from 1].
A: The cistern or pit system. 
B: The pit system had to be abandoned after central water supply systems, bath tubs and flushing toilets were

introduced. In addition to waste water, drainage water (in order to improve conditions in basements) was soon
discharged into streams as well.

C: The volume of waste water increases with the living standard. Some streams were transformed into sewers.
D: Even today, growing cities require capacity increases in the urban drainage systems.

A

B

C

D
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capacities of barrier systems that protect

surface water, ground water and the soil

(see article by M. Boller, p. 25). 

Invisible infrastructure: The infrastructure is

largely hidden underground and is difficult

to access and inspect. Only massive leaks

are immediately detectable. With current

methods, small to moderate defects require

an enormous effort before they can be

detected, and then they are usually found 

as individual leakage points. Urban sewage

systems have a relatively long theoretical

life span, but are subject to continuous

stress due to traffic and soil movement. In

combination with natural fatigue of the pipe

materials, damages arise that allow exfil-

tration of sewage and/or infiltration of

ground water. New measuring techniques

are aimed at quantifying these processes,

thereby enabling us to more efficiently plan

remediation or reconstruction of defective

sections of the sewage system (see article

by J. Rieckermann, p. 29).

Dilution and mixing: The principle of the

hydraulic sewer system is based on waste

being transported by a large volume of

water. The resulting dilution of the pollutants

and the mixing of different types of waste

water make the cleanup more difficult and

limits the efficiency of the wastewater treat-

ment plant. This, in turn also increases the

risk that undesirable compounds are not

completely removed and reach surface

waters with the wastewater effluent. From

the point of view of water protection, the

hydraulic sewer system is a relatively poor

system.

Micropollutants: Because of improvements

in analytical chemistry, increasing numbers

of pharmaceutical chemicals are readily de-

tected in surface waters. These compounds

are dangerous because they can accumu-

late in organisms, e.g., in fatty tissues,

and/or because they can have effects at

extremely low concentrations, as is the case

for hormonally-active compounds. One of

the ingredients of the birth control pill, 17α-

ethinylestradiol, has measurable effects on

fish at concentrations below 1 ng/l [6]. The

risks associated with such contaminants

are extremely difficult to assess. Based on

the cautionary principle, however, it ist pos-

sible to take first measures now. In his ar-

ticle on page 7, H.R. Siegrist discusses the

current state of knowledge and discusses

various measures that deal with the problem

at both the source and in wastewater treat-

ment.

Conservative infrastructure: Urban drainage

is a rather inflexible system. Innumerable

elements of different age and lifespan must

function as a whole. In order to make the

best use of our considerable investments,

we are more or less forced to continuously

replace and maintain individual elements

[7]; therefore, it appears to be unlikely, that

in the short- to mid-term, decentralized

(small-scale) systems can become success-

fully established, regardless of whether or

not it would be beneficial from an environ-

mental or economic point of view.

Preliminary results from a German research

project on “Integrated Microsystems for

Supply” show, however, that the inert struc-

ture of urban water management is being

confronted by factors that could create 

new dynamic forces leading to change (see

article by D. Rothenberger, p. 11). Short-

range shifts in population densities from

urban centers to suburbs, for example, are

already having a severe impact on invest-

ment needs and technical concepts. Other

examples include water conservation ef-

forts and budgetary constraints that cause

investments to be postponed in many loca-

tions. The synergism of all of these factors

might favor small-scale solutions in certain

selected regions or consumer and/or appli-

cation niches.

In Demand: Innovative

Concepts in Urban Drainage

As illustrated in Figure 2, the first generation

sewage system is currently being replaced

in many areas of Switzerland. In light of the

serious disadvantages and high cost of 

the urban drainage system as a whole, it is

beneficial to consider devising fundamen-

tally new concepts that can be integrated

into the current system, but which offer new

options for the future.
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Max Maurer, chemical and
process engineer, working in 
the area of wastewater treat-
ment and sustainable urban
water management in the
department “Environmental
Engineering” at EAWAG.

EAWAG is intensively pursuing such an

alternative concept in the research project

NOVAQUATIS, dealing with the separate

collection and treatment of urine. Urine

accounts for less than 0.5% of the total

volume of waste water, but contains over

85% of the nitrogen compounds, 50% of

the phosphorus and a large fraction of 

the hormones and pharmaceuticals in the

waste, thus contributing substantially to the

overall load in wastewater treatment plants

[8]. It is interesting to note that this technol-

ogy is very flexible and is easily integrated

into the existing infrastructure and has ben-

efits even in combined sewer systems. It

has been shown that partial collection and

storage of urine can help to “even out” peak

loads in wastewater treatment plants [9].

EAWAG is not only concerned with the tech-

nical realization of this innovative concept,

but with gauging public acceptance of such

a “novelty”. The success of any innovative

technology in the real world depends on a

number of factors. In today’s world of urban

drainage, technical decisions are made

largely without any input from the public.

Far-reaching changes of the current system,

such as changes at the source, however,

require the involvement of all affected par-

ties at the earliest possible stage. For this

reason, the NOVAQUATIS project has con-

ducted several acceptance studies (see

article by J. Lienert, p. 14). Results thus far

indicate that the introduction of separate

urine collection would not be met by any

substantial resistance, provided certain

conditions are satisfied. Obviously, waste-

water experts still play a key role in suc-

cessfully implementing new concepts and

making them practical in everyday life.

Another indication that our urban drainage

system is not sustainable in the long term

are the difficulties we are facing when

attempting to introduce hydraulic sewer

systems in developing or underdeveloped

countries:
� integration into a comprehensive system

of waste disposal is not feasible,
� high resource consumption (water, sewer

system),
� lack of flexibility in the case of major pop-

ulation movements or growth,

� need for highly centralized organization,
� high costs.

Based on the Bellagio principles, which

were formulated in 2000, EAWAG has devel-

oped a new concept for the practical appli-

cation of integrated waste disposal in devel-

oping countries which puts the household

at the center of the entire planning process

(see article by A. Morel, p. 18). This “house-

hold-centred” approach is of interest also in

Switzerland because it demonstrates, with

a modern understanding of the issues, how

the entire waste disposal concept can be

rebuilt from the ground up and how the

system can be operated with less capital in-

vestment and resource consumption. If we

succeed in learning from such approaches

and are able to integrate them into our exist-

ing structures, we will be able to operate our

urban drainage systems sustainably and at

a high level for a long time to come.

[1] Krejci, V., Lange J., Schilling W. (1992): Gewässerschutz bei Regenwetter. GAIA 1, 72–83.
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442–447.
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Maintenance work in the sewer system by employees of “Entsorgung + Recycling Zurich”.



Historical Development of the Activated Sludge Method

Over the course of time, several
processes have become integrated
in the activated sludge system: At
the beginning, sewage plants were
designed only for the decomposition
of organic substances. Since the 
end of the 1960s, phosphate was
removed by chemical precipitation 
in order to reduce the phosphate
loading of the lakes. Nitrogen, origi-
nating mostly from urine, has been
eliminated since the end of the
1970s. By means of the nitrification
process, ammonium which is toxic
for fish is converted to the less criti-
cal nitrate. Nitrate, however, carries
the risk of nitrogen over-fertilization
of the coastal waters. Therefore,
since the 1980s, nitrification has, in
most cases, been supplemented
with a partial denitrification in which
the nitrate is converted to molecular
nitrogen. The biological phosphate
elimination through an upstream
anaerobic zone was introduced in
the 1990s. This brings about an
enrichment in the sludge of bacteria
with polyphosphate storage.

Denitrification

anaerobic anoxic

Nitrification
Fe, Al

Activated
sludge basin

Secondary
clarifier

Effluent

Excess sludge
Reflux

Waste
water 2–4 20–40

8–12 80–140

10–15 100–160

14–20 140–200

1950

1960

1970

1980

1990

2000

Implementation of the activated sludge system: Sludge
age

(days)

Basin
volume

(l / inhabitant)Elimination of easily degradable
organic substances

Chemical phosphate
precipitation and
nitrification

Denitrification

Biological
phosphate
elimination

Integration of:
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Through improved methods of chemical analysis, pharmaceutical

and hormone-active substances are increasingly being detected 

in our water bodies. In most cases, they enter the waste water

after being excreted in urine. In the sewage plant, a fraction of

the substances is eliminated through sorption and biological degra-

dation. The remaining part enters water bodies with the treated

waste water. This article describes possible measures aiming at

eliminating the residual substances. These include on the one

hand, permanent measures at the source such as an eco label 

for pharmaceuticals, the pre-treatment of hospital waste waters

and the separate treatment of urine. However, on the other hand,

as the measures at the source can only be implemented over 

the long term, it is expedient to also consider technical measures

such as raising the sludge age in the activated sludge tanks of

sewage treatment plants and, for critical cases, the ozonation of

the purified waste water.

Today around 100 000 different chemicals

are registered in the European Union (EU),

of which some 30 000 are distributed on the

market in quantities in excess of one tonne.

[1]. It is unavoidable that during manufactur-

ing, disposal and use of the substances, a

proportion will enter the environment. 

Through constantly improving methods of

chemical analysis, compounds in very low

concentration ranges (micro- and nano-

grams per litre) are increasingly being de-

tected in water bodies and in the sewage

sludge; these are designated micropollu-

tants. Amongst these are well known repre-

sentatives such as the pesticide atrazine,

the plastics additive bisphenol A and the

petrol antiknock additive methyl-tertiary-

butyl-methyl-ether. Less well known is that

these also include many compounds used

daily, for example, medicaments. Approxi-

mately 3300 different substances are used

as medicaments in the EU today. Significant

in terms of quantity are active agents used,

amongst other purposes, as painkillers,

antibiotics, antidiabetics, beta blockers,

contraceptives, lipid reducers, psychotrop-

ic or cytostatic agents. 

Pharmaceutical Residues in

Water – a Hazard not to be

Underestimated 

Normally pharmaceutical substances enter

the wastewater system through natural ex-

Micropollutants – New Challenge 
in Wastewater Disposal?
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cretions such as urine or faeces. However, a

considerable proportion of the pharmaceu-

ticals contained in the waste water is also

introduced through improper disposal via

the toilet. A German study [2] investigated

the occurrence of 55 pharmaceutical active

agents and 9 metabolites in the discharge 

of 49 sewage treatment plants as well as in

the receiving water bodies. Here, 36 active

agents and 5 metabolites were detected in

the sewage plant effluents in concentrations

of up to several µg/l. Even in the water bod-

ies, peak concentrations were measured in

excess of 1 µg/l (e.g. beta blockers and anti-

epileptic agents).

In addition, there has been much discussion

in recent years of new environmental ef-

fects, such as excess female hormones in

fish. This is partly a result of the chronic in-

troduction of hormone-active (endocrine)

substances. These include, along with the

body’s natural hormones, which are also

discharged with the urine, pharmaceutical

substances used for their hormonal effect,

such as for example, contraceptives and

antidiabetics. A hormonal secondary effect

is also attributed to some other pharma-

ceutical active agents, such as β-sitosterol

(cholesterine reducing agent) and clen-

buterol (asthma relief agent), in addition to

their principal non-hormonal effects. For

most pharmaceuticals however, no endo-

crine effects are known. But this may simply

be due to the fact that they have never been

tested for any hormonal effects. It cannot

therefore be ruled out that the group of

pharmaceutical active agents with undesir-

able hormonal secondary effects is much

larger than is generally assumed. 

Unfortunately, little is known up to now how

pharmaceutical residues behave on passing

through the waste water in the sewage plant

and the processes through which they are

eliminated from the waste water. But such

data would, on one hand, be indispensable

for a more comprehensive environmental

risk estimation and on the other hand pro-

vide the basis for elaborating measures to

improve the biological and chemical degra-

dation capability in sewage plants. By

means of selected examples, this article

provides an overview of the elimination

processes and presents possible measures

for discussion. 

Elimination Process in the

Municipal Sewage Treatment

Plant 

Whether trace substances can be elimi-

nated in a sewage treatment plant depends

essentially on the level of development of

the biological purification stage. In the last

40 years, biological wastewater purification

has been adapted step by step to the tight-

ening of wastewater-introduction condi-

tions. This is described in the box on page 7

using the most commonly employed acti-

vated sludge method. 

The most important elimination processes

are:
� the sorption to suspended solids in the

waste water, which are removed by sedi-

mentation as primary and secondary

sludges in the primary and secondary clari-

fiers; 
� the decomposition of substances through

bacteria in the activated sludge, which is

designated as biological mineralization or

transformation; 
� stripping by aeration; although for the

trace substances under consideration, this

process is negligible as they are mostly

large, lipophile and only partially uncharged

molecules with low volatility. 

Sorption

In the case of the sorption of organic trace

substances, a distinction is made between: 

� absorption: hydrophobic interactions of

the aliphatic and aromatic groups of a com-

pound with the lipophile cell membrane of

the microorganisms and the fat fractions of

the sludge; 
� adsorption: electrostatic interactions of

positively charged groups of chemicals 

with the negatively charged surfaces of the

microorganisms.

The quantity sorbed by a substance

(Csorbed), can be expressed by a simplified

linear model. It is dependent upon the sorp-

tion constant Kd, the concentration of sus-

pended solids (SS) to which the substance

can adhere and the proportion of the sub-

stance present in dissolved form (Cdissolved):

Csorbed = Kd·SS·Cdissolved

The sorption constant Kd has the unit l/g.

With predominantly hydrophobic interac-

tions, Kd can be estimated from the octanol-

water distribution coefficient, or with elec-

trostatic interactions, it must be determined

by means of sorption trials. 

A substance which sorbs relatively well 

to suspended solids is the antibiotic nor-

floxacin (Fig. 1) [3, 4]. The sorption is based

to a large extent on electrostatic interac-

tions between the positively charged amino

group of norfloxacin and the negatively

charged surfaces of the microorganisms. 

In a study carried out in the Zurich sewage

plant at Werdhölzli, EAWAG was able to

confirm that with an excess sludge produc-

tion of 0.15 g/l, up to 80% norfloxacin is

sorbed to the secondary sludge [4]. The rea-

son for this is that microorganisms in the

secondary sludge represent the greater pro-

portion of the suspended solids, resulting 

in a relatively high sorption constant Kd ≈
25 l/g. For the primary sludge however, 

the sorption constant of norfloxacin is only

Kd ≈ 2, because in spite of having the same

concentration of suspended solids, the

primary sludge contains essentially fewer

microorganisms but has instead a large 

fat fraction. Thus, only ca. 20% norfloxacin

is sorbed to the primary sludge. With other

substances, such as the anti-inflammatory

diclofenac (active agent of voltaren) and

Fig. 1: Sorption constant
and sorbed proportion
of selected compounds
to the suspended solids
in the inflow as well 
as in the primary (with
reference to the raw in-
flow) and the secondary
sludges (with reference
to the outflow of the
primary clarifier) [3, 4].
Column Kd: first value
for primary sludge, sec-
ond value for secondary
sludge.

