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Preface

We all know that, already today, we are faced with the challenge of providing sufficient
water of adequate quality for human consumption, agriculture and industry. Problems
will increase due to the growing population and megacities but also as a result of chang-
ing lifestyles and eating habits. It is therefore advisable that we all think about how to
ensure a sufficient amount and quality of the resource water can be provided.

Particularly important will be to use our water resources efficiently.
The reuse of wastewater is a key component in this respect.

The DWA Work Group has studied technologies for wastewater treatment with the focus
on reuse purposes and worked out guidelines under the title “Treatment Steps for Water
Reuse”.

Water recycling is widely practised by industry. It has been DWA’s intention to facilitate

a better understanding of water recycling also for municipal and agricultural reuse purposes.
To select the best suitable technology for each individual application in this field will always
be a matter of the engineer’s experience.

The Work Group is aware that their work will not solve the world’s water problems,
but they at least wanted to offer guidelines for part of the problem areas.

Dr.-Ing. E. h. Hans G. Huber
(DWA-Work Group Chairman)
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Foreword

Since years it has been pointed out with increasing intensity that, in future, water will globally be an even more scarce resource
than oil and gas. Many information, as also UNEP" s recently issued global environmental report “GEO-4” (UNEP 2007), clearly
indicates the causes: the world population of over six billion people and the level of consumption of a large part of these people
lead to a consumption of resources, which is greater than nature can re-supply. The approach to a solution must therefore be:
reduction of the consumption of resources. Applied to water this means: reuse of water and small cycles!

In Germany, due to the up to now extensively sufficient fresh water resources, this subject has been dealt with at a subordi-
nate level. With an eye on the challenges within the international market and by it increasing requirements for information
also within the German water industry, in addition to a Specialist Committee working on “New types of sanitary systems”, the
Working-Group BIZ-11.4 “Water Reuse” was launched within the DWA.

One of the tasks of the working group is the identification and description of treatment steps for water Reuse. This con-
cerns, in particular, also processes for which, due to the lack of application in Germany, little experience is available. There-
fore, within the working group, a matrix was elaborated in which techniques for the treatment of wastewater are presented
and assessed with the aim of water reuse.

It is pointed out that the results from the honorary work of the DWA-Working Group BIZ-11.4, presented with this Volume
of Topics, are not part of the DWA-Set of Rules and Standards. The assessment matrix introduced has been created from
today’s point of view and expressly makes no claim to completeness but rather is to be developed further. In this regard the
Working Group is grateful for contributions and information.

On <http://www.dwa.de/master/wastewater-reuse> the user is given access to prepared Excel-sheets from the Annex in

Assessment Matrix of Treatment Steps for Water Reuse. The user is able to revert to these tables and adapt them to his/her
requirements.

Authors

This DWA-Topic has been elaborated by the DWA-Working-Group BIZ-11.4 “Water Reuse”. The following have collabo-
rated in the production of this volume:

CORNEL, Peter Prof. Dr.-Ing., Darmstadt

FIRMENICH, Edgar Dipl.-Ing., Mannheim

FUHRMANN, Tim Dipl.-Ing., Witten

HEIDEBRECHT, Riidiger Dipl.-Ing., Hennef

Huger, Hans Dr.-Ing. E. h. Dipl.-Ing., Berching (Chairman)
KaMPE, Peter Dipl.-Ing., Maintal

Kart, Volker Dipl.-Ing., Frankfurt

MEDA, Alessandro Dot. Ing., Darmstadt

ORON, Gideon Prof., Kiryat Sde-Boker, Israel (Guest contribution)
ORTH, Hermann Prof. Dr.-Ing., Bochum

SCHEER, Holger Dr.-Ing. habil., Essen

SCHNMIDTLEIN, Florian Dipl.-Ing., Bochum

SCHNEIDER, Thomas' Dipl.-Ing., Bochum

ScHwARz, Christina Dipl.-Ing., Neubiberg

WEISTROFFER, Klaus Dipl.-Ing., Eschborn

Project organizer within the DWA Head Office:

HEIDEBRECHT, Riidiger Dipl.-Ing., Hennef
Department Training and International Cooperation
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1 Objective of this Volume of Topics

The necessity to treat wastewater for reuse is primarily relevant on the international level. Along with the low precipita-
tion regions outside Europe, in future this subject will also have to be considered increasingly in Europe, not only in
Southern Europe were the agricultural water reuse is already an established practice. In addition to utilisation in agricul-
ture, urban multiple use of water is acquiring an increasing significance, in particular in the rapidly growing mega-cities,
in which, almost independent from the climatic zone, the local water requirement exceeds the available fresh water
resources.

With this, the treatment of wastewater for the reuse of water represents a complex assignment of tasks: in addition to
national and international regulations and standards on water quality and treatment technology there are also different
constraints, varying from country to country to be taken into account, such as the type of water utilisation, the financial
resources and the level of training of local operating personnel. Current publications on the various challenges of the
subject are numerous, see for example: AQUAREC (2006), ANGELAKIS et al. (2001), WHO (2006), Asano (2007), JIMENEZ
and AsANO (2008).

In order to give an overview and support with the selection of fitting treatment techniques for water reuse, a matrix with
the most varied processes of wastewater treatment has been elaborated by the DWA Working Group BIZ-11.4 “Water
Reuse”. Each process step was assessed with regard to diverse aspects such as discharge quality, costs, consumption of
material and energy, expenses for preventative maintenance etc. With the assessment, a characterisation takes place of
the individual treatment methods which brings these into relation with each other and gives information about the risks
of individual processes in connection with the reuse of water. With this, the assessment matrix in the presented version
concentrates primarily on the agricultural and urban utilisation (irrigation, water for fire-protection and non-potable
water). The area of industrial (multiple-)usage and the indirect, unintended reuse of water as well as the so-called alter-
native sanitation concepts, which are based on the separation of various substance flows in the wastewater, are not part
of the matrix and this Volume of Topics.