Compound Kd (l/g) Sorbed fraction in % (100·Kd·SS/(1+Kd·SS)

Diclofenac 0.45/0.05 10 6 0,5

Ethinylestradiol 0.35/0.27 8 5 3,0,0

Norfloxacin 002/25 33 23 72,0,0

Primary clarifier Activated sludge basin

Raw waste water
0.25 g SS per liter

Primary sludge
0.15 g SS per liter

Secondary sludge
0.1 g SS per liter

Secondary clarifier
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substances belonging to the estrogen

group, the proportion sorbed is essentially

smaller (Fig. 1). 

Sewage sludge is an important indicator for

documenting the anthropogenic loading of

the waste water through problematic sub-

stances. It is therefore important to retain

the quality control, also after the ban of agri-

cultural use of sewage sludge. 

Biological Degradation 

As the discussed trace substances mostly

occur in the waste water in concentrations

of 10– 5–10–9 g/l, biological degradation is

only possible where the bacteria have a pri-

mary substrate available. In the case of the

biological degradation of trace substances,

a distinction is made between: 
� co-metabolism, in which the bacteria only

partly break down or convert the trace sub-

stance and do not use it as a carbon source; 
� mixed substrate growth, in which the bac-

teria use the trace substance as a carbon

and energy source, and hence totally miner-

alize it.

The transformation or decomposition of a

substance can take place under aerobic

and/or anaerobic conditions. It arises

through the chance affinity of a trace sub-

stance with the bacterial enzymes in the

activated sludge. Here the chance of de-

composition also increases with the age of

the sludge (Fig. 2). The reason is that the

bacterial symbiosis becomes more diversi-

fied because slower growing bacteria can

also grow in the sludge. This is demonstrat-

ed for instance with diclofenac and the

contraceptive 17α-ethinylestradiol. A signif-

icant decomposition of both substances is

only detectable when the activated sludge

in the aerobic part of the plant is around

8 days old. With increasing sludge age the

bacteria compete for more complex, less

easily degradable compounds. However,

the decomposition of the trace substances

can be impaired in spite of a high sludge

age. This may be the case when easily

degradable substrates are present in the

sludge or during periods of increased sub-

strate loads. The natural estrogens 17β-

estradiol and estron are mineralized in both

the aerobic and the anoxic part of the bio-

logical purification stage. On the other

hand, the synthetic 17α-ethinylestradiol de-

composes only under aerobic conditions.

Figure 3 summarizes the results of a study

on the fate of 17α-ethinylestradiol [5].

Due to the low concentrations of trace sub-

stances, the decomposition occurs most-

ly as a first order reaction:

rdecomposition = kdecomposition · SS · Cmicropollutant

In this case, a cascade type arrangement of

the aerated basin is advantageous because

this results in lower discharge concentra-

tions than is the case with a fully intermixed

basin.

Measures Taken at Source

Of course many active agents of pharma-

ceuticals or their intermediates represent

polar substances which are biologically

degradable to only a small degree or not at

all and whose sorbing behavior to particles

is similarly restricted. On passing through

the sewage plant, they are only partly elimi-

nated and end up in the water body with the

sewage plant outflow. A permanent solution

to this problem is only possible with mea-

sures taken at source.

Environment label for pharmaceuticals: It is

hardly likely that a medicament would be

banned because it is not biologically deg-

radable in the environment. But in Sweden,

an environment label is being introduced

with the assistance of the chemical industry

which enables the physician and the pa-

tient, where medicaments with a similar

action are available, to select the treatment

which is most environment-friendly [6]. 

Improving the environment assessment: Up

to now, the ecotoxicological assessment of

a chemical compound has mostly been

based on a determination of the acute or

chronic toxicity in the environmental sys-

tems. However, substances used because

of their hormonal effect, as well as sub-

stances suspected of exercising a sec-

ondary hormonal effect in addition to their

principal effect, must be given special

attention [7]. It must be taken into account

that hormone-active substances can be

effective even in the smallest concentra-

tions. Furthermore, when estimating the

concentrations in the water body, the be-

havior of the substances in the sewage

plant and the seasonal variation in the con-

sumption of medicaments must be included

in the calculation, which is not always a

simple matter. 

SAmin
degradable at 15 °C and
SAmin = 2–5 days: bezafibrate

sulfamethoxazol
ibuprofen

SAmin = 5–15 days: diclofenac
ethinylestradiol
iopromid
roxithromycin

non degradable at SA <20 days:
carbamazepin
diazepam
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Sludge age (days)
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Fig. 2: The biological breakdown or transformation of a compound is dependent upon the age (SA) of the activated
sludge [3].

Fig. 3: Substance flow and breakdown of the contraceptive 17α-ethinylestradiol in the sewage plant at Wiesbaden,
Germany [5]. The data are in g per day. The value in the inflow covers both the free dissolved and conjugated
ethinylestradiol.

First basin
Primary
clarifier

Denitrification Nitrification Secondary
clarifier

Raw
waste
water

Second basin

Internal recirculation and return sludge

Secondary sludge (excess sludge)

Digester

Digested sludge

Primary sludge

Effluent

dissolved
sorbed

0.7 0.5 0.4 0.3 <0.1 <0.07

1.3 1.5
0.5

<0.147 <0.030.7

0.51.2

<0.17

0.040.02

<0.03
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Separate treatment of hospital wastewater:

Hospital waste water is, in most cases,

heavily contaminated with medicaments.

Moreover, it seems that the development of

bacterial resistances may especially occur

in hospital waste water because it also con-

tains a considerable amount of antibiotics

than domestic waste water [8]. The sepa-

rate treatment of hospital waste water, for

instance with a membrane bioreactor for

separating the germs and by means of

ozonation of the discharge resulting in the

oxidation of the dissolved, persistent phar-

maceuticals is therefore to be considered. 

Urine separation: Since pharmaceutical sub-

stances and hormones are to a great extent

excreted with the urine, a separation and

separate treatment of the urine would sig-

nificantly reduce the medicament loading 

of the waste water (see also the article by

J. Lienert, p. 14). This would allow reusing

treated waste water in toilets and gardening

and therefore reducing drinking and waste-

water fees.

Percolation of rain water: A separated drain-

age and percolation for the rain water re-

duces both the heavy metal load and the

burden of organic pollutants in the waste-

water and sewage sludge (see also the

article by M. Boller, p. 25). 

Further Measures in Municipal

Wastewater Treatment

As the introduction of the described mea-

sures to be taken at the source is rather

time-consuming and certainly requires a

number of decades, it is reasonable in the

short term to develop additional chemical 

or physical measures for wastewater treat-

ment. But these technical measures should

not replace the measures at source. 

Increasing the sludge age: Organic trace

substances are significantly better decom-

posed when the age of the activated sludge

is around eight days or more (Fig. 2). But 

not all sewage plants in Switzerland and the

EU satisfy these requirements. Upgrading

of medium sized and larger sewage plants

to a total sludge age of 10–15 days – nitri-

fication combined with denitrification (see

box on p. 7) – is therefore beneficient. This

would have the additional advantage of effi-

ciently eliminating the nitrogen so that the

EU requirement specifying 70–80% nitro-

gen elimination for sewage plants in the

catchments of sensitive water bodies such

as the Rhine, could be satisfied simultane-

ously. If the plants were also to be extended

with an upstream anaerobic zone for the

biological phosphorus elimination (see box

on p. 7), the possibility for a separate partial

recovery of the phosphate by redissolving

polyphosphate from the excess sludge

combined with chemical precipitation would

arise. This is a technique which has up to

now undergone few large-scale trials but

which is investigated together with the

phosphate industry in Holland. This would

partially permit restarting the recycling of

phosphorus, which was interrupted by the

ban on the use of sewage sludge for agricul-

tural purposes [9].

Ozonation of the biologically purified dis-

charge: In the case of ecotoxicological

doubts (insufficient dilution of the waste

water in the receiving body, high sensitivity

of the water body and direct infiltration of

the wastewater into the underground) par-

tial ozonation of the biologically purified

waste water should be taken into account

before the sewage is discharged. After

treatment with 5–10 mg ozone per m3 waste

water, pharmaceuticals are normally no

longer detectable [10]. Only the iodized

radiological contrast agents mostly origi-

nating from hospital waste water were

unable to be totally oxidized. The effective-

ness of the ozone is dependent on the

background level of the waste water with

dissolved organic carbon and the chemical

properties of the residual substances [11].

An ozone concentration of 5 g/m3 is, in most

cases, sufficient with the low background

loads occurring in Switzerland. Although 

the price is only a few cents per m3 of 

waste water, the energy expenditure is ca.

0.1 kWh/m3, and is therefore significant in

comparison with the total energy consump-

tion of a plant. Thus, the application of the

process is limited to critical cases. In any

case, the fate of the metabolites occurring

with the ozonation is to be investigated 

prior to any large-scale application. 

Advanced processes, such as nanofiltration

and active carbon adsorption, are too cost-

ly and only of interest if the waste water is

used for groundwater recharging or directly

as drinking water. Certainly in the short

term, measures taken at the level of the

sewage plant will bring quicker success.

But in the long term, permanent measures

taken at the source are preferable.
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How do changes in the economic and social framework affect 

the future technical development of wastewater treatment? The

EAWAG research group CIRUS – Centre for Innovation Research 

in the Utility Sector – focuses on this question in the German

study “Integrated Microsystems for Supply”.

A number of promising innovations, such 

as the separation of wastewater streams

and the reuse of minimally-polluted waste

water, have been discussed in wastewater

treatment circles for some time. If imple-

mented, they could result in an improve-

ment of the currently centralized sewage

and wastewater treatment systems [1].

Since, however, wastewater systems have

such a long operational life-span, charac-

terized by equally long-term investment

cycles, such innovations are not easily real-

ized. At present, there appear to be changes

in the driving forces that could affect the

assessment of alternative approaches and

thus the future of wastewater treatment.

The goal of the research group CIRUS at

EAWAG is to analyze in detail what these

driving forces are and what effects they may

have on wastewater treatment. The EAWAG

group is collaborating with German re-

searchers, focusing on electricity, gas and

telecommunication. The project “Integrated

Microsystems for Supply” is funded by the

German Federal Ministry of Education and

Research.

Using an extensive literature search and the

results of some 20 interviews conducted

with experts from the water and sanitation

utilities, associations, construction compa-

nies, regulatory agencies, consumer pro-

tection organizations and research institu-

tions, roughly two dozen factors that drive

changes in this field were identified. We

weighed these factors according to the

impact and uncertainty concerning their

potential for inducing change [2]. Some

selected results are presented in this article.

Fees and Fee Structures

In Germany, fees for wastewater treatment

are currently calculated to cover only actual

costs. Municipalities are allowed to pass on

the full cost to the consumer, but are not

allowed to derive any profit. In 2002, the

average wastewater fee was 2.24 €/m3,

which translates to an annual cost of 117 €

per person [3].

Between 1988 and 1996, the fees increase

after adjustment for inflation amounted to

55% [4], leveling off between 1997 and

2002. The price for drinking water must also

be considered a driving force since it affects

consumption and so indirectly impacts the

resulting volume of waste water requiring

treatment. Between 1992 and 2001, the

price increase (excluding inflation) for drink-

ing water was just under 28%.

From the perspective of the waste treat-

ment industry, the reciprocal character of

the cost vs. price structure is extremely

important: In wastewater treatment, the

short-term fixed costs, i.e., the costs that

are independent of changes in the volume

of waste water to be treated, amount to

roughly 75% of the total costs [5]. Figure 1

provides an overview of the entire cost

structure in the wastewater treatment sec-

tor. On the other hand, the price structure

has a relatively low share of fixed elements

(between 10–30% of the total bill), which 

is often a reflection of environmental policy

and incentives for efficient use of the water

resources. But this also implies that the

consumer has a much higher financial

saving from reduced consumption than the

utility. This, in turn, leads to price increases,

which are needed to cover fixed costs for

the capital intensive centralized infrastruc-

ture.

Backlog on Investment

Also critical to future development will be

the manner in which investments in waste-

water treatment plants and other infrastruc-

ture are managed. Figure 2 illustrates that

31% of the public sewage system is older

than 50 years. With an average lifetime of

approximately 70 years for sewage pipes,

we can estimate that between 20 and 30%

of the roughly 450 000 km of sewage pipes

in Germany are currently in need of replace-

ment. According to Stein [6], immediate

needs are even higher in the Eastern part 

of Germany, where 50% or more of the

sewage system may need to be replaced.

Normally, an annual renewal rate of 1.5% 

is deemed adequate.

This discrepancy between theoretical re-

newal rates and the actual replacement

needs is a consequence of investments that

have been delayed too long. Facing ever

Fig. 1: Breakdown of costs in wastewater treatment [5].
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26%
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Energy/materials
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12%

Waste disposal
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33%
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11%
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Fig. 2: Age structure of the German sewage system
[10].

The Driving Forces for Change
in Wastewater Treatment
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tighter financial situations, communities

have cut maintenance from their budgets. 

In 2000, investments were at roughly 50%

of what should have been spent. A signifi-

cant portion of the fees collected was used

for purposes unrelated to wastewater treat-

ment [7]. With estimated replacement costs

of 500 € per meter of sewage canal, and an

annual renewal rate of 1.5% for the entire

system, the annual investment amounts to

3.4 billion €. Replacing the 20% of the sys-

tem that is older than 75 years all at once,

would amount to 45 billion €. This trans-

lates to an average per capita cost of 562 €,

only making up for overdue investments.

This amount is almost five times the current

annual per capita bill for wastewater treat-

ment.

Population Decrease

Additional challenges for wastewater treat-

ment planning in Germany arise from de-

creasing birth rates and the migration from

cities to suburbs. According to current pre-

dictions, only a few German cities will have

a stable population after 2015. In the east-

ern part of Germany, as many as 25% of 

the apartments could be untenanted [8].