Objective of this Volume of Topics and the assessment is to give fundamental information on possibilities for application,
application criteria and application prerequisites for the different treatment techniques. Here the matrix is to offer a simple
and fast aid for decision-making, without having to raise a claim of being the basis for a detailed decision. This detailed
decision must be in the hands of specialists. The matrix is definitely not to replace the engineering adaptation in special
cases but is rather to be a support for a sensible and well-founded decision, also if expert knowledge is not available. In this
respect the target group for the application of this matrix represents less the already designated experts than public com-
munities of interests, decision-makers and politicians (for the purpose of raising awareness) as well as consulting offices,
plant constructors and operators in municipalities and in agriculture, both in Germany and also abroad.

2 Relevance of Water Reuse

The world-wide limited water resources as well as anthropological influences on them represent a growing global prob-
lem, with which, in particular, the populations of threshold- and developing countries in arid and semi-arid regions are
affected. In addition to the climatic constraints and a generally, uneven distribution of the water resources, the extreme
population growth and increasing per capita water consumption in these countries are the main cause for increasing
water shortage. Management of water resources which is not oriented on principles of sustainability as well as the pollu-
tion of surface waters and groundwater often reinforce the problem. According to the prognoses of the World Water
Report (UNESCO 2006) with existing consumption habits, by the middle of the current century some seven billion
people in 60 countries will experience shortages of water if one takes the most unfavourable extrapolation as basis; in
the most favourable case there would still be at least two billion people in 48 countries having to suffer water shortage.
Experts of the Intergovernmental Panel on Climate Change (IPCC 2007) in addition forecast a further aggravation of the
global water shortage through the effects of the world climate change.

The reuse of water is already an indispensable necessity in numerous countries and a common practice in the water
industry. In future it will be an essential component of a sustained water resources management — also as adjustment
measure for the reduction of the effects of the climate change — and belongs to the greatest challenges of the 21°* cen-
tury. Wastewater, treated and purified in accordance with the requirements of the respective application, is here to be
considered, within the sense of reuse, as valuable, usable, and locally controllable water resource. The reuse of water
thus contributes to the reduction of discrepancy between steadily rising water consumption and limited water resources.

DWA-Topics May 2008 9
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In this connection in particular agriculture is to be named as the largest water consumer world-wide. The reuse of
adequately purified wastewater for agricultural irrigation represents a particularly large potential for the maintaining of
fresh water resources. Over and above this, through water storage, there are here also development chances on offer
about seasonal influences (however, also special demands on the quality of the treated water).

In many developing and threshold countries reuse of non- or insufficiently treated wastewater is very common. In par-
ticular in urban or peri-urban regions raw wastewater from the local population is used for irrigation, because it is avail-
able free of cost and independent of dry periods and has a high value as fertiliser. The use of wastewater, often un-
treated, thus contributes perceptibly to the safeguarding and increase of the production of foodstuffs. Although legal
constraints as well as quality standards for the reuse of water are often defined in these countries (frequently on the
basis of relevant directives of the WHO and EPA), in practice the reuse of water takes place in the majority of developing
and threshold countries, largely uncontrolled and without complying with important hygienic minimum requirements
(RUHR-UNIVERSITY BocHUM 2005).

For sustainable water resources management it is essential to recognise wastewater as a resource, whereby the correspond-
ing treatment is absolutely indispensable in order to minimise health risks connected with an uncontrolled reuse.

3 Subsumption of Reuse of Wastewater

3.1 Socio-cultural Aspects and Acceptance

The subject of water reuse covers a complete series of fundamentally different aspects which must function in their interac-
tion, in order to contribute to a sustainable reduction of the consumption of resources. Reuse of water has an influence on
the health and daily life of people and the technology associated with this must be both simple to operate and also clear. In
addition to technical, organisational and institutional issues, here socio-cultural aspects have a special significance.

Acceptance by the users is certainly the most important key factor for the reuse of water. In many regions of the world
this acceptance is, at least in part, already “encouraged” through economical forces: decreasing suitability of traditional
water resources, increasing energy prices for the conveyance of water from deep wells as well as high maintenance costs,
to name only a few. Frequently, however, an extensive use of larger volumes of recycled water is opposed by a large
amount of resentment up to open opposition. In part this has easily comprehensible reasons, which are associated with
the technique itself, its operation and maintenance and also the water quality (e. g. odour and colour). Thus, for exam-
ple, although many common irrigation systems are principally suitable for the utilisation of recycled water, in daily prac-
tice the operation is, however, possibly not really “free of faults”.

Although the use of rainwater and slightly polluted wastewater has a long tradition in many parts of the world and the
utilisation of animal and human excrement as fertiliser in agriculture is extensive there, it is precisely in many areas with
water shortage that there is a clear reticence on the part of potential users for recycled water. Depending on the type of
utilisation, people have a more or less distinct antipathy to the reuse of water due to the “sensed” insufficient distancing
to the pathogens contained in treated water. To this is added in many regions religious dictates or similar quasi-
religiously-based restrictions, which limit the handling of treated water (water reuse can, however, also be encouraged
religiously, see example box below). In these cases the long and stony path of raising awareness will be required in order
to alter patiently the traditional attitudes of people. An important role is played here in that the operation of the appro-
priate systems have to be accompanied by a sufficiently robust safety system, which can guarantee the maintaining of the
minimum standard for the respective type of water reuse. The user of recycled water must be able to rely on these stan-
dards otherwise trust and acceptance cannot be built up.

The opposite occurs, although the institutionalised acceptance in the form of legal and regulatory specifications is very
restrictive, when the acceptance of the user and end-consumer, for example small farmers and consumers of agricultural
products, is much more pragmatically positive due to the needs arising from water shortage. This means also that, in this
case, official conditions for approval are, in many cases, avoided or ignored, in particular if efficient implementation and
control mechanisms are missing.

It is obvious, that the direct reuse of water in all cases of application, which lead to a contact of the end-consumer with the
treated wastewater, be it through agricultural products, in the household or even as recycled drinking water, the socio-
cultural inhibitions must, to a particular degree, be taken into account. Open association with all relevant questions and
early participation in the planning and decision process are indispensable prerequisites in order to guarantee a successful
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implementation. With this, the following groups of topics are at least to be taken into account, whose weighting, depending
on the application, is different:

e water management constraints (water demand versus water supply),
e hygiene and health precautions,
e technical requirements on the production and application of treated wastewater,

e operational requirements and competence (i. a. number and qualification of the operational personnel, operational
safety, emergency measures), depending also on the complexity of the treatment processes,

e financial-technical and economical feasibility taking into account the investment costs
(CAPEX, Capital Expenditure) and the operating costs (OPEX, Operational Expenditure),

e aspects of the environment and sustainability,

e regulatory aspects.

Example: Religious acceptance for the reuse of treated water

In the predominantly Islamic countries of the Middle East and North Africa, already since the start of the 20th century,
the reuse of water has played an important role. For example in Egypt, where since about 1900 wastewater has been
used for agricultural irrigation of an area of up to 4,500 hectares in the vicinity of Cairo. With the background of the
growth in population (today 72 million, 2017 estimated 83 million) and the small amount of water resources available
(deficit today ca. 20 billion m3/a, 2017 estimated ca. 40 billion m3/a) it is not surprising that the significance of the
reuse of water will increase across the whole country. In Iran and other Islamic countries the reuse of treated wastewater
is also a common practice and is recognised as important measure for the combating of water shortage.

High-ranked religious representatives of Islam in this region support this policy. Thus, for example H. E. Ahmed Al-
Sabban, Deputy Minister from the Saudi Ministry for Islamic Affairs, explained at a conference in Abu Dhabi on the sub-
ject of the reuse of water, that Islam supports the careful handling of water and the protection of water resources. The
reuse of water, including the use of treated wastewater, in particular in the light of water shortage and increasing water
demand of the population is not on contradiction with religion, “As long as it is pure, and shows no coloration and no
odour”. (AL-SABBAN 2005)

3.2 Requirements on Technology

For safe reuse of water, for example in agriculture, specific quality requirements on the water and thus on its treatment
are made which are to be ensured through adequate technology. These requirements concern a wide range of aspects
such as the disinfection for the protection of humans, the removal of nutrients for the protection of bodies of water and
groundwater and also the reduction of the solid matter concentration with regard to the irrigation facilities.

An additional challenge is represented by the interplay of the continuous inflow of wastewater and often disconti-
nuous consumption of the treated water. This possibly requires storage of water, which can be realised both in surface
storage tanks and also through deliberate storage in aquifers. On the other hand the type of storage results in quality
requirements on the water treatment (e. g. with regard to microbial recontamination and nutrient content).

The assessment matrix described in Chapter 5 provides an aid for the various requirements with regard to possibilities
for application of the different wastewater treatment techniques.

3.3 Requirements on Plant Management and Operational Competence

The best technology is useless if it cannot be operated in accordance with regulations. Depending on the complexity of the
selected treatment and process technology the operation of a system for water reuse demands a certain degree of plant
management competence. Furthermore, the personnel, due to the technical safety requirements (hygiene and health protec-
tion), should be motivated to a high degree and to (be able to) act with responsibility. This means the requirement for
qualified trained and further trained specialists. With projects abroad, attention is to be paid to the selection of suitable
operating personnel who, if required, are to be brought up to the required level of qualification through adjusted training
measures. Continuous follow-up training and examination in the early years of commissioning are advised.

DWA-Topics May 2008 11
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Especially in countries outside Europe that these requirements are often contrary to the realities of wastewater utilities
which, in part, are characterised by:

e significant lack of coverage of operating costs,

e personnel with insufficient qualification,

e limited possibilities for further training,

e payment of employees which deserves improvement,

e demand for improvement of the image of employees (from “Sewer operator” to “Resource manager”),

e strong hierarchical and centralised management structures with limited possibilities for decisions on-site,

o lack of sufficient furnishing with operating resources in particular equipment, spare parts, tools, energy and chemicals.

These conditions represent an enormous challenge for the motivation of employees and the meeting of operational re-
quirements and safety standards.

The operational precautions for an operation of the plant according to the regulations and the build-up and/or the main-
taining of the necessary competence of personnel are to be taken into account as important cost factors with the plan-
ning of projects for the reuse of water.

Example: Strengthening of operational competence in Algeria

Through an insufficiently precautionary maintenance of wastewater engineering facilities, their efficiency and useful life
are often considerably reduced. Thus, newly installed facilities in the past already had to be decommissioned after only a
few years due to in part insufficient operating competence.

The national Algerian Organisation for the Operation of Wastewater Facilities (ONA), in cooperation with German part-
ners, has introduced a modular training and further training programme for the operation of wastewater facilities.
Future instructors have been trained and a training centre for personnel from all regions of Algeria, has been set up in
the Boumerdes wastewater treatment plant Training subjects were, inter alia, work safety, preventative maintenance,
measurement and control, fault management, maintenance, reporting and store management. Through the training,
significant success could be achieved over a short period in various facilities in Algeria and the necessary understanding
could be put over to the employees that a competent and caring operation are at least as important as the procurement
of equipment and resources. With focusing on investments for wastewater engineering alone it can otherwise give rise to
high follow-on costs and inadequate operation.

(GTZ, Emscher 2006)

3.4 Health Aspects

The planning and operation of facilities for the reuse of wastewater must ensure that no hazarding of the health and
safety of operating personnel, the water users and the population result.