Significantly decreasing populations cause

the central water and wastewater systems

to operate well below the nominal load for

which they were designed, which leads to

hygiene problems and technical difficulties.

For example, drinking water could become

contaminated with microorganisms if the

retention period in the pipelines becomes

too long. Regular flushing of the pipes is a

possible remedy, although this would in-

crease the cost, which in turn would have to

be shouldered by a shrinking number of

users.

Decrease in Water Consumption

Overall, water consumption has signifi-

cantly dropped over the last few years. Be-

tween 1990 and 2001, the average water

consumption per person and per day fell 

by 15% from 150 liters to 128 liters. These

numbers include private households and

small commercial operations. The consen-

sus according to our interviewees is that 

the reduction is due to greater environmen-

tal awareness and to the increased cost of

drinking water and wastewater treatment.

Another factor that has very recently gained

importance are innovative and more effi-

cient appliances and hardware, including

water-saving faucets in showers and sinks

and smaller toilet tanks, which already are

widely used. They may be installed at very

low cost, often just a few Euros, but have 

a relatively high water-saving effect. Once

manufacturers of dishwashers and washing

machines, in particular, discovered that

water efficiency is an attractive marketing

tool, water consumption for such appli-

ances dropped significantly (Fig. 3). More

recently, they have developed some pilot

models of appliances that internally cycle at

least part of the water they use [9].

Advances in Membrane

Technology

Advances in membrane technology play an

important role in further reducing water con-

sumption. This is a so-called enabler tech-

nology, i.e., it facilitates the development of

alternative systems. Due to their relatively

high efficiency but small size, these mem-

brane systems are well suited for applica-

tions in small, decentralized operations.

Some of the interviewees consider progress

in membrane technology to be one of the
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Fig. 3: Water consumption of household appliances clearly decreased in the past 20–30 years [11]. Fig. 4: Cost decrease for ultrafiltration membranes [12].

Interview partner working in the area of
research: 

“As a private citizen, I want to use as little
water as possible, not because drinking
water is scarce, but because I want to pay
as little as possible for drinking water and
wastewater disposal. Therefore, I go out
and buy a water saving toilet, a water sav-
ing washing machine and a water saving
dish washer. So, my interests are, diametri-
cally opposed to the interests of the oper-
ators of the centralized water systems –
and actually, they are outside their area of
influence.”

Interview partner from one of the sector
associations:

“… the market does not give centralized
systems any special consideration … oper-
ators of wastewater treatment plants look
at their system of sewage pipes and figure
that everybody is forced to connect to it,
so everything will come out ok. But if Ma-
tushita in Japan or Technics, Miele, Bosch
and Siemens bring a wastewater-free dish
washer on the market, who says that this
does not throw the whole system and that
everything can go into the garbage? And
which politician would dare to demand that
such a machine not be built? … All this has
dramatic consequences for centralized
systems. Meanwhile, they keep harassing
those few rain water users. They have 
no idea what is going on in other areas, or
they just don’t have anything to say in
those areas.”



Dieter Rothenberger, environ-
mental economist, is working 
in the department “Applied
Water Ecology” within the work-
ing group CIRUS, where he is
dealing with sustainable trans-
formation and deregulation of
infrastructure sectors as well 
as strategies for the supply

industry and regulatory agencies.

Further information:
www.cirus.eawag.ch
www.mikrosysteme.org

13 EAWAG news 57

most important prerequisites for the viability

of decentralized technologies. Membrane

technology can, for example, increase effi-

ciency and reduce the size of treatment

systems for so-called grey water, i.e., mini-

mally polluted water from showers and

sinks. This technology could rapidly bring

such recycling systems into the range of

economic feasibility for households and

small commercial operations. Considering

that the cost per m2 filter area has been

steadily falling (Fig. 4), it seems likely that

membrane technologies will soon be able 

to penetrate the household and commercial

market sectors.

Moving Away from Centralized

Solutions?

According to the majority of our intervie-

wees, urban water management is consid-

ered a rather stable, long term-oriented and

not very innovative sector. Summarizing 

all potential driving forces for change, how-

ever, scenarios can be developed that

would lead to major change. On one hand,

the mostly communal operators of water

systems are faced with a rather unfavorable

cost/price structure, high investment needs

and tight budgets; on the other hand, the

volume of waste water has decreased sig-

nificantly over the past 15 years, a trend 

that is likely to continue in the decades

ahead considering projected demographic

developments, additional fee increases and

new technologies. Both of these processes

overlap and reinforce one another, while the

wastewater treatment industry has very little

influence over either [2].

Figure 5 illustrates the dynamics that the

combination of these forces could unleash

and summarizes how these changes could

pose a serious challenge for the currently

centralized systems. The proper operation,

maintenance and service of an alternative,

decentralized system is critical and could

spawn the development of a sector, trans-

forming former water suppliers and waste

disposal operators to service providers.

It appears unlikely at this point in time, how-

ever, that the centralized water and waste-

water systems will be replaced entirely by

decentralized alternatives in the short- to

mid-term. It is likely, though, that decentral-

ized concepts may become established 

in certain niches, such as urban areas or

regions where a high investment need co-

incides with a dramatic decrease in water

demand. This would, for example, apply to

newly constructed or newly rebuilt areas,

which would not have to be connected to

the existing sewage system, but would

function as nearly zero wastewater pro-

ducers, using a combination of approaches

such as the recycling of process water,

separation of wastewater streams, decen-

tralized treatment of rain water, and small

community treatment plants. The question

which political decision makers have to

face, as for example in some regions in

eastern Germany, is whether or not addi-

tional investments in centralized systems
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Fig. 5: Effects of the driving forces.

are economically and technically reason-

able.

No one can predict with any certainty what

developments will actually take place. It is

useful for the forward-looking water sup-

plier or wastewater treatment operator,

however, to study possible development

scenarios in greater depth. The detailed for-

mulation of scenarios for the development

of the infrastructure and of consequences

for the various actors (regulator, industry

and consumer) will comprise the next phase

of the project and is scheduled to be pub-

lished in spring 2004.
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The successful implementation of an innovative technology depends

on many factors. Apart from its technical superiority compared to

traditional solutions, the needs of the stakeholders play a vital

role. We were interested to know whether the market is ready for

the NoMix technology, a sanitary concept for urine source separa-

tion, which would revolutionize our current system of wastewater

management. Surveys showed that consumers and farmers have 

a positive attitude, given that the NoMix technology is adequate,

inexpensive, and safe. Sanitary firms are confident that they can

further develop NoMix toilets, but they demand strong commit-

ment from wastewater professionals who will, therefore, play a

deciding role in putting the NoMix technology into practice.

Originally, the urban wastewater system

was designed as a transport system. The

underlying principle has hardly changed

over the past hundred years. More and

more, wastewater professionals realize that

it is difficult to meet modern requirements 

of water pollution control with these old

structures. On the one hand, the urban

wastewater system still has gaps, e.g.

houses that are not connected to the sew-

er system or leaky sewers and combined

sewer overflows which discharge untreated

waste water directly into surface waters or

into the ground water. On the other hand,

wastewater treatment plants have to meet

increasing demands; e.g. it is still unknown

whether micropollutants such as pharma-

ceuticals and synthetic or natural hor-

mones, which are mainly excreted via urine,

can be efficiently eliminated in treatment

plants. Measures at source – such as urine

separation – could help solving such prob-

lems. Additionally, although only 0.5% of

the waste water from households is urine,

this fraction is responsible for most of the

nutrients arriving at wastewater treatment

plants. Urine, therefore, significantly con-

tributes to the charge of the treatment

plants. The separate collection and treat-

ment of urine, thus, offers entirely new pos-

sibilities to increase the efficiency of waste-

water treatment [1].

Urine Source Separation via

NoMix Technology

The NoMix technology consists of specifi-

cally designed toilets for the separate col-

lection of urine. The urine is stored in urine

tanks and can then be transported to the

treatment plant at favorable times, either via

the existing sewer system or by special

trucks. Additionally, the urine could be

treated in special urine processing plants

(Tab. 1). These would offer the advantage 

of an easier elimination of micropollutants.

The raw urine could also be processed into

a fertilizer product, which could partially 

replace artificial mineral fertilizers. Technol-

ogy version A – separate collection and use

of stored urine as fertilizer – is already being

practiced. Versions B and C, however, are

new, but they could easily be integrated into

the existing sewer system and have advan-

tages for the treatment plants (Tab. 1). Thus,

introducing the NoMix technology could

increase the efficiency of treatment plants,

improve water pollution control and close

nutrient cycles. At EAWAG, the interdisci-

plinary research project NOVAQUATIS deals

with the NoMix technology [2]. Issues ad-

dressed are in addition to sanitary technol-

ogy, storage, transport and processing of

urine, production of fertilizer also the ques-

tion whether this technology can win the

necessary acceptance of stakeholders. Tra-

ditionally, new technologies in wastewater

management were developed by profes-

sionals without participation of the public.

This is not appropriate for urine separationWould you buy these vegetables if you knew they were produced with an urine fertilizer?
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in households. Therefore, already at an 

early stage of the research, NOVAQUATIS

integrates users of NoMix toilets, farmers

applying urine-based fertilizer, the sanitary

industry, as well as wastewater profession-

als who will have to apply and promote this

new technology. In this article, we present

the results of several surveys and a theo-

retical analysis.

Positive Response of

Consumers and Farmers

Consumer attitudes towards the NoMix

technology were explored in several focus

groups [3]. Focus groups are moderated

group discussions with informed citizens 

on a well-defined topic. The 44 participants

were informed by a computer based infor-

mation system [4] and visited a NoMix toilet.

71% of the men and 89% of the women

thought the NoMix toilet is a good or very

good idea. With 88%, most of the men

would move into an apartment with NoMix

technology, but only 42% would buy a

NoMix toilet. Similarly, 79% of the women

could imagine living in a flat with NoMix

technology and even 63% were willing to

buy a NoMix toilet. Consumers stressed 

the importance that the new technology

would equal today’s level of comfort and

cost. Interestingly, only 16% of the men

stated that they do not sit down for urinat-

ing, which is necessary for the functioning

of the NoMix toilets available today. With

72%, the majority of the interviewed per-

sons would also buy food grown with the

help of a urine-based fertilizer and even

80% prefer urine-based fertilizer to artificial

mineral fertilizer. However, the participants

emphasized that any risk concerning hy-

giene and micropollutants would have to be

excluded.

A mail survey among 467 farmers in the

German speaking part of Switzerland

showed similar results [5]. Unfortunately,

this survey cannot be regarded as repre-

sentative: first, because only 27% of the

questionnaires were returned and second,

because the answers of IP- (integrated pro-

duction) and organic farmers differed signif-

icantly. Nevertheless, the survey gave some

important indications: 57% of the farmers

regard urine source separation as a good or

very good idea and 42% would purchase a

urine-based fertilizer product. The chances

of opening a market for a urine-based fer-

tilizer are presumably high in those cases

where additional fertilizer is purchased any-

way, i.e. especially for IP- and vegetable

production. Farmers also demand a product

without risk: 30% mentioned concerns that

the fertilizer might contain micropollutants.

The preferred type of fertilizer would be a

grainy and odorless nitrogen fertilizer. From

these first surveys, we conclude that the

NoMix technology could be accepted, given

it is cheap, safe, and at least as comfortable

as the current technology.

Sanitary Industry: Market for

NoMix Does not yet Exist

Urine source separation is a technology that

has been applied for several millenniums.

Thirty years ago, this tradition was again

Tab. 1: Attributes of the three NoMix technology versions [7]. All three versions consist of a NoMix toilet and a urine collection tank.

C

1–2 days

NoMix toilet with integrated urine tank

Sewer system

Central control of urine drainage via
existing sewer system (see version B)

Yes

Together with waste water in existing
treatment plants

No

Transition scenario

“Peak-shaving” of nutrient load in treat-
ment plants, thus increasing capacities

Less urine in combined sewer overflows,
where untreated waste water is directly
discharged to surface waters

Rauch et al., 2003 [12]

B

3–7 days

Short-term local storage of urine

Sewer system

Central control of urine drainage via
existing sewer system during nights
without rainfall (i.e. while minimal
amounts of other waste water is drained
via the system)

Before reaching the general treatment
plant, urine is led to a special processing
plant 

Yes

In central urine processing plants

Removal of micropollutants and process-
ing into a fertilizer product

Yes

Fertilizer product for agriculture (maybe
industry)

Nutrient recycling

Improved water pollution control with
simpler wastewater treatment plants

Larsen and Gujer, 1996 [1]

NoMix technology version

A

6 months

Local storage of urine for hygienization 

Trucks

No

Yes

Direct use of stored urine as fertilizer in
agriculture

Nutrient recycling

Improved water pollution control with
simpler wastewater treatment plants

Johansson, 2001 [6]

Duration of storage

Transport

Urine processing

Nutrient recycling

Main intention

Literature



EAWAG news 57 16

taken up in Scandinavia and from 1990 on,

modern NoMix toilets were produced in

Sweden. Between 1992 and 1996, about

3000 NoMix toilets were installed in more

than 15 pilot projects [6, 7]. A technologi-

cally refined and attractive NoMix toilet is

available today [8]. However, it is essential

to further improve the sanitary technology,

since some problems are still unsolved such

as the precipitation of urine which leads to a

clogging of the urine conducting pipes and

to the development of unpleasant odors [9].

Since beginning of the project, NOVAQUA-

TIS has kept in close contact with the sani-

tary industry. The larger companies are con-

vinced that the development of modern

NoMix installations is possible. Unfortu-

nately, the market for NoMix technology 

is not yet visible. Therefore, the sanitary

industry is still hesitant to invest on a large

scale.

Wastewater Professionals

Holding the Key Position

How can the NoMix technology gain broad-

er acceptance and wider diffusion? Pre-

sumably, the attitude of the wastewater pro-

fessionals is the most critical factor for the

development of the NoMix technology. In

order to understand the attitudes of waste-

water professionals and to identify the cru-

cial factors, we used the classical diffusion

theory. Rogers [10] defined five main attrib-

utes, which are relevant for the diffusion rate

of an innovation – i.e., relative advantage,

compatibility, complexity, observability, and

trialability (definitions see Tab. 2). Moreover,

according to the diffusion theory, the accep-

tance of an innovation over time normally

follows an s-shaped curve. After a rather

slow start, a successful innovation “takes

off” and adoption occurs rapidly (Fig. 1). It

seems that wastewater professionals re-

Definition of attributes
(according to Rogers, 1983 [10])

The relative advantage is the degree to which an
innovation is perceived as being better than the
idea it supersedes ( often expressed as economic
advantage, status giving etc.).