Municipal wastewater, even after conventional treatment, still contains a large number of health-hazarding content
substances. Along with remains of persistent chemical substances these are, above all, human pathogenic micro-
organisms in the form of bacteria, viruses, parasites and worm eggs. The safe and hygienically harmless reuse of treated
wastewater therefore demands certain prerequisites on the water quality, in particular from the aspects of epidemiology.

The endangering through pathogenic agents is very heavily dependent on the type of use of the treated water, for exam-
ple, with regard to the selected type of irrigation. Therefore, there are assessments of the suitability of various types of
irrigation given in the matrix described in this volume of Topics.

As a rule, for a reuse of wastewater, suitable disinfection procedures are to be employed with which the pathogens are so
far reduced through removal, destruction or inactivation, that an endangering of health is not to be feared in the respec-
tive case of application. For this, the national or local limitations (so far as they exist) are to be observed, if necessary, in
particular with an eye on epidemiological aspects, internationally recognised recommendations, such as the WHO Direc-
tives (WHO 2006) are to be included.
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With the employment of disinfection processes, in addition to the relevant hazards for the operating personnel and the
environment due to the employment of chemicals, the formation of by-products possibly toxic for humans and the envi-
ronment are to be considered.

Operating personnel and also the users of treated wastewater must be instructed on the specific health and safety consider-
ations arising through the reuse of the water. For a, from the point of view of health, harmless operation of facilities for the
reuse of water the additional production and introduction of plans for cases of failure, the practising of such plans and strict
compliance in the case of failure are a vital prerequisite.

3.5 Legal Regulations and State Controls

There are legal regulations and sets of technical rules and standards in many countries (such specifications also exist in
Germany, for example DIN 19650 on hygienic requirements for irrigation water). If one considers the regulations, in
particular those of countries outside Europe, in which the water resources already today are or in the near future will be
in short supply, the following aspects are to be noted:

e the legal regulations are, with appropriate compliance and monitoring, frequently sufficient in order to guarantee a
relatively safe handling of reused water and to avoid sustained damage to the health of humans and to the quality of
areas used for agriculture.

e the individual legal regulations frequently precede regulations of neighbouring countries or of international institu-
tions or individual donor countries and therefore are not always completely matched to the respective requirements
of the country.

e some regulations contain inconsistencies in several parameter groups, i. e. boundary values which to not match each
other or cannot be complied with simultaneously in parallel.

In addition to the national rules there exist several internationally recognised specifications. To mention as examples are
here, above all, the recently published recommendations of the WHO (WHO 2006). These represent an agreed frame-
work for the development of individual national directives and standards for the reduction of microbiological health
hazards associated with water and give information on the monitoring procedures necessary for sufficient microbiologi-
cal safety. Fundamentally, the quality requirements are aimed strongly towards the application purpose of the water and
include, for example, in addition to pathogens, also salt and nutrient contents for agricultural uses.

Government regulations in the water industry, in particular with the reuse of water, have to go beyond the definition of
technical standards and requirements but must also cover deeper aspects such as the tariff structuring and monitoring as
well as the responsibilities and rights of the parties involved (implementation organizations, erectors, operators, con-
sumers). For example, determinations are to be made on safety measures, reporting and internal self and independent
outside monitoring. In addition, clear specifications on the sanctions mechanism must be defined in case the require-
ments are not fulfilled.

With the background of the necessary technical planning, security and transparency for the requesting of tenders, clear
rules are an important prerequisite for a reliable economic collaboration.

In summary it can, however, be established that usually there is no lack of legally binding sets of rules and standards or
of recommendations for minimum standards with the reuse of water. The problem in most countries with scarce water
resources is not the existence or quality of the standards for the recycling of water but rather, above all, their fulfilment
and monitoring by sufficiently independent, state or private regulation institutions. To this is added the fact that the
regulations are often hardly to be fulfilled due to low economic resources.

3.6 Market Potentials for Projects for Water Reuse

The European and international water markets, through the shortage and pollution of water resources as well as through
the changed - as a rule improved — constraints, offer increasing chances for profitable investments in the water sector.
With this, treated wastewater represents an important resource, whereby the area of water reuse in the coming decades
will in particular profit.

If earlier strategies aimed primarily at the development and broad central distribution of significant water resources, current

concepts such as, for example, also the European Water Framework Directive are oriented not only towards an integrated
but also at a cost-covering management of water resources. The free handing out of water practised in some areas in the
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past often led to a very wasteful handling of the limited water resource and an insufficient covering of the operating costs.
Treated and untreated wastewater up until today, even in regions with small natural water resources, is discharged all year
round or seasonally, thus is not available for a renewed use and is lost for the production of nutrients or other added values.
With the decreasing availability of new water resources and at the same time increasing demand, water in many regions is,
however, becoming too valuable to use (“consume”) once only. With this, the closing of water and nutrient cycles due to the
relatively even availability of water resources, the in part nearness to the potential reutilisation site as well as the saving of
fresh water and energy costs is showing itself to be an increasingly cost-effcetive solution.

Nevertheless, the realisation of cycles requires tailor-made wastewater treatment technologies which, for example, with
agricultural utilisation, also take into account the reuse of nutrients according to the vegetation periods. The market
resulting from this for wastewater engineering and concepts often stand in a close relationship to the water management
possibilities for the conurbation development as, on one hand, most of the wastewater is produced here and, on the
other hand, the treated water has many uses and can be fed immediately also into the industrial and commercial area,

In addition to the arid and semi-arid developing countries even in the more developed countries the continuing great
demand for water, increasing costs for fresh water and increasingly stricter specifications in the area of environmental
protection are driving on the reuse of water and there offer increasingly good market chances. Greater expectations in
energy efficiency and economic efficiency as well as new processing technologies are additionally promoting an impulse
in innovation in this area.

Integrated water resources management and, in particular, the reuse of water is offering consulting and manufacturing
firms — not the least also due to the anticipated climate changes — increasing market chances world-wide. The matrix
described in this Volume of Topics for methods of wastewater treatment gives important information for the planning
and preparation of offers for tendered projects in order to offer higher water quality to the end-user.

Example: The water reuse market in Asia

Due to its need to catch up and its very large economic growth Asia in particular carries a very large potential for wastewa-
ter treatment and reuse with estimated annual growth rates of in part more than 15 % in the coming years. For example, in
Indonesia, the market for wastewater treatment in 2003 was ca. 90 million US$ with an annual growth of 10 %. Even mar-
kets in Taiwan or the Philippines have a strong need to catch up; the same applies for Thailand and Malaysia.

In China the government is also trying to counter the water crisis caused by the enormous economic growth through the
encouragement of the intensive reuse of water. Thus, for example, institutional and private land development and con-
struction companies are obliged in future also to plan-in water reuse. In order to support these approaches, inter alia a
consortium has been created (China Water Reuse Trade Consortium), which is to support the marketing of appropriate
technologies, equipment and products.

3.7 Pricing and Financing

An effective management of demand from the world-wide most varied users of water through water law and water prices
requires a long-term price policy and regulation at national, regional and local level. This can also deliberately encour-
age/promote innovative solutions with water cycles and concepts for material flow separation for rural and urban areas.

Reasonable prices for different types of utilisation such as drinking water supply and wastewater reuse for industrial or
irrigation purposes contribute to using the limited resource water more effectively. The new European principles of the
Water Framework Law therefore demand a financial contribution both from the consumer and also from the polluter. In
the long-term a full cost cover will be sought in order to ensure sustainability. Socially acceptable and progressive tariffs
according to the ability and willingness of the user to pay are with this to be differentiated politically. They are to be
adjusted regularly according to inflation in order to secure the facility operation and other customer services (e. g. de-
velopment of level of connection).

Long-term investment programmes for the reuse of water — provided with economic incentives — have for example led
the consumers in the water-scarce areas of Singapore, South Africa, Australia and California, to adjust themselves, in the
mid- and long-term, to the regionally available water resources with thoroughly varied water quality and different prices.

Own financial resources applied by investors for the financing of new facilities for water reuse, government subsidies
and loans are subject to very different conditions. Innovative solutions frequently receive subsidies. Basis for the agree-
ment for financing from international development banks are, with this, feasibility studies which investigate alternative
concepts and technologies and indicate cost-effective solutions both for the investors (low investment and operating
costs) and for the user (adjusted tariffs).
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Numerous international examples for agreed projects for water reuse indicate ways of how competent, commercialised
agencies can justifiably invest through defined constraints, regulations, directives — and thus finally through state regula-
tion. Successful practical examples can be found for example in the Research Report AQUAREC (2006) financed by the EU
and the EMWIS Report on the reuse of wastewater (2007).

4 Examples of Implementation

4.1 Examples of Application in Germany

Although comprehensive experience with the most varied treatment technologies exists in Germany, the reuse of purified
municipal wastewater has, up until now, been rather seldom practiced due to the abundance of water. In Germany reutilisa-
tion is essentially limited to trickle or spray irrigation for agricultural irrigation purposes as well as for groundwater re-
charge or bank filtration as indirect water reuse (which is, however, not a subject of this volume). Alongside these there
exist small-scale applications, in particular with the use of grey-water in private households and hotel facilities.

The few applications for agricultural irrigation and the operation of wastewater fish ponds have resulted, historically, from
earlier process steps of municipal wastewater treatment and were frequently implemented in Germany already at the start
of the 20th century. Following increased requirements on immission and discharge limitations and the therefrom resultant
area-wide implementation of modern biological wastewater treatment techniques, the reuse of purified municipal wastewa-
ter has to a large extent ceased.

Water reuse projects realised for agricultural irrigation are to be or were to be found in Germany, for example in Berlin,
Bielefeld, Braunschweig (see example box), Darmstadt, Dortmund, Freiburg, Miinster and Wolfsburg. Wastewater fish
ponds have been operated, inter alia, in Amberg, Niirnberg, Spandau and near Miinchen.

Example: Water reuse for agricultural irrigation and relief of receiving waters in Braunschweig

In Braunschweig, already in 1895, a start was made to deploy urban liquid sewer manure on light sandy soils, on one
hand in order to improve the hygienic situation of the city and the condition of the natural receiving waters as well as,
on the other, to improve the soil quality of these areas. Today, the wastewater of the city of Braunschweig (ca. 22
Mio. m3/a) is treated fully biologically by the modern Steinhof wastewater treatment works (350,000 PT connection
capacity) before, in the summer months, it is agriculturally used on ca. 3,000 ha of sprinkle irrigation surface, in part
mixed with excess sludge.

On agricultural areas under cultivation mainly economically interesting crops, for example sugar beet, are planted. The
cultivation of foodstuffs, which are consumed directly and raw, is prohibited for hygienic reasons. A future cultivation of
renewable raw materials for energetic use is already being discussed.

In the winter months a replenishment and storage of groundwater are carried out. The existing perculation fields serve
as natural buffer, the variations in the wastewater treatment works positively evened out and the sensitive receiving
waters protected. In the meantime valuable biotope structures worthy of protection have resulted through the conti-
nuous surface irrigation of the areas.

The small number of projects for water reuse is above all due to the generally sufficient existing fresh water resources.
These, however, are subject to clear regional differences. Already now, regions in Eastern Germany are in particular
showing negative mean climatic water balances. In extremely hot and dry years deficits of up to 300 mm of precipitation
occur, which lead to a drying out of the upper soil layers. As a result of the forecast world climate change and the ac-
companying global warming of the earth, a future accumulation of such extreme events is also forecast for Germany.