Compatibility is the degree to which an inno-
vation is perceived as consistent with the existing
values, past experience, and needs of potential
adopters.

Complexity is the degree to which an innovation
is perceived as difficult to understand and use 
(not to be confounded with the notion of com-
plexity in natural sciences).

Trialability is the degree to which an innovation
may be experimented with on a limited basis.

Observability is the degree to which the results 
of an innovation are visible to others. 

Possible attitude of wastewater professionals

Large uncertainties:

� Benefit for ecology is significant, but difficult 
to quantify

� Costs are unknown in initial stage

� NoMix technology has to prove its superiority 
in practice

� Paradigm shift from central wastewater treat-
ment in treatment plants to a decentralized 
system “at source” is necessary

� Contradictory to traditional approaches of 
problem solving

Separation of liquid wastes:

� Possibly difficult to understand (yet well known 
from solid wastes)

� Technological challenge 

Limited trialability, especially of technology 
version B and C (Tab.1)

Limited observability, because of

� Preventive measures

� Long periods of time

� Abstract concepts

Tab. 2: The five attributes, often of prime importance for the diffusion rate of an innovation [10], and their applica-
tion on the possible attitude of wastewater professionals towards the NoMix technology [7].

Fig. 1: Diffusion of innovations [10]. After a rather slow
start, a successful innovation suddenly “takes off”. 

Does NoMix ever
come in this phase?

Assumption
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A urine conducting pipe clogged by urine precipitates.
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gard the NoMix technology as disadvanta-

geous in most of the five attributes (Tab. 2)

[7]. In the following, two of the most relevant

attributes are discussed in more detail:
� The relevant advantage of an innovation

compared to the existing technology is

often assessed by a cost-benefit-analysis,

e.g. by comparison of ecological advan-

tage and monetary expenses. This kind of

analysis is difficult to perform in the case of

the NoMix technology, because of numer-

ous uncertainties, especially concerning the

costs, which exist in the initial stage. There-

fore, a relatively cheap technology such as

version C (Tab. 1), which allows depreciat-

ing investments already made in the exist-

ing system, will have better chances.
� The compatibility of NoMix with an exist-

ing technology is perceived as low. Espe-

cially wastewater professionals are – with

good reason – convinced that the existing

system is very successful concerning hy-

giene and comfort. A new technology will

have to prove its equality. Another obstacle

for the implementation of the NoMix tech-

nology is the necessity of a paradigm shift

leading away from a central wastewater

treatment in treatment plants to a decentral-

ized collection and processing of urine. Yet,

presumably many wastewater professionals

do not see any urgency to give up the cur-

rent system. Up to now, it was possible to

solve new wastewater problems in a single

step within the treatment plant. Thus, from 

a traditional point of view, searching for

radically new approaches in order to solve

many problems simultaneously is unfamiliar.

Hence, the technology versions which can

easily be integrated in the existing struc-

tures are probably more successful.

This first analysis [7] might explain why 

the diffusion of NoMix technology among

wastewater professionals is rather slow.

Further studies are needed in order to better

identify those factors, which might cause 

a breakthrough for the NoMix technology.

This is why pilot projects demonstrating 

a successful implementation play a very

important role [11].

First Pilot Building with NoMix

Technology: Cantonal Library in

Liestal

For the first time in Switzerland, the NoMix

technology will be fully implemented in 

the cantonal library of Basel-Landschaft 

in Liestal. The installations for urine source

separation consist of NoMix toilets, a urine

collection tank and a computer-controlled

release of the urine from the storage tanks.

The pilot building is expected to be finished

in 2005. It offers ideal conditions to test the

innovative sanitary technology, because the

toilets will be visited by a mixed and inter-

ested public with a diverse socio-cultural

background. Based on the experiences

made here, guidelines for future construc-

tion purposes shall be defined [11].

On a smaller scale, the NoMix technology 

is already being tested in a series of other

projects: four apartments in a Swiss city

were equipped with NoMix toilets, and

EAWAG and the University of Applied Sci-

ences Basel (FHBB) are also testing differ-

ent types of NoMix toilets. These projects

are very important in order to identify the

flaws of the new technology and to explore

user attitudes with the help of question-

naire surveys. The experiences will lead to

recommendations for the further develop-
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interdisciplinary and trans-
disciplinary research and the
intersection of science and
practical application.
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possibilities of introducing a
sustainable urban wastewater
management.

Further information: www.novaquatis.eawag.ch
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ment of the NoMix technology by the sani-

tary industry. 

In conclusion, society seems to be open for

the new, unconventional NoMix technology

and the sanitary industry seems to be willing

to advance the technology. Therefore, the

crucial factor for a successful diffusion of

the NoMix technology is presumably its

acceptance by wastewater professionals.

Transition scenarios that can easily be inte-

grated into the existing system (version C,

Tab. 1) have good chances of being accept-

ed by all stakeholders – including waste-

water professionals. 
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Alternative Environmental Sanitation
Approaches in Developing Countries

Half of the world population does not have access to hygienic

sanitation systems. The conventional “top-down approaches” often

fail. Therefore, EAWAG together with an international group of

experts developed the “Household-Centred Environmental Sanita-

tion (HCES) Approach” which places the household in the centre

of the planning process.

The number of people around the world 

who still do not have access to adequate

water, sanitation, drainage and solid waste

disposal services is alarming (see box). This

worrying situation provides sufficient evi-

dence that past and current conventional

approaches to environmental sanitation are

unable to make a significant dent in the

service backlog which still exists. At the

same time, the world’s natural supply of

freshwater is subject to increasing environ-

mental and economic pressures. The situa-

tion is likely to worsen dramatically unless

determined action is taken. Continuing in-

creases of population and per capita water

demand, fuelled by improving economic

conditions, will further contaminate and de-

plete finite and often over-exploited sources

of water.

A new approach has been developed by

EAWAG in cooperation with international

leading experts to overcome the serious

lack of sanitation services, causing illnesses

and slowing the economic progress of hun-

dreds of millions of people in developing

countries: the “Household-Centred Envi-

ronmental Sanitation (HCES) Approach”. 

New Paradigm and Working

Principles are Needed

There is a need to challenge conventional

thinking. This must be done persuasively 

to the wider international water resources

and waste management community, as well

as among the broader community of eco-

nomic, social, and urban policy-makers.

The basis for this need is as follows:
� “Business as usual” cannot provide ser-

vices for the poor; the rapid rate of urbaniza-

tion poses particular problems of squalor,

human indignity, and threat of epidemic.

� “Business as usual” is not sustainable

even in the industrialized world; sewage and

drainage systems are over-extended and

the use of water of drinking quality to trans-

port human excreta is extravagant and

wasteful.
� Centralized systems designed and imple-

mented without consultation with, and the

participation of, stakeholders at all levels

are outmoded responses to public health

and environmental problems. Stakeholder

participation is vital.
� There is a lack of integration between ex-

creta disposal, wastewater disposal, solid

waste disposal, and storm drainage. Many

problems would be resolved by a new para-

digm that places all aspects of water and

waste within one integrated service delivery

framework.
� The increasing need for environmental

protection and freshwater savings requires

that waste water and wastes be recycled

and used as a resource. This must be

achieved within a circular system based 

on the household, community, and munici-

pality, rather than a linear system.
� The export of industrialized world models

of sanitation to environments characterized

by water and resource scarcity is inappro-

priate, and amounts to a continuation of

wrong solutions. 

In the light of these compelling arguments

for radical re-thinking, the so-called Bella-

gio Principles [1, see box], must be seen as

the underpinning basis for the new HCES

approach. This concept includes two com-

ponents: the Household-Centred Approach

and the Circular System of Resource Man-

agement. It offers the promise of overcom-

ing the shortcomings of “business as usual”

because its two components correct exist-

ing unsustainable practices of planning and

resource management.

Stakeholders at All Levels

Participate in the Planning

Process

The Household-Centred Approach is a rad-

ical departure from past central planning

approaches (Fig. 1). It places the stake-

holder at the core of the planning process.

Therefore, the approach responds directly

The Bellagio Principles

Meeting at Bellagio, Italy in February 2000,
an expert group brought together by the
Environmental Sanitation Working Group
of the Water Supply and Sanitation Col-
laborative Council (WSSCC) agreed that
current waste management policies and
practices are abusive to human well-being,
economically unaffordable and environ-
mentally unsustainable. They formulated
the following principles [1]:
1. Human dignity, quality of life and envi-
ronmental security at household level
should be at the centre of the new ap-
proach, which should be responsive and
accountable to needs and demands in the
local and national setting.
2. In line with good governance principles,
decision-making should involve partici-
pation of all stakeholders, especially the
consumers and providers of services.
3. Waste should be considered a resource,
and its management should be holistic and
form part of integrated water resources,
nutrient flows and waste management
processes.
4. The domain in which environmental
sanitation problems are resolved should 
be kept to the minimum practicable size
(household, community, town, district,
catchment, city) and wastes diluted as little
as possible.

� 1.1 billion people do not have access to
safe drinking water.

� 2.4 billion people do not have access to
proper sanitation.

� 50% of all solid waste is uncollected.
� No one knows how many people are

flooded out each year.
� 3 billion people have to survive on less

than 2 US$ per day.
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to the needs and demands of the user, rath-

er than central planner’s often ill-informed

opinions about them. It is based on the fol-

lowing principles:
� Stakeholders are members of a “zone”,

and act as members of that zone (zones

range from households to the nation). Par-

ticipation is in accordance with the manner

in which those zones are organized. 
� Zones may be defined by political bound-

aries (for example, city wards and towns) 

or reflect common interests (for example,

watersheds or river basins).
� Decisions are reached through consulta-

tion with all stakeholders affected by the

decision, in accordance with the methods

selected by the zone in question (for exam-

ple, votes at national level in a democratic

system, town hall meetings at local level, or

informal discussions at neighborhood level).
� Problems should be solved as close to

their source as possible. Only if the affected

zone is unable to solve the problem should

the problem be “exported”, that is, referred

to the zone at the next level.
� Decisions, and the responsibility for im-

plementing them, flow from the household

to the community to the city and finally 

to the central government. Thus, individual

households determine what on-site sanita-

tion they want; together with other house-

holds, they decide on the piped water sys-

tem they want for their community, together

with other communities, they determine

how the city should treat and dispose of 

its waste water. Policies and regulations are

determined by central government, with im-

plementation delegated to the appropriate

levels flowing towards the household.

Recycling and Reuse of

Resources is Fundamental

The Circular System of Resource Manage-

ment (Fig. 2) is an important principle of the

HCES approach. It aims at minimizing waste

transfer across circle boundaries by reduc-

ing waste-generating inputs and maximum

recycling/reuse activities in each circle. In

contrast to the current linear system, the

Circular System of Resource Management

emphasizes conservation of resources, and

the recycling and reuse of resources. Re-

sources in the case of environmental sanita-

tion are water, goods used by households,

commerce and industry, and rain water. The

circular system practices what economists

preach: waste is a misplaced resource.

Implications of Applying the

HCES Approach

Implementation of the HCES approach re-

quires stakeholders within the zone to plan

and implement environmental sanitation in-

frastructure and service delivery in a sus-

tainable way. The approaches that should

guide them in arriving at such sustainable

solutions within each zone include some or

all of the following [2]: 
� Water demand management: in order to

minimize wasteful use of water, and so re-

duce the need for new source development

and limit the production of waste water.

Fig. 1: The household at the core of the planning process. The HCES approach attempts to avoid the problems
resulting from either “top-down” or “bottom-up” approaches, by employing both within an integrated framework.
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Fig. 2: The Circular System of Resource Management: Minimizing imports and maximizing recycling and reuse
within boundaries.
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About 40% of the world population do not have access to proper sanitation.

� Reuse and recycling of water: in order to

minimize the need for wastewater collec-

tion, treatment and disposal. 
� Solid waste recycling: in order to reduce

the burden of collecting and disposing of

solid wastes.
� Nutrient recovery: either at the household

level (for example, ecological sanitation), or

on a wider scale (for example, urban agri-

culture).
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The ten typical steps involved in developing

and implementing an HCES program are

presented in sequence (Fig. 3), but in prac-

tice they will usually overlap. Some steps

may need to be repeated more than once in

an iteration to find acceptable solutions,

and they will always need to be undertaken

bearing in mind the concerns of the munici-

pality as a whole.

The provisional guideline will be tested in

selected projects, which will be subjected 

to careful monitoring and evaluation. That

process will not only test the provisional

guideline and reveal areas which need to be

improved; it will also bring out the topics

which need to be particularly stressed dur-

ing implementation, and the issues which

are likely to arise.

Projects based on the HCES approach will

take more time to develop than single-sec-

tor, capital-intensive projects. The invest-

ment in development is justified, as the

HCES approach offers the one result that

previous approaches have been unable to

achieve: sustainability. 
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Enabling environment

1. Request for assistance.

2. Launch of the planning and consultative
process.

3. Assessment of current status of UESS*.

4. Assessment of user priorities.

5. Identification of options.

6. Evaluation of feasible service
combinations.

7. Consolidated UESS* plans for the study
area.

8. Finalizing of consolidated plans.

9. Monitoring, (internal) evaluation and
feedback.

10. Implementation.

The 10-Step process

Government

Legal
Credit and Institutional

Required

other financial

support

Framework arrangements

skills

arrangements

Fig. 3: The two main components of the provisional guideline for the implementation of the HCES approach: 
the enabling environment and the 10-step process. *UESS = Urban environmental sanitation services.

� Improved rainwater management: reduc-

ing runoff by local measures, including

detention and treatment, and the reuse of

storm water to benefit the community.
� Strong emphasis on intermediate tech-

nologies: so as to encourage household-

and community-level construction, opera-

tion and management of facilities, and per-

mit reuse and/or disposal at the local level.
� Institutional arrangements and mecha-

nisms: that stress the involvement of the

users, encourage the participation of the

private sector, facilitate cooperation across

zone or sub-zone boundaries, and ensure

the provision of technical assistance across

zone boundaries where needed. 
� Economic analysis procedures: that clear-

ly illustrate the economic benefits of good

planning as well as the consequences of

sub-optimal development.
� Effective and sustainable financial incen-

tives: to encourage the adoption of eco-

nomically-desirable alternatives.
� Financial procedures: that determine

whether problems should be solved within

the zone itself, or whether a joint solution

should be selected to serve more than one

zone. 
� Cost recovery practices: (predominantly

user charges in Zones I and II; tax revenues

elsewhere) that ensure financial viability, are

socially equitable, and promote the “circular

system” and the productive use of “waste”.