As in wide areas of these regions an agricultural utilisation of the land predominates, here in future new perspectives for
a reuse of water for agricultural irrigation and as contribution to the balancing of demand can result in periods of water
scarcity. This applies in particular if, instead of field crops for human consumption, renewable raw materials for energet-
ic use are cultivated as, in this case, the hygienic risks can be graded as significantly smaller.
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4.2 Examples of Application Worldwide

Worldwide, the deliberate reuse of treated wastewater is practised in numerous applications (see examples in the boxes from
Europe (Spain), the Mediterranean area (Jordan) and the USA), inter alia for the irrigation of agricultural or urban green
spaces, aquaculture, production of non-potable water and groundwater recharge. Attention is drawn to the comprehensive
literature for further details and numerous case studies; among the most resent publications are counted, for example, the
international study on the reuse of water by JIMENEZ and AsaNO (2008) and the Mediterranean Wastewater Reuse Report
(MED-EUWI 2007).

Example: Water reuse on the Costa Brava, Spain

In Northeast Spain, the water reuse projects are currently experiencing an enormous development, in particular along
the coastal regions of Catalonia. The relevance of the reuse of water with this reflects both in political and structural
reforms as well as on the basis of firm figures. Between 1989 and 2001 along the Costa Brava, for example, the quantity
of wastewater increased which, after biological treatment, is again used, with constant discharge quantities (ca.
30 mill. m3) increased from almost zero to annually some 2.3 mill. m3. With this, the irrigation of vineyards, orchards
and golf courses is at the centre. Reused water is also used for the replenishment of aquifers as barrier against intruding
salt water, for example in Torroella de Montgri and Tossa de Mar.

(Sa1A et al. 2002)

Example: Water reuse in the Jordan Valley, Jordan

Jordan currently has extremely lean water resources. An increasing water consumption and the aggravation of the situa-
tion accompanying this are forecast. On this basis the reuse of water in Jordan is encouraged by the government and is
already anchored in numerous laws, ordinances and regulations. From the overall requirement for irrigation water (ca.
444 mill. m3) already a share of ca. 16 % (ca. 71 mill. m3) is covered by the reuse of treated wastewater.

In particular in the Jordan Valley treated wastewater is reused for irrigation following mixing with fresh water in the ratio
of ca. 1:3 (dilution for “unrestricted irrigation”). The King Talal Reservoir, which takes up ca. 57 mill. m? of treated waste-
water from the As Samra, Baga and Jerash wastewater treatment plants, is of decisive significance for management.

(SCHNEIDER 2005)

Example: Water reuse in California, USA

California is considered as trend-setting in the field of water reuse. This applies both for existing legal standards and
applied technologies as well as in questions of social acceptance. Already in 2000 wastewater was treated for reuse in
considerably more than 200 wastewater treatment works. Under the types of water reuse, agricultural irrigation and
maintenance of parks stand at the top of the list.

For example, in the region around Monterey, which provides almost 70 % of the total artichoke production in the USA, a
large part of the production areas are irrigated by treated wastewater. In times of a high demand for irrigation the com-
plete wastewater produced of, on average, 83,000 m3/d, is treated to irrigation water.

In Irvine there exists, parallel to the drinking water network, an independent distribution network for the irrigation of
parks, golf courses, grass verges of traffic routes etc. Treated wastewater here covers over 20 % of the total water con-
sumption. The distribution of the treated wastewater is technically so controlled that private households can also take
delivery of the water.

(ORTH 2005)
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5 Assessment Matrix of Treatment Steps for Water Reuse

5.1 Aim of the Matrix

Wastewater treatment with the aim of water reuse should be carried out using the technique best suited to the individual
case of application taking into account the national regulations and international standards (for example from WHO and
FAQ). For the selection of the treatment technique the constraints varying from country to country are to be observed,
which, for example, are given by the investment and operating resources as well as the level of training of local operat-
ing personnel.

In order to support plant planners and builders with this complex task, a matrix with various process steps of water
treatment has been elaborated by the DWA Working Group BIZ-11.4 “Water Reuse”. Each process step is assessed with
regard to various aspects such as discharge quality, costs, consumption of materials and energy, expenditure for preven-
tative maintenance etc. The assessments include the characterisation and the comparison of treatment methods inde-
pendent of the place of application, in particular for agricultural irrigation purposes.

The matrix developed as result of the assessments offers an overview of the various possibilities for treatment and is
intended as fast and simple decision-making aid for a first estimation. No claim to completeness or to general validity is
made, however, the matrix should be applicable for most cases. It is definitely not to replace the engineering investiga-
tion and custom-made decision for the individual, special case, but it is to enable or ease the making of a sensible and
well-founded decision, even when expert knowledge is available only to a limited extent.

The assessments listed in the matrix are of overriding technical character. The health risks fundamentally associated with
the practice of water reuse are not explicitly listed. For this, attention is drawn to the relevant literature, e. g. the Direc-
tives of the WHO (2006).

5.2 Limitation

The possible breadth of application of the reuse of treated water requires a limitation of the range of uses. The assess-
ment matrix in the presented form is concentrated consciously on the following areas:

e irrigation in agriculture,
e non-potable water for domestic purposes (e. g. for the flushing of toilets),
e urban uses (e. g. for the irrigation of parks, for road care or fire-protection).