Guideline for Implementing 

the HCES Approach

Successful implementation of the HCES

approach requires the dissemination of in-

formation and assistance to those respon-

sible for improving environmental services.

Therefore, provisional guidelines were pre-

pared which are mainly targeted at munici-

pal planners (especially those responsible

for planning urban environmental services)

and civic officials, such as mayors and city

managers [3]. These are the people who will

initially have to take the decisions on

whether and how to apply HCES, who will

implement and support the process, and

who will be responsible to their citizens for

the results. The guideline is intended to

assist them to understand the HCES ap-

proach, to apply it in their own context, and

to be able to explain it to the user com-

munities. The provisional guideline provides

specific assistance for the development 

and implementation of the HCES approach.

It comprises two sections dealing with 

the creation of an “enabling environment”

and the procedure to go through a 10-step

process. 

An “enabling environment” is important for

the success of any investment program, but

it is especially vital when applying an inno-

vative approach, such as HCES. Most of 

the critical elements (Fig. 3) should be iden-

tified or become evident during the program

development process. Ideally, they should

be identified, at least in broad terms, prior to

the program launch so that the entire proc-

ess does not start off with misunderstand-

ings. It is essential that they are recognized

before or during the identification and eval-

uation of options at the latest, since if these

critical elements cannot be assured, then

some of the options may not be feasible.
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During rainy periods, only some of the waste water runs through

treatment plants. In combined sewer systems, the excess flow 

is discharged directly or, after some simple treatment, into sur-

face waters. Until recently, planning for these overflow structures

has been based on unspecific problem criteria and empirical meth-

ods. In order to improve water protection and cost efficiency,

environmental factors and uncertainty assessments will increas-

ingly become incorporated into the planning and decision-making

processes.

There is rarely another problem that is simi-

lar in complexity and that exhibits dynamic

and stochastic like that of the discharge of

sewage into surface waters during rain

events. This is especially true for the rainfall

runoff from towns and villages, because 

in urbanized areas, the majority of the rain

water cannot infiltrate the soil and so has 

to be removed through the sewer system. 

In the combined sewer system, which rep-

resents the majority of systems in Switzer-

land, rainfall runoff mixes with domestic and

industrial sewage, is treated in the waste-

water treatment plant, and is subsequently

discharged into streams and lakes. During

intense rain events, the treatment plants are

not able to process the entire discharge of

waste water. This is because the treatment

plants are, for various reasons, designed to

treat no more than twice the water flow

occurring during dry weather (≈ equivalent

Tab. 1: Relationships between problems caused by wastewater discharge during rain events, the nature of these problems, and possible remedies. This table shows some
selected examples.

Urban area, sewer system

Streams and lakes

Locality of
manifestation/problem 
and potential effects

Frequent and long-lasting
combined sewage overflow

Frequent and long-lasting
combined sewage overflow

Aesthetic impacts: affecting
well-being of humans

Colmation of the stream bed:
oxygen deficit in the stream
bed and in the interstitial
spaces of the hyporheic zone

Public health: increased
infection risk

Hydraulic impact: drifting or
elimination of organisms

Acute problems (toxicity, NH3,
O2): damage to or elimination
of organisms 

Eutrophication: damage to
organisms

Chronic toxicity: damage to
organisms

Potential causes

Infiltration and minimally con-
taminated water in combined
sewer systems

Malfunction of the overflow
structures

Discharge of gross pollutants
(toilet articles, etc.), odors,
dyes

Solids in waste water, dis-
charge of easily degradable
particulate contaminants

Discharge of bacteria,
pathogens

Sediment transport and high
flow velocity caused by sewer
discharge

Discharge of toxic com-
pounds, unnaturally low water
levels, high pH values, high
temperature in streams

Input of nutrients

Input of heavy metals,
pesticides, hormonally active
compounds, etc.

in urban areas

Separate collection of rainfall
runoff, soil infiltration

Retention of domestic or
industrial waste water

Reduction of deposits in the
sewer system

Unsealing, utilization of rain
water, retention, infiltration

Storage of domestic or indus-
trial waste water

Source control

Source control

in urban drainage

Reduce collection of clean
water

Adjustment of the outflow
regulation 

Screens /sieves

Removal, treatment (e.g.,
sedimentation, vortex sepa-
rators), optimization of oper-
ation

Relocation of discharge point,
storage, real time control 

Relocation of discharge point,
storage, real time control 

Relocation of discharge point,
storage, real time control,
treatment 

Storage, real time control 

Treatment (e.g., soil filters,
phys.-chem. treatment,
wastewater treatment plant)

in the stream or lake

Warning, temporary ban on
bathing 

Profile modifications, sub-
strate improvements (creation
of refuge space)

Shading by trees and other
plants, improvements of the
hydraulic regime

Shading by trees and other
plants

Examples of possible measures 

Project STORM – Wastewater
Discharge During Rain Events



EAWAG news 57 22

to rainfall runoff during weak rain events).

During intense rain events then, a fraction 

of the combined sewage is discharged

directly into surface waters, mostly without

any kind of treatment. 

Protecting Surface Waters

from Sewage Discharge

One possible strategy for protecting surface

waters from receiving sewage discharge

during rainy periods is to collect the rainfall

runoff separately; such a separate sewer

system would then only discharge rainfall

runoff into streams and lakes. At first

glance, this solution appears to make

sense, although it is not without its prob-

lems. Rainfall runoff originating in urbanized

areas is usually more or less polluted, with

roofs and streets serving as the main

sources of contaminants. It is, therefore,

more common that combined sewer sys-

tems are supplemented by overflow tanks

[1]. These tanks can temporarily store the

combined sewage overflow before it is fed

into the treatment plants. The main advan-

tage is that this prevents many negative

impacts on surface waters by solid waste

(toilet paper, tissues, toilet articles), which

are highly problematic for esthetic and pub-

lic health reasons (Tab. 1) and can remain

visible for months. Thus far, Switzerland 

has invested 2 billion CHF into the construc-

tion and operation of such overflow tanks.

In separate sewer systems, rainfall runoff 

is normally not treated in any way. Many

surface waters are, therefore, still receiving

polluted rainfall runoff, either from separate

or from combined sewer systems. In the

mid-term, we should anticipate additional

investments of approximately the same

order of magnitude as that which has been

spent until now.

Since the overall goals remain optimization

of water protection and the most efficient

use of available financial resources, we need

to plan for dealing with rainfall runoff drain-

age issues according to new criteria. This

task is the focus of the project “STORM –

Wastewater Discharge During Rain Events»,

a joint undertaking by the Swiss Agency for

the Environment, Forests and Landscape

(SAEFL), the Swiss Water Pollution Control

Association (VSA), and EAWAG. This article

summarizes some early results.

New Principles in the 

Planning Process

Immission-oriented approach: Until now, the

general approach has been to consider

rainfall runoff discharge from an emissions

standpoint; that is, the main concern is

about the pollutant types and loads that 

are discharged from sewer systems into

surface waters. The conditions and specific

properties of the receiving streams or lakes

are considered only at a very rudimentary

level. We propose to shift any future plan-

ning – as far as our knowledge allows us 

– towards an immission-oriented approach

(see box), where we take the characteristics

of the specific stream or lake into consider-

ation. 

Tailored solutions based on effect progno-

sis: Unfortunately, past solutions for waste-

water drainage during wet weather were not

evaluated for their environmental effects. It

is, therefore, difficult to assess how effec-

tively aquatic communities are being pro-

Tab. 2: Relevance of specific problem areas in wastewater discharge from combined sewer systems and the discharge of rainfall runoff from separate sewer systems. An entry
of “No” indicates that that particular aspect is not relevant for the corresponding water type; for example, public health aspects are not relevant in small streams since humans
do not normally use these streams for bathing.

1 Acute toxicity due to ammonia
2 TSS = total suspended solids 
3 e.g., hormonally active compounds, aromatic and polychlorinated hydrocarbons, etc.
4 According to problem identification

Type of water body

Spring

Small lowland stream

Small stream in lower Alps

Large lowland stream 

Large stream in lower Alps

Larger streams

Small lake (pond)

Large lake

Aesthetics

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Public health
(pathogens)

No

No

No

Yes

Yes

Yes

Yes

Yes

Temperature

Yes

Yes

Yes

Possibly4

Possibly4

No

No

No

Mechanical
and hydraulic
stress

Yes

Yes

Yes

Possibly4

Possibly4

No

No

No

Ammonia1

Yes

Yes

Yes

Yes

Yes

No

No

No

TSS2

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Nutrients

No

No

No

No

No

Yes

Yes

Yes

Other
compounds3

Currently 
no reliable
information
available

Chemical parameters

Possible remedies (from left to right): rotating brush – sieve with cleaning spiral blades – screen – underground combined sewage overflow tank – above ground combined
sewage overflow tank, integrated into the landscape (bottom).
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tected from negative effects of wastewater

discharge by the currently existing overflow

tanks, particularly during critical periods.

For this reason, we recommend that any

future plan be accompanied by a detailed

prognosis enumerating the specific effects

of the plan. This should allow us to devise

tailored solutions that take into account all

specific and local conditions.

Consideration of planning uncertainties:

Whenever a system like urban drainage is to

be represented by a model, simplifying as-

sumptions have to be made. These assump-

tions give rise to a number of uncertainties.

Since the water itself is also described by 

a number of parameters that must be con-

sidered in the planning process, this creates

additional uncertainties. Some of these

assumptions or uncertainties are:
� The model structure: Is the model accu-

rate enough to represent the system? Are

the calculated demands for water discharge

during rain events reasonable and realistic?
� Empirically determined model parameters

(e.g., pollutant concentrations, temperature,

etc.) are subject to measurement errors. 

� Certain model parameters exhibit a high

degree of variability (e.g., precipitation in-

tensity, duration and frequency, flow rate in

streams).

These uncertainties have to be identified

during the effect prognosis, which is accom-

plished with the use of stochastic-proba-

bilistic modeling (Fig. 1). Uncertainties can

either be accepted, or the planning can

yield a step by step solution. This means

that initially a limited amount of money is

invested in smaller measures which are then

tested for a certain amount of time. Expe-

riences from this phase feedback into the

effect prognosis, leading to a more refined

and optimized solution. This approach is

obviously closely linked to financial re-

sources.

Uncertainties
in parameters

Observation
of the real system

Stochastic-
probabilistic

model

Frequency (%)
100

30

0

Critical
event

Probability

80

20

x

f(x)

Frequency (%)

Variability of
the stress
factor, e.g. rain

Deterministic
model

Answer, e.g. discharge

Frequency (%)
100

60

30

0

Critical
event

A

B

C

Variability of
the stress
factor, e.g. rain

Variability of
the stress
factor, e.g. rain

Result

Frequency of critical
events
= 1– 0.3 = 0.7 (= 70%)

Answer, e.g. discharge

Probability density
function

Answer, e.g. discharge

Frequency (%)
100

80

20

0

Critical
event

Frequency of critical
events
= 1– 0.6 = 0.4  (= 40%)

Fig. 1: Planning tools for estimating the probability of critical events during rain events. Critical events are defined
by predetermined requirements; exceeding a certain discharge where sediment transport begins would be an
example for such a critical event.
A: The frequency of critical events is determined from observations on real systems. Dashed line = cumulative
frequency curve for the observed event. For comparison, this curve is also plotted in B and C.
B: The frequency of critical events is calculated in a deterministic model where variability in rainfall is included 
in the model calculations. Due to uncertainties that were not included in the calculations, reality (A) and the calcu-
lated curve are not identical.
C: The new stochastic-probabilistic model can calculate the probability of a certain frequency of critical events.
The computer calculation incorporates rainfall variability as well as uncertainties in other parameters. The fre-
quency with which critical events occur lies in a certain range, between 20% and 80% in the example shown here.
All values for x = frequency of critical event enter the probability density function x = f(x).

The Immission Oriented Approach

In contrast to the emission approach, which only takes into account the pollutants that are
being discharged with the combined sewer overflow and storm water, the immission approach
represents an integrated way of analyzing the problem and considers any type of impact as 
well as properties of the receiving water body. Relevant parameters are those that allow the
assessment of stream conditions during critical periods:

� the type of impact (Tab. 1);

� the intensity of the impact, e.g., pollutant concentrations (chemical), concentrations of
pathogens (public health), temperature changes (physical), and discharge or sweeping force
(mechanical);

� the duration of the impact;

� the frequency of events;

� seasonal restrictions or deviations;

� characteristic properties of the stream or lake being affected (Tab. 2), e.g., type of water body
(spring, lowland stream, lake), properties (discharge, nutrient concentrations, species diver-
sity), condition (natural/modified, sensitive/non-sensitive).
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Planning of additional measures: Until now,

planners have primarily considered com-

bined sewage overflow tanks to deal with

problems related to water pollution control

during wet weather. There are, however, a

range of other solutions that may be cheap-

er (Tab. 1) and should be considered as well.

In order to promote these principles in the

planning of new projects, STORM is aiming

to provide the following tools:
� a compilation of the demands on waste-

water discharge during rain events, based

on requirements that also include charac-

teristics of the surface water receiving the

discharge;
� a methodical concept for the planning and

design of specific measures;
� a computer model than can predict uncer-

tainties contained in the planning process

[2, 3].

With the help of these tools, it should be-

come possible to formulate new guidelines

for combined sewer overflow and storm-

water discharge in Switzerland.

How Does the New Planning

Concept Work?

We would now like to present a simple ex-

ample to illustrate how these new principles

can contribute to the planning process. Let

us consider a small stream that is already

protected from wastewater discharge by an

overflow tank; however, this tank is not large

enough to prevent wastewater discharge

even during moderate rain events. During

minor rain events, the impact is primarily an

increase in pollutants, while the hydraulic

impact is the main problem during stronger

rain events. During the general planning

stage, we first identify the problems and

document a need for remediation. Investi-

gations reveal that the primary problems

during discharge of the combined sewage

are increased ammonia loads and higher

sediment transport. According to VSA rec-

ommendations [4], this yields the following

discharge requirements:
� the critical ammonia load may be ex-

ceeded only once in a 5 year period,
� the critical (sediment transporting) flow

may be exceeded no more than 10 times

per year.

For this example, we will model three differ-

ent alternatives:
� Scenario 0 = status quo with a basin

volume of 120 m3 and annual costs of

12 000 CHF.
� Scenario 1 with an expanded overflow

basin of 520 m3 and annual costs of

29 000 CHF.
� Scenario 2 with an expanded overflow

basin of 1320 m3 and annual costs of

47 000 CHF.

We are using a stochastic-probabilistic

model. In order to assess uncertainties,

model parameters are not represented (as 

is usual) by a single value, but by a range 

of values and a distribution function. For

example, pH values range between 7.8 and

8.3 and exhibit a log-normal distribution; the

discharge coefficient varies randomly and is

equally distributed in the range of 80–120%

of the expected value. With the exception of

a small number of parameters, where more

certain values are available, all parameters

are described in this fashion. In preparation

of the Monte Carlo simulation, random sets

of parameters were selected, where the

parameter values were chosen from within

their predetermined range. For each set of
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Fig. 2: Cost efficiency of different remedies (scenario
0 = status quo: A0/H0, scenario 1: A1/H1, scenario 2:
A2/H2; for a detailed description of scenarios, see
text). A: ammonia, H: hydraulic impact (sediment
transport).

parameters, long-term simulations were

calculated with the same 10-year rain series

(Fig. 1).

The simulation showed that there is only a

48% probability that scenario 0 can fulfill

the riverbed erosion requirement; even in

scenario 2, this probability only increases 

to 60% (Fig. 2). The requirement of ammo-

nia loads, however, can be satisfied with

nearly 100% probability in scenario 2.

These fairly well defined probabilities for

meeting certain requirements provide an

additional tool in the decision making proc-

ess. Planners and decision makers can opt

for a relatively expensive alternative, maxi-

mizing the probability for meeting the dis-

charge requirements, but taking the risk 

of possible over-investment. Alternatively,

they could choose a dynamic approach, i.e.,

make a lower investment by building a

smaller basin, while conducting further

investigations and thereby reducing uncer-

tainties.

This example illustrates that the stochastic-

probabilistic approach to the planning

process requires a different kind of commu-

nication (e.g., in the handling of uncertain-

ties) than the traditional planning process.

While this approach yields better informa-

tion, it is also more demanding of the par-

ticipants.
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Tab. 1: Classification of urban surfaces according to their pollution potential.

As a result of the decision made in the nineties to install sepa-

rate stormwater drainage for settlements, our current methods of

wastewater disposal will change considerably in future years and

decades. There is, however, more and more evidence that also

rain water carries a certain pollutant load. In order to find suitable

measures for the protection of the environment, sources, concen-

trations and hydraulic dynamics need to be well characterized.

This article introduces instruments for the reduction of substantial

load and first steps of their implementation.

Most of the rain water in Switzerland is still

collected in combined sewer systems. Rain

water is therefore mixed with waste water

from households and industries before it is

treated in a sewage treatment plant and

eventually discharged into receiving waters.

The early nineties brought about a proc-

ess of rethinking. The detour via treatment

plants was considered not to be appropriate

for the less unpolluted rain water, which

should rather be infiltrated on site or be

discharged separately from waste water. In

the meantime, however, it has become clear

that rain water carries pollutants and that

the earlier assessment was too optimistic,

especially in case of runoff from impervious

surfaces such as roofs and roads. Appro-

priate measures for the prevention of water

pollution and the protection of soils and

sediments must be based on knowledge 

of the substances carried by rain water and

their behavior in the environment. Therefore,

EAWAG is involved in various projects deal-

ing with sustainable urban stormwater man-

agement. This article gives an overview of

current research projects and introduces

possible measures.

The Properties of Surfaces

Count

Surface runoff originates from a diversity of

surfaces consisting of many different mate-

rials which is why any effort to assess the

properties of surface runoff for every single

possible case is impractical. Nevertheless,

in order to cover a maximum number of

situations, urban surfaces are classified

according to their specific pollution poten-

tial (Tab. 1), a vital step in order to provide 

a practical instrument for the user. Accord-

ingly, public authorities and professional

associations have worked out a number of

guidelines during the last few years, such as

the recommendations on “Water protection

in drainage of traffic routes” and the guide-

line on “Stormwater management” [1, 2].

Traffic routes (roads, aerodromes and rail)

cover roughly 60% and roofs approxi-

Indication of pollution potential in surface
runoff

Good and efficient retention of water and con-
taminants on the roof.

Contamination similar to rain water. Slow accumu-
lation of pollutants in infiltration sites.

Rapid accumulation of heavy metals in infiltration
sites. Heavy metal adsorbents are recommended
for roofs with metal areas of 20–50 m2.

The protection of soil and water requires treat-
ment of the surface runoff from these roofs. The
following areas are considered as heavily polluted:
a) in case of infiltration >50 m2

b) in case of direct discharge >500 m2.

Low pollution potential under normal use. Partial
biodegradation of organics where areas are per-
meable.

Loss of fuel, contaminants from maintenance
work, shipment and storage may lead to soil and
groundwater pollution.

Increased soil and groundwater pollution potential.
If made permeable, some organics may be bio-
degraded in top soil.

Pollution potential depending on traffic volume,
types of vehicles, way of driving and maintenance.
Perpendicular to the road, contaminations with
heavy metals and PAH (polycyclic aromatic hydro-
carbons) mostly decrease with increasing distance
from the road.

Classification
of pollution

low

low

medium

high

low

medium

medium to high

depending on
traffic volume

Toward Sustainable 
Urban Stormwater Management

Surface

Roofs and green areas

Green areas and green roofs
without pesticide containing
linings

Roofs of mainly inert materials
and low metal content, glass
roofs, terraces

Roofs of mainly inert materials
and usual degree of metal
containing installations such as
Cu, Sn, Zn and Pb

Roofs with higher content of
metal sheets from Cu, Sn, Zn, Pb

Parking lots, driveways and roads

Driveways, private and public
parking in residential areas,
bicycle tracks, pavements, small
roads without high traffic densitiy

Shipment and storage space and
working areas with handling of
hazardous substances

Public parking with high traffic
density (e.g. shopping centers)

Roads



Para-
meter

Reference

pH 

TOC

DOC

TSS

NO3

Ca

Pb

Cd

Cu

Zn

PAH

Atrazine

Mecoprop

Unit

mg C/l

mg C/l

mg/l

mg N/l

mg/l

µg/l

µg/l

µg/l

µg/l

µg/l

ng/l

ng/l

Green 
roof

EAWAG 

6.7–7.5

4–20

–

–

1–2

20–60

6–15

u.E.g.

5–10

u.E.g.

–

–

–

Gravel 
roof

EAWAG 

5.5–7.9

5–10

3–10

2–5

2–5

10–25

2–10

0.05–0.1

15–25

10–40

–

100

1500–5000

Tile roof 
with metal
installations

EAWAG 

5.5–7.5

5–15

2–14

15–40

0.3–0.7

1.5–2.5

10–70

0.1–0.5

100–300

50–200

–

100–1600

–

Metal roof
from Cu,
Zn, Pb

EAWAG 

–

–

–

–

–

–

5000–7000

–

800–2000

1000–4000

–

–

–

Motorway

EAWAG

7.0–7.5

10–20

5–10

150–250

6

–

300

4.5

150

500

3

–

–

Urban roads

Xanthopoulos
& Hahn [10]

6.4

–

12

560

0.6

–

311

6.4

108

603

3.1

–

–

Tab. 3: Weight mean concentrations in different runoffs from roofs and roads. 
TOC = total organic carbon, DOC = dissolved organic carbon, TSS = total suspended solids, PAH = polycyclic aro-
matic hydrocarbons.
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waste water. A study on metals currently

used in roof construction showed that 30%

of all metal materials are zinc and 70% cop-

per. The equivalent is a per capita amount of

2.9 m2 of copper sheet.

Pollutants from Roofs 

and Roads

At present, EAWAG, working together with

the Laboratory for Water Protection of the

Canton Berne and the Technical College in

Burgdorf, examines the behavior of different

model roofs during rain weather. A gravel

flat roof as reference roof, four green flat

roofs, a tiled roof with copper installations

and two metal roofs made of copper titani-

um zinc and tinned copper sheet are being

probed simultaneously (Fig. 1). Furthermore,

the runoff from the metal roofs is collected

and deviated over an adsorbing filter in

order to test its retention capacity. Not sur-

prisingly, the roofs with metal components

show higher rates of copper and zinc

drainage (Fig. 2). However, more than 97%

of the metals are retained by the adsorbent.

In two other projects, the project team in

Burgdorf analyses the runoff and the further

fate of contaminants from a highly frequent-

ed road (Fig. 3). On one hand, runoff from

the road is led over three differently com-

posed adsorbents. First results show that

the most efficient of the three filters retains

more than 95% of copper and zinc from 

the road runoff. On the other hand, a road

shoulder which has been subject to traffic

for 30 years is investigated in order to gain

information on transport and accumulation

of specific traffic induced contaminants in

the soil, as well as ideas on the construction

of future road shoulders.

The concentration of pollutants varies con-

siderably depending on the surface and the
Tab. 2: Contaminants in stormwater runoff from roofs
and roads.

Fig. 1: Model roofs examined by EAWAG.
Fig. 2: Average copper, zinc and TOC-concentrations in the runoff of the examined
model roofs. TOC = total organic carbon.
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Contaminant

Cu, Zn, Pb, Sn

Pesticides
(e.g. Atrazine)

Pesticides
(e.g. Mecoprop)

Pb, Ni, Co, Pt, Pd, Rh,
PAH, MTBE

Cu, Cr, Ni, Pb, Zn, Fe

Zn, Pb, Cu, Cr, Ni, Cd

Ni, Mn, Pb,Cr, Zn, As,
PAH

Pesticides, salts

Source

Roofs

Metal installations,
sheets, facades

Atmospheric washout

Flat roof linings
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mately 30% of the impervious surfaces in

Switzerland. Therefore, the main focus has

to be on pollutants emitted from these sur-

faces (Tab. 2). Table 3 shows the average

concentration of pollutants for different

roofs and roads.

Heavy metals washed off roofs are predom-

inant in the total runoff from settlements.

Depending on the catchment, copper emit-

ted from roofs, e.g., can form a fraction of

30–60% of the total copper load in urban



Fig. 3: Connection of the road runoff with the test facility.
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Fig. 4: First flush patterns of different pollutants in roof runoff. 
Atrazine and Mecoprop are pesticides. TOC = total organic carbon.

Fig. 5: Accumulation of copper in the sediments of the bay of Lausanne as a result 
of wastewater discharge.
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Vidy beach

Discharge from waste-
     water treatment plant

Chamberonne

duration of a rain event. Especially at the

beginning of a rain event, during the so-

called “first flush”, great amounts of pollu-

tants are carried away (Fig. 4) [3]. However,

there are also substances which only be-

come mobile after a longer duration of rain-

fall, such as the pesticide Mecoprop, used

in insulation sheets of flat roofs. It only dis-

solves after the roof has been sufficiently

moistened (Fig. 3).

Effects of the New

Stormwater Management

The new pathways for stormwater runoff 

are clearly defined in Swiss legislation and

guidelines. The priorities are: 1. decentral-

ized infiltration, 2. direct discharge into

surface waters, and 3. discharge into com-

bined sewers. Furthermore, there is an in-

creasing interest in the further use of storm

water [4].

Yet, whatever pathway the storm water

takes or how it may be used, the pollutants

contained cause increasing pollution of

soils, sediments and surface waters. One

example are the copper concentrations in

sediments of Lake Geneva near Lausanne,

which clearly document how discharge

from combined or separate sewer systems

pollute the environment (Fig. 5) [5]. At the

discharge site, concentrations of more than

500 mg copper per kg sediment can be

measured. A parallel study at the same site

revealed that the plankton is also highly

affected by the wastewater discharge [5]. 

As the new directives for urban stormwater

drainage are mainly applied for renovated 

or new buildings, the new stormwater man-

agement will only be implemented step by

step during the next decades. Hence, there

is sufficient time for the necessary develop-

ment of innovative measures which guaran-

tee pollution of the environment by storm-

water discharge be reduced to a minimum.

In general, there are two ways of controlling

the runoff quality: source control and the

development of barrier systems.

Source Control

The key to advances in sustainability is the

control of pollutant emissions at the source.

This is possible by means of legislation,

economical incentives and voluntary renun-

ciation which will normally lead to a prac-

ticable long term solution. However, as pol-

lutants accumulate in soils and sediments

very slowly, environmental effects will only

become visible after decades. Therefore,

there is only restricted political awareness

and as a result restrictions on a legal basis

are barely feasible. Yet, information and

education of stakeholders with respect to

environmental and ecotoxicological issues,

guidelines for the use of building materials

for houses, roads and motor vehicles, as

well as the perception of the public for

certain environmental problems should be

promoted. A very positive example in this

context is the recommendation for archi-

tects and clients given by the Swiss federal

coordinating authority for building and real

estate on “metals for roofs and facades”

which facilitates the choice of environmen-
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tally harmless metals for the cladding of

buildings. Copper, zinc and lead are iden-

tified as most hazardous substances and

alternatives are shown [6].

Setting up Barriers

Despite increasing efforts into source con-

trol, one must be aware that large amounts

of undesirable materials are currently in-

stalled in buildings and that it will take

decades to replace them by more environ-

mentally friendly materials. Until this goal

has been reached, the emission of heavy

metals caused by corrosion and of organic

micropollutants will steadily increase. In

order to avoid further spreading, specially

designed barrier systems are needed,

which ensure the best possible protection

of waters, soils and sediments. Setting up

barriers to the transport of certain sub-

stances is a technical option to divert, sep-

arate or concentrate pollutants. However,

barrier systems do not achieve a 100%

elimination of substances. At present, infil-

tration into natural soils and passage

through granulated adsorbents are sug-

gested barrier systems. 

Natural soil passage: Natural soils with

sufficient permeability are suitable for the

retention of pollutants. The soil material is

usually available on site and can be used 

in infiltration basins. Various investigations

have shown that retention of pollutants

occurs mainly in the top 30–50 cm of the

soil. Being not degradable, they accumulate

over a long period of time and the permit-

ted pollutant limits given by legislation will

sooner or later be exceeded. The drawback

of soil passage is that a natural good is used

for the retention of contaminants and there-

fore turns into hazardous waste. Remedia-

tion or deposition of such soils is necessary

at the latest when infiltration basins are de-

constructed.