The starting point for the assessment matrix is the planned, intended employment of treated municipal wastewater. With
this, the agricultural irrigation as one of the most widely used types of utilisation, represents an important focal point. The
high water requirement in this sector and lower requirements on treatment in comparison with other uses (for example the
removal of nutrients can, in part, be dispensed with as this can, if required, be left as fertiliser in the water) offers a particu-
larly large potential for water reuse. With this, wastewater is to be seen as raw material for the product “treated wastewa-
ter, which can have different qualities depending on the type of reuse: the permitted nutrient content is, for example, de-
pendent on the vegetation period and the soil conditions, the hygienic quality is among others dependent on the irrigated
products and the type of cultivation, the solid matter content is dependent on the type of irrigation etc. Something similar
applies for urban uses, e. g. for irrigation purposes and with the use of non-potable water for domestic purposes.

The following types of use are not considered in the assessment matrix presented here:
e industrial use,
e indirect reuse in the drinking water supply,

e alternative sanitation concepts.

Water reuse and recycling in industry are not taken into account in the assessment matrix as they are
already established in Germany and well-developed practice, which at this point is not to be gone into in more detail.
Many of the industrial applications are integrated into the production process, so that, in part, it is not possible to diffe-
rentiate between operational-internal cycles and actual recycling. An impression of the scale of the industrial reuse of
water is given by the following figures: the volume of water used in the processing industry amounts to ca.
30,200 Mm3/year (of which ca. 22,500 Mm?3 is cooling water); with a fresh water supply of ca. 6,200 Mm3/year a vo-
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lume of reutilised water of ca. 24,000 Mm3/year results. The usage factor (ratio of used water to fresh water) is 4.9. This
means, that one cubic metre of water on average is used almost five times. The volume of reutilised water in industry
(ca. 24,000 Mm3/year) exceeds the quantity of municipal wastewater (ca. 9,695 Mm?3/year) by at least a factor of 2.4.
(Data for 1998 in accordance with the German Federal Office of Statistics, quoted in CORNEL and MEDA 2008)

Also not considered is the area of indirect reuse such as, for example, exists with downstream use of surface water following
upperstream discharge of wastewater. The subject of indirect reuse plays a not insignificant role in the densely populated
regions in Central Europe due to the use of the large European rivers such as the Rhine or Danube as receiving waters for
the wastewater treatment plants and, at the same time, source of raw water for the supply of drinking water. In addition, in
densely populated regions, wastewater-typical substances are to be discovered in numerous bodies of surface water. The
factual closing of the effluent-free cycle between treated wastewater and drinking water represents a type of “unplanned,
indirect water reuse”, which is not part of the consideration in this volume of Topics.

So-called alternative sanitation concepts, which are based on the separation of different wastewater streams (black-,
brown-, yellow- and grey-water), are not included in the matrix. Here attention is drawn to the comprehensive, relevant
literature.

5.3 Structure of the Matrix and Explanation of Terms

The complete assessment matrix is shown in the appendix, divided into five tables which contain the thematically
grouped technologies.

The matrix is structured in a way that the various process steps of the wastewater treatment are presented in the col-
umns, and the assessment parameters listed in the lines. The line headings with the assessment parameters is shown in
Table 1.

The assessment takes place through categories such as “high”, “medium”, “low” and is partly supplemented by specific
key data such as, for example, energy consumption or degree of elimination of some wastewater parameters. The details
are based on evaluations of the sources given in the references as well as the estimates of members of the Working
Group. The figures behind each field indicate the relevant source, the associated legend is at the end of the annex.
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Table 1: Line headings with assessment parameters

Aspect Line
) Operating personnel water treatment facility 1
Health risk —
Users of the reutilised water 2
Floor space required 3
Investment Structural engineering 4
costs Mechanical engineering 5
E+MCR technology 6
Economic efficiency Personnel requirement/costs 7
Energy requirement/costs 8
Operating Disposal of residues 9
costs
Operating resources (precipitants etc.) 10
Preventative maintenance costs 11
CH, emission 12
Effects on the Odour nuisance 13
environment through Sounds/noisiness 14
operation of the facility Aerosols 15
Insects (worms, flies etc.) 16
Operability/operating expenditure 17
Requirements on the : - -
. Expenditure for preventative maintenance 18
operating personnel
Required training of operating personnel 19
Degree of mechanisation 20
Robustness 21
Process stability 22
Ability to influence the discharge quality operationally 23
COD/BOD elimination 24
SS reduction 25
Ammonium 26
Ngtr} ent Nitrate 27
elimination
Plant technolo Phosphorus 28
&y Discharge P
quality Viruses 29
(trefatment ) Reduction of | Bacteria 30
rforman
PErOrmance) | pathogens | protozoa 31
Helminths 32
Colour/Odour 33
Residual turbidity 34
Salting-up due to process 35
Accumulation of residues 36
Root irrigation 37
o Trickling irrigation 38
Irrigation technology -
Sprinkler/Spray systems 39
Flooding 40
Agricultural irrigation 41
Non-potable water (toilet flushing) 42
Types of use — - -
Urban uses (irrigation, water for fire-protection) 43
Forestry irrigation 44
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In the following sections the individual lines of the matrix, which contain the parameters of the assessment, are de-
scribed and the used assessment categories are defined.

5.3.1 Lines 1-2 “Health Risk”

The health risk for the operating personnel of water treatment facilities and for the users of reused water are assessed
qualitatively according to the following categories:

Category Remarks

high e. g. with the handling of “hazardous” chemicals
medium disinfection is possibly required

low if employment takes place only as pre-treatment step

5.3.2 Lines 3-6 “Economic Efficiency — Investment Costs”

The details on economical efficiency are of general and comparable nature. The categorisation into “low” — “medium” —
“high” is only to allow a first rough and comparative consideration of the process. These categories are determined and
set limits using German variables:

Category Remarks
high costs > 1,000 €/PT and
surface requirement > 1 m?/PT
medium costs > 600 to 1,000 €/PT and
surface requirement > 0,3 to 1 m*/PT
low costs < 600 €/PT and
surface requirement < 0.3 m?/PT

Provision of concrete variables is largely dispensed with as these are often non-transferable. The determination of invest-
ment and operating costs is to be carried out from scratch and carefully with each project as the economic efficiency is one
of the decisive factors for the assessment. However, experience shows that the costs can vary very strongly both from coun-
try to country and also from location to location within one country. Here the following constraints are to be noted:

e the market conditions and the competition situation at the location/in the country,

e the detailed specifications of the selected technology,

e the relationship structural engineering to mechanical engineering and or equipment with the selected technology,
e the share of the labour costs in the investment and operating costs in countries with low wages,

e the availability and procurement costs of operating resources
(energy, spare parts, expendable items, chemicals etc.),

e the need to have and/or mobilise highly qualified personnel for preventative maintenance and maintenance.