Artificial adsorber systems: Because spe-

cial adsorber layers have significantly high-

er retention capacities, the volume of pollut-

ed soils can be reduced and the efficiency 

is higher than that of natural soils. Various

laboratory and pilot studies at EAWAG and

first major installations have shown that the

adsorber systems serve their purpose [7].

Among different media proposed as ad-

sorbing layers, granulated iron-hydroxide

has proven to be especially suitable for the

removal of heavy metals (Fig. 6). Compared

to natural soils, the adsorption capacity

achieved with this material is ten times

higher, thus eventually reducing deposition

volumes. 

Because of this excellent performance, the

guidelines of the Swiss Water Pollution

Control Association demand adsorber sys-

tems of different types for the infiltration of

runoff from roofs with copper and zinc sur-

faces of over 50 m2 and for direct discharge

from roofs of more than 500 m2 [2].

Blue-green Environments

Traditionally, efforts have been made to 

hide the stormwater drainage underground.

Today, architects and engineers are called

upon to integrate the rain water into so-

called blue-green environments and thus

make it visible. The new technical systems

for stormwater management may be de-

signed in a way that the desired tasks as

retention, contaminant barrier, infiltration

and direct discharge can be combined in a

creative manner and also fulfill aesthetic

requirements when integrated in settle-

ments. Green roofs, open channels, small

creeks, ponds, reed beds and other planted

units may become elements of landscaping

which accompany the rainwater until infil-

tration, direct discharge or reuse [8, 9].

Challenge for Engineers,

Scientists and Inventors

The implementation of the new ideas on

stormwater handling will take decades.

Renovation of the stormwater drainage sys-

tems may be considered as part of a more

integral development of urban water con-

cepts where changes in water supply and

wastewater management should take place

simultaneously. An important element is the

separation of water fluxes from settlements

according to their quality. Dual systems for

water supply (separation of drinking water

and service water), the separation of waste-

water fluxes into grey and black water, urine

separation, nutrient management at the

source as well as dry toilets and other alter-

natives of sanitation facilities are currently

studied in science and practice. The new

urban water concepts challenge engineers,

scientists and inventors to study and intro-

duce innovative technologies and solutions,

thus increasing sustainability in future urban

water management.
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Fig. 1: Schematic representation of an experiment 
for quantifying exfiltration.
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Urban sewer systems are subjected to constant stress by traffic

and soil movement. Combined with natural fatigue of materials,

these conditions lead to damage to underground pipes, causing

exfiltration of sewage into the ground water as well as infiltration

of ground water into the sewer pipes. EAWAG is currently devel-

oping a new method to quantify these processes by using both

natural and artificial tracers, which will help us in planning more

efficient remedial action.

Although urban sewer networks are built for

longevity, damage occurs over time and

systems inevitably develop leaks. If such

leaks are situated below the groundwater

table, clean ground water may infiltrate

sewer pipes; but if the leak lies above the

groundwater table, raw sewage may exfil-

trate into the surrounding soil.

Exfiltration of raw sewage from leaking sew-

er pipes is considered to be a serious threat

to humans and the environment since it can

directly impact drinking water [1]. Infiltration

of ground water is a problem as well, since

sewage is diluted and wastewater treatment

plants receive an unnecessarily large hy-

draulic load. Neither situation is normally

recognized until they reach rather serious

proportions. This is mainly due to the fact

that sewer pipes are located underground

and that these processes are, for all practi-

cal purposes, invisible. Traditional monitor-

ing techniques are very labor-intensive and

yield rather imprecise results (see box).

For this reason, EAWAG is developing new

methods for the measurement of water infil-

tration and exfiltration. This project is part of

a larger European research project, APUSS

(Assessment of the Performance of Urban

Sewer Systems) which was initiated in 2001

and aims to assess the condition of urban

sewer systems based on infiltration and

exfiltration of water. Methods developed as

part of this project will aid in designing more

efficient remediation plans for urban sewer

systems.

The new methods use both natural and

artificial tracers (see box on p. 30); by mea-

suring increases or decreases in the amount

of a given tracer, we can calculate the

amount of water entering and leaving the

sewer system.

Exfiltration Measurements 

with Artificial Tracers

Exfiltration is measured by employing artifi-

cial tracers that are added to the sewage

(see box on p. 30). If the sewer system is

leaking, part of the added tracer will be lost

with the leaking sewage. This loss is direct-

ly linked to exfiltration; for example, if 10%

of the tracer is lost, it can be concluded that

10% of the sewage is leaving the pipe in

that particular section of the sewage system

[2]. The operating principles of this method

are summarized as follows (Fig. 1):
� The tracer is added at two points: at the

beginning (indicator signal) and at the end

(reference signal) of the section to be test-

ed. The indicator signal is attenuated by

exfiltration, indicating whether or not water

is leaving the pipe. The reference signal is

not affected by exfiltration; it merely serves

to quantify the diminution of the indicator

signal. It is important in making these mea-

surements that the tracer and the sewage

are completely mixed.
� If the tracer is dosed in slugs, a single

tracer compound may be used. At the mea-

suring point, pulse-shaped concentration

curves are observed (Fig. 2). Measurements

are taken directly in the sewage stream with

so-called in-line probes, which provide high

temporal resolution. This approach allows

for differentiation between the indicator

pulse, the reference pulse and the natural

background. For continuous tracer addition,

two different tracer compounds would have

to be used, and the measurement would

yield twice the measurement error of a

pulsed tracer addition.
� The tracer addition at the reference site 

is delayed relative to the addition at the

indicator site. In this way, both pulses over-

lap at the measurement point (Fig. 2). This

Traditional Measurement

Methods

The amount of exfiltration is typically as-
sessed in leak tests using water or air [3].
Such tests are expensive and only provide
information about certain problem spots;
extrapolation over an entire sewage sys-
tem is too uncertain. Using classic meth-
ods for a comprehensive assessment of
the amount of exfiltration, which would be
needed to develop efficient remediation
plans, is therefore impractical.

Traditionally, infiltration of ground water is
determined simply by measuring runoff
volumes [4]. The assumption is that during
periods of low flow (usually Sunday night
until Monday morning), the sewage com-
ponent is practically zero, and the flow
consists exclusively of infiltrated ground
water. This assumption is becoming more
and more problematic, however, as even
private households run machines that use
water during the night in order to reduce
operating costs. Sewage systems are also
growing with expanding agglomerations. 
In some sections of the sewage system,
there may be sewage flow at any time of
the day because it arrives with varying
delays from different parts of the system.

Indicator
signal

Reference
signal

Exfiltration

Sampling
point

Investigation
reach

How “Tight” is our
Sewer System?
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Exfiltration experiment: addition of NaCl solution as a
reference signal.
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Fig. 2: Results of an experiment measuring exfiltra-
tion. NaCl was used as an artificial tracer. 
Top: measured and calculated tracer signal. 
Bottom: separation of the measured signal into the
indicator and reference signals with subtraction of the
natural background.
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usually exhibit large daily fluctuations and

so obscure the natural tracer signal. An ex-

ample of a suitable tracer system, however,

would be the isotopic composition of water.

It is predominantly determined by the topo-

graphic elevation of the region where

ground water and surface water are re-

charged by the local precipitation (altitude

effect). This method can be used when a

town uses drinking water from a watershed

that is situated significantly higher or lower

than the urbanized area. In such a situation,

significant differences in the isotopic com-

positions of the drinking water, the waste

water and the ground water can be expect-

ed, allowing for quantification of the various

mixing ratios.

For more general situations, however, an-

other method appears to be promising: the

fraction of infiltrating water can be deter-

mined by comparing the time series for

pollutant concentrations and discharge vol-

ume. A suitable lump-sum parameter rep-

resenting pollutant concentration is, for ex-

ample, the chemical oxygen demand (COD).

This parameter indicates how much oxygen

is required for complete oxidation of the or-

ganic and inorganic pollutants contained in

the sewage stream. Modern in-line probes

are able to determine COD equivalents

directly by measuring light absorption in the

UV range (Fig. 3). These probes record the

signal with high temporal resolution, thus

providing the basis for a detailed data and

error analysis. 

be used as the reference signal to estimate

how large the indicator signal should be if

no exfiltration would occur. The difference

between this estimate and the measured

indicator signal tells us whether or not the

sewage pipe in that particular test section is

leaking.

NaCl as a Tracer for Exfiltration

Figure 2 shows a typical experiment in

which NaCl is used as a salt tracer. The

probes used are conductivity probes, which

indirectly measure NaCl concentrations in

the water stream. In the experiment shown

here, the test section was 285 m long, the

average runoff volume during dry weather

was 25 l/s, and the average natural back-

ground conductivity was 0.8 mS/cm; gener-

ally, it is preferable to measure longer test

sections (up to several kilometers), since

this would maximize the number of leakage

points identified in one test. Before con-

ducting the actual measurement, runoff vol-

ume and conductivity should be measured

for approximately two days. Based on these

background parameters, we can calculate

how much NaCl should be added at the

indicator and reference points. In this case,

1.9 kg of NaCl was added at the indicator

point, and three additions of 0.4 kg NaCl

were made at the reference point approxi-

mately 10 minutes later. The results of this

experiment indicate that there were no leaks

present in this test section.

Infiltration Measurements 

with Natural Tracers

Infiltration cannot be measured using arti-

ficial tracers. Homogenous distribution of

tracers throughout an entire aquifer is nei-

ther feasible nor desirable for environmental

reasons. Rather, specific natural character-

istics of the local drinking water, ground wa-

ter and sewage have to be used as natural

indicators of mixing and dilution processes

(see box). 

It is rare to find a direct natural tracer since

sewage typically contains a vast number 

of different compounds. These compounds

Artificial and Natural Tracers

Artificial Tracers, e.g., simple or fluores-
cent dyes, particles, chloride in the form
of sodium chloride or lithium in the form
of lithium chloride, are compounds that
are added to the sewage stream at a par-
ticular location and measured at a second
location. They must meet the following
requirements:
� low natural abundance,
� low detection limit,
� no interactions with other compounds,
� no toxicity,
� good solubility and mixing character-

istics in water,
� inexpensive.

Natural Tracers are specific properties of 
a local drinking water, ground water or
sewage water, such as their stable isotope
composition, which can be used to distin-
guish different types of water.

method has the advantage that potential

measurement errors (e.g., changes in sew-

age composition, error or drift in the probe

signal) affect both tracer signals equally and

so are cancelled out.
� Since the amount of added tracer at the

indicator site is known, the peak area may
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Pollutants as Infiltration Tracers

Figure 3 shows the results of a measure-

ment campaign that was conducted in the

winter of 2002–03 at the influent of a co-

operative wastewater treatment plant which

serves approximately 23 500 people. The

COD equivalents and the wastewater vol-

ume were registered with a temporal reso-

lution of 3 minutes. Data processing was

performed with a mixing model using the

data for the two measured parameters. This

required additional assumptions which were

made based on external information. The

COD value for infiltrating water was as-

sumed to be negligible. The volume of infil-

trating water consists of two components: 

a constant base flow and an exponentially

decreasing interflow. In the simplified case

illustrated here, we also assumed that the

COD concentration of the actual foul sew-

age component was approximately con-

stant. The total variation of the COD con-

centration in the waste water is therefore

determined by the diurnal hydrograph of the

sewage flow (24 hr rhythm) and the slowly

fluctuating amount of infiltrating water (ex-

ponential decline after long rainy periods). 

A short rain event on 26 December 2002

(sharp increase in wastewater volume at

mid-day) was not caught by the model.

Are these Methods Usable 

in their Practical Application?

We are currently developing a general

methodical guide that will allow the user to

measure exfiltration in any sewage system.

The guide helps the users choose the best

combination of tracer, measuring method

and dosage protocol for their particular

situation. Analysis of our field experiments

conducted thus far indicates that the detec-

tion limit for exfiltration is about 10%. Since

typical losses are rather low (below 5%), the

quantification methods will have to become

more accurate in order to be useful in real

applications.

Whether or not our method for measuring

infiltration will be an improvement over tra-

ditional methods will depend on the reliabil-

ity of the model assumptions that have to 

be made. Furthermore, pollutant concen-

trations and runoff volume will have to be

measured with high accuracy in order to

achieve an overall accuracy of 10 to 20%

for infiltration values. We will use the stable

isotope methods to further validate our new

approach. Both methods are currently being

tested in different countries and in a variety

of sewage systems as part of the APUSS

project.

Exfiltration und Infiltration as

“Benchmarking” Tools

If exfiltration and infiltration could be estab-

lished nationally or internationally as indi-

cators, these parameters could be used to

“benchmark” sewage systems. A compar-

ative evaluation of the structural integrity 

of different sewer systems is currently very

difficult to make. It normally takes years to

collect data for an entire sewage system by

the traditional method using a mobile cam-

era (CCTV). In addition, damage classifica-

tion varies with both the technique and

operator, which makes overall comparisons

problematic. An objective comparison of

different sewage systems or operating

strategies will only be possible if we have

assessment tools that yield reproducible

results in a useful time frame. Whether our

methods will prove to be such tools will

depend on whether or not we can achieve

the necessary measurement accuracy.

Jörg Rieckermann, engineer, 
is working on his doctoral 
thesis in the department of
“Environmental Engineering”
where he is developing a
method for the measurement of
exfiltration with artificial tracers.

Coauthors: Oliver Kracht, Willi Gujer
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Fig. 3: Results of a measurement campaign determining infiltration. Chemical oxygen demand (COD) was used as the natural tracer. Left: comparison of COD measurements
with model calculations. Right: identification of different water components. In this test section, “foreign” water accounted for an average of 60% of the total runoff.
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Each year, two billion tons of waste water are collected from

urban areas, then treated and returned to the natural water cycle.

In order to process such an enormous volume of water, the

technical and logistical processes must work together flawlessly.

Weak links in the organizational process are not only economi-

cally relevant, but may pose a safety risk. Evaluation and opti-

mization of the logistical and organizational frameworks should,

therefore, be a fixed part of the overall operation. EAWAG has

developed a new procedure for self evaluation and process

reengineering, allowing wastewater treatment plants to conduct

extensive process analysis and to improve them where necessary.

Wastewater treatment no longer has the

status it had only a few decades ago. Prob-

lems regarding streams and lakes appear to

be solved, urban water hygiene has been

accomplished, and drinking water quality

meets regulatory requirements. Today, the

average citizen expects high system relia-

bility, transparent use of public funds, and

democratic involvement in decisions that

have far-reaching implications (Tab. 1). As a

consumer, a citizen desires low supply and

disposal fees, no limitations on his/her per-

sonal freedom (7x 24 hours availability), and

fast, uncomplicated permitting procedures

for new hook-ups. Wastewater treatment

plant operators are, therefore, experiencing

ever increasing pressure to provide the best

possible service at an increasingly lower

cost.

Organizational Deficits

Currently, there are organizational obstacles

that impact the economical operation of

wastewater treatment plants and make it

difficult for operators to maintain the func-

tion and value of the plant over the long

term. Such deficits include, for example,

poor functional job separation, excessive

controls and regulations on the operational

side with a simultaneous lack of control 

of strategic aspects, and ill-defined as-

signments of responsibilities. As a conse-

quence, the entire organizational structure

is characterized by a high number of inter-

nal interfaces, an excessive need for coordi-

nation, long delays in dealing with issues,

and relatively high stress load on managers.

In addition, decisions often have to be made

based on information that is incomplete, of

poor quality, or altogether unavailable. This

is often due to ill-defined job assignments; 

if it is unclear who carries which responsi-

bilities, it will also be unclear who needs

what information.

It is rare to find operational goals that go

beyond numerical water quality criteria for

the water that is discharged. According to 

a survey of the VSA (Swiss Water Pollution

Control Association), 54% of communities

or treatment cooperatives do not have any

or only early stages of further reaching goal

statements and multi-year plans [1]. The

picture is even bleaker with regard to mis-

sion statements: only 25% of the surveyed

entities reported that they examine ques-

tions regarding their own organization or

their future development (Fig. 1). Conse-

quences of lacking goals that define the

corresponding control mechanisms include

unrealistically high or low expectations

about quality, inadequate preparation for

unexpected events, and the assumption of

power according to the size of the budget,

the number of employees or the value of the

plant.

Assessing the Need for

Change

It is not trivial for individual enterprises to

identify organizational shortcomings, a sit-

uation worsened by the fact that various

services related to wastewater treatment

are protected by “monopolies”. Examples

include a police monopoly on the permitting

process, the more obvious monopoly given

by the need to use the existing sewage

system, and the fairly direct legal monopoly

incumbent in the requirement for making

connections to the existing network. These

monopolies have the disadvantage that

wastewater treatment is not embedded in a

functioning market environment, and self-

regulating mechanisms, which would nor-Tab. 1: Selected interested parties in wastewater treatment issues and their interests [2].

Interested Party

Citizen

Customers

Industry/Large customers
(“Key Account”)

Private customers/small businesses
(Property or house owners, wastewater
producers)

Cantonal agencies

Interest

� Clean streams and lakes/clean drinking water 
� Democratic participation
� Protection from service disruptions
� Low emissions (e.g., noise, odors)
� Information and transparency

� Inexpensive connection and disposal fees

� Industrial management advantages (e.g., liquidity 
of assets)

� Flexible contract conditions
� Rapid, uncomplicated permitting process

� Low connection and disposal fees
� Rapid, uncomplicated permitting process
� No restrictions on personal freedom

� Compliance with regulations and codes
� Reasonable monitoring effort
� Acceptance of imposed measures

Management of Wastewater
Treatment Plants on the Test Stand
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mally lead to better efficiency and efficacy 

in the service provided, are not in play.

Despite all of this, there are a number of

parameters that can be used to evaluate

distinct performance criteria of an individual

wastewater treatment plant.

Performance indicators: Certain indices al-

low us to compare the service provided by

different organizations (i.e., hook-up fees 

or operational fees). There are a number of

national and international projects currently

attempting to identify reliable performance

indicators for wastewater treatment plants.

Experience shows, however, that it is diffi-

cult to develop indicators that correctly ac-

count for different boundary conditions and

other unique circumstances, (e.g., required

cleaning efficiency, the type and size of the

sewage system, topography, billing meth-

ods).

Process benchmarking: In process bench-

marking, the performance of a particular

plant is compared to that of the best

providers. This allows the evaluation of indi-

vidual processes and their costs. It also pro-

vides for a mechanism for identifying weak-

nesses and for recommending appropriate

measures for improving performance.

Customer surveys and citizen complaints:

Systematic complaint management can be

a valuable source of information for improv-

ing service (i.e., complaints about traffic,

odor emissions, unfriendly customer ser-

vice). Continuous or periodic customer sur-

veys are another tool that could, for exam-

ple, be used during permitting procedures.

Controlling: Controlling compares specific

services to the costs that were incurred.

This requires, however, that the demands

for the various services are clearly defined

and that compliance can be strictly moni-

tored.

Employee surveys and employee forums:

Particularly in larger organizations, informa-

tion about sick leave and employee turnover

can provide valuable insight.

Self-monitoring: Self-monitoring provides

information about the technical perfor-

mance of a plant and the quality of current

plant management.

Each of these parameters gives information

about certain aspects of an operation. It is

not possible, however, to gain a complete

picture based solely on these parameters,

or to identify potential organizational

deficits.

Instrument for the Evaluation

of the Organizational Process

This is where EAWAG wants to supply help.

In collaboration with the VSA, a comprehen-

sive tool for the evaluation of all organiza-

tional processes has been developed [2].

The tool considers all major processes rele-

vant to a community or cooperative (Fig. 2)

and is based on the model for public service

and social service institutions as estab-

lished by the European Foundation for

Quality Management [3]. The original model

was adapted to the particular mission and

terminology of wastewater treatment and

enhanced by additional criteria appropriate

in this field. The resulting tool incorporates

relevant legal criteria (particularly with re-

spect to the Swiss legislation on water pro-

tection), Federal operation guidelines for

wastewater treatment plants, as well as

guidelines for organization, optimization

and quality assurance in wastewater treat-

ment [4].

In the form of a self-evaluation tool, a ques-

tionnaire with 250 detailed questions is

completed by the organization under con-

sideration. If the legal framework allows it,

the answers can be weighted by the organi-

zation: each question not only asks about a

degree of compliance or fulfillment, but also

for an assessment of how important that

particular issue is for that organization. ThisFig. 2: Process model for the wastewater disposal system for communities and cooperatives.

Personnel development and ongoing education

Public relations and customer service

Management

Politics and strategy/mission statement

Wastewater
disposal from
properties

Wastewater
collection/
treatment

Industry/
small busi-
nesses

Failure
management

Waste
disposal

Finances Property
management

Information
management

Vehicle and
equipment
pool

Procurement

Goal definition,
multi-year plans

Mission
statements

Not at all
Only in early
stages

31%

23%

36% 19%

6%

34%

41%

10%

To a high degree
Completed

Fig. 1: Realization of goals and work on mission
statements in 50 Swiss communities and coopera-
tives [1].
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creates a matrix of four fields, in which a

given process is assigned (Fig. 3).

This subjective weighting of relevance not

only reveals the need for change, but also

the degree of readiness for implementing

such change. Past experience has sug-

gested that it is more fruitful to start with the

implementation of changes that exhibit a

high degree of readiness. This minimizes

initial resistance and builds experiences

which can then be applied to other areas.

The Swiss community of Hergiswil in the

Canton of Nidwalden was the first to use

this self-evaluation tool. Several processes

were determined to be in need of improve-

ment (Fig. 3): important management proc-

esses, as well as multi-year planning and

annual success evaluations, were inade-

quate. There were also some deficiencies in

project management and in the handling of

problems in plant operation, as well as in

normal plant operation and maintenance.

Good marks were obtained, however, for

general planning, both for the plant itself

and for the sewage system as a whole.

Identification of Organizational

Deficiencies – What now?

The self-evaluation tool only serves a pur-

pose if the identified shortcomings can be

systematically examined in more detail and

if the corresponding measures for process

reengineering can be developed according

to some general guiding principles. For this

reason, EAWAG has also developed a tool

for process reengineering [5]. In the first

step, the current work flow, responsibilities,

information and data sources, implicit

goals, costs and services as well as inter-

faces to other processes are analyzed. If 

the weaknesses of a particular process are

already known, the task is simply to clearly

define performance targets for the proc-

ess. Since there are usually only a very few

cases in which specific performance criteria

have been agreed upon between the plant

operators and the carrier organizations, cri-

teria for process reengineering are normally

based on exemplary performance agree-

ments and process targets [5]. When devel-

oping these agreements and targets, we

must consider not only technical demands,

but also legal requirements, financial means

and demands  of the customers and citi-

zens.

In Hergiswil, systematic analysis and the

definition of clear goals led to a detailed

action plan which has already largely been

implemented. For the community of Her-

giswil, this meant that in the short-term, a

significant effort had to be made, but posi-

tive outcomes are already being realized: 
� Hergiswil now has a performance agree-

ment with the water plants, where their

duties, goals and measurement parameters

are clearly defined. Compliance with this

agreement is checked annually by the town

council; additional action will be taken as

necessary.
� Long-term plans for the plant itself and for

the operation were also established, allow-

ing the plants to incorporate these goals

into the general planning for maintenance

and updating of the infrastructure and the

general sewage system.
� Plans for the maintenance of the value of

the infrastructure are implemented in the

form of project management by the commu-

nity, where particular attention is given to

the monitoring of on-going projects. Plans

to maintain infrastructure value are directly

coupled to the general accounting for the

plant.
� Disruptions in plant operation, particularly

due to flooding, will be handled more effi-

ciently, thus avoiding negative impacts on

the environment.
� By linking newly established performance

criteria, by establishing a maintenance

schedule for sewage pipes and by intro-

ducing a competitive bidding process, an

annual savings of approximately 30% was

achieved for sewer cleaning.
� In the general operation and maintenance

of the wastewater treatment plant, potential

annual savings of roughly 13% were identi-

fied, although these savings have not yet

been realized.

Today, Hergiswil is one of the few communi-

ties whose wastewater treatment plants and

drinking water supply plants are certified

according to ISO 9001:2000. All of the im-

plemented changes are by now well estab-

lished, and the new management tools have

gained a permanent place in the planning

structure of the community. This high de-

gree of acceptance may be attributed to the

fact that from the beginning, all affected

parties were fully integrated in all projects

and actively participated in working towards

solutions.

Stefan Binggeli, engineer, has
developed the two methods for
self-evaluation and process
reengineering as part of his
dissertation in the department
“Environmental Engineering” at
EAWAG. Since then, he has
founded the spin-off company
Infraconcept, where he special-

izes in consulting services in the area of public and
private infrastructure.
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The Future of Aquatic Ecosystems: Endangered but not Lost
Experts from all continents gathered at the “International Conference

on the Future of Aquatic Ecosystems” held between 23rd and 27th of

March 2003. About 160 scientists met at the Swiss Federal Institute

of Technology (ETH) in Zurich, where they pointed out trends and

salinization. Furthermore, the climate change was identified as a

possible cause for the decline of coral reefs. 

A closer look at past decades confirmed that effective concepts are

available in order to stop those negative trends. The Stockholm con-

vention of 1972 e.g. banned the imission of persistent organic pollu-

tants into rivers. The eutrophication of lakes was stopped by upgrad-

ing water treatment plants and banning phosphorus in detergents.

Large parts of the population support an ecologically sound flood

protection allowing the revitalization of river systems. 

Additionally, the wide range of scientific insights available today may

help a positive influence on the development of the aquatic systems.

The hindrance is not a lack of knowledge but a lack of political

courage. Scientists, politicians and public must necessarily work

together, dealing with uncertainty, proceeding step by step and

learning from mistakes – on a local and on an international level.

Fishnet: International and National Expert Hearing
The project Fishnet, dealing with the decline in fish catch from Swiss

water systems, is entering its final stage. Results have been achieved

in about 70 sub-projects and profound literature studies produced

during the past 5 years. Many issues were raised during the final syn-

thesis: Have results been assessed and authoritative international

knowledge been taken in consideration adequately? Are the conclu-

sions drawn by Fishnet convincing and appropriate? Do suggested

measures promise success? On 21st/22nd August, the project man-

agement and an international group of experts discussed these and

other questions at EAWAG in Kastanienbaum.

The discussion was based on the provisional report on 12 working

hypotheses considering various factors (e.g. chemicals, change in

temperature, quality of physical habitat) as possible causes for the

decrease in fish catch. The experts confirmed and completed our

conclusions and/or added critical comments. Even though the de-

cline in fish catch is important on a national scale, it was made clear

that significant local and regional variability of manifestation and

causes do exist. The experts stressed the significance of ongoing re-

search. Additionally, a national expert hearing took place on 9th Sep-

tember where conclusions gained and measures suggested were

examined and put into a concrete form. The final report will be pre-

sented to the broad public at the end of January 2004 in Berne.

For further information see: www.fischnetz.ch

Zurich – Water City
Between 21st June and 20th July, Zurich

turned into a “Water City”, thus honour-

ing the International Year of Freshwater

2003. The project has raised the sen-

sibility of the local population for a sus-

tainable use of our precious resource

water. The main emphasis was put on

an open air exhibition along the Lim-

mat. Consisting of seven sites, the wa-

ter path revealed e.g. where rain water

disappears in the city, where drinking

water in Zurich is derived from and

which species have their habitats in the

lake and rivers. A website with further information, offers for schools,

special events and guided tours added to the programme. The his-

torical stroll around the Water City, the lecture of water texts in the

water church, an exhibition on ground

water and a panel discussion on water

management met a lot of interest in the

public. A competition of water stories

organized by the local newspaper

“Tages-Anzeiger” counted 250 partici-

pants – a great success. 

Following the invitation of the Year 

of Freshwater, the local protagonists

AWEL, EAWAG, ERZ, ewz, WVZ and

WWF had jointly launched the project

“Water City”. The successful team work

created a strong presence of the wet

element in Zurich. As main sponsors acted APG, the “Tages-

Anzeiger” and the Vontobel Foundation. 

For further information see: www.wasserstadt.ch
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Dr Polunin presents the key
outcomes of the meeting.

future prospects of aquatic ecosys-

tems. The conference was organized by

the Swiss Foundation for Environmental

Conservation (FEC) and the EAWAG.

Experts clearly showed their consensus

that today almost all aquatic ecosys-

tems suffer from increasing pressure,

such as increasing nutrient loading, ab-

straction of fresh water from wetlands

and coastal systems caused by irriga-

tion, physical habitat destruction and
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