In the assessment matrix the investment costs have been divided into the areas surface requirement, structural engineering,
mechanical engineering and E4+MCR (Electro-, Measurement-, Control- and Regulation technology). As far as numerically
given, the surface requirement is given in m?/PT, as the basic price is extremely country-specific.

Fundamentally, it is to be noted for quantitative comparison, that some treatment steps are designed according to load,
others according to hydraulic capacity. Correspondingly, the investment costs are given normally either on the basis of the
number of inhabitants and population equivalents in €/PT or on the basis of the hydraulic capacity in €/(m?/h). A conver-
sion is sensible to a limited extent only and possible only under the assumption of a specific wastewater discharge per num-
ber of inhabitants and population equivalents.

20 May 2008 DWA-Topics



Treatment Steps for Water Reuse

5.3.3 Lines 7-11 “Economic Efficiency — Operating Costs”

T

he general comments made about the investment costs apply analogously also for the operating costs of the treatment

processes considered, which are subdivided as follows:

costs for personnel and/or personnel requirements,

costs for energy and/or energy requirement,

costs for the disposal of residues (presumably under German constraints),

costs for operating resources such as precipitants and flocculants or other chemicals,

costs for preventative maintenance.

Given numerical values refer to German conditions for newly erected facilities. The transferability to other countries,
according to the comments on the investment costs, is not directly given.

For some processes the overall operating costs in Euros per cubic metre of treated water are given in accordance with the
following categories:

Category Remarks

high costs > 0.4 €/m® and < 0.8 €/m®
medium costs > 0.06 to 0.4 €/m*

low costs < 0.06 €/m>

The energy requirement is given in kilowatt hours (kWh) per cubic metre of treated water. These values are largely
independent of country and are thus directly transferable. The following categories are given for the energy requirement:

Category Remarks

high energy requirement > 0.02 kWh/m?® and < 0.2 kWh/m?
medium energy requirement > 0.002 to 0.02 kWh/m?

low energy requirement < 0.002 kWh/m?

5.3.4 Lines 12-16 “Effects on the Environment through the Operation of the Facility”

The environmental loadings on the operation of the facilities for water treatment are assessed qualitatively based on the
following criteria:

CH, emission (or emission of climate damaging gases),
odour nuisance,

sound/noisiness,

aerosols,

insects (worms, flies, mosquitos etc.).

Category Remarks

high high environmental loading
medium medium environmental loading
low low environmental loading
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5.3.5 Lines 17-19 “Requirements on Operating Personnel through
the Operation of the Facility”

The existing level of training of operating personnel in many developing countries and emerging markets represents a
limiting factor for the selection of possible technologies for water treatment. In the assessment matrix the requirements
on personnel with regard to a controlled operation are assessed for each treatment process based on the following crite-
ria:

e operability and and/or operating expenditure,

e preventative maintenance expenditure,

e necessary training for operating personnel.

Category Remarks

high high requirements
medium medium requirements
low low requirements

5.3.6 Lines 20-36 “Plant Technology”

Under the umbrella term “Plant technology” are gathered together the technical details on the respective processes, in
particular on the treatment performance. In addition to numerical literature data the qualitative assessment categories,
given below, are used.

The quality of the treated water and/or the treatment performance is assessed based on the following wastewater para-
meters in relation to the degree of elimination:

e COD and BOD (organic carbon compounds),

e SS (filterable substances, solid matter, suspended solids),

e nutrients (ammonium, nitrate, phosphorus),

e pathogens (bacteria, viruses, protozoa, helminths).

In the matrix the detail of the degree of elimination in [%] or the concentration in the treated water in [mg/1] achieved

following treatment; the reduction of pathogens is given in logarithmic steps (log-steps). The following categories are
used:

Category Remarks

high degree of elimination > 70 % or 4 - 6 log steps
medium degree of elimination 30 - 70 % or 2 - 3 log steps
low degree of elimination < 30 % or up to 2 log steps
no influence degree of elimination < 5 %

not relevant e. g. if employed for post treatment only

Further parameters are drawn upon for qualitative description of the properties and condition of the treated water:
e colour and odour,
e residual turbidity,

e salting-up of the water during the treatment.
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Category Remarks

high the treated water shows a high
(residual) colouring/odour/residual turbidity

medium the treated water shows a medium
(residual) colouring/odour/residual turbidity

low the treated water shows a low
(residual) colouring/odour/residual turbidity

no influence ---

Additional non-quantifiable parameters are drawn upon for the direct description of plant technology and comparatively
qualitatively assessed:

e degree of mechanisation,
e robustness,
e process stability,

e ability of influencing the discharge quality operationally.

Category Remarks

high higher degree
medium more medium degree
low lower degree

The accumulation of residues due to the treatment process is assessed as follows:

Category Remarks

high > 80 to 110 1/(PT-a) dewatered sludge for disposal
medium > 40 to 80 1/(PT-a) dewatered sludge for disposal
low up to 40 1/(PT-a) dewatered sludge for disposal

no accumulation

5.3.7 Lines 37-40 “Irrigation Technology”

In the case of a utilisation as irrigation water, it is stated for each treatment process, whether the treated water can be
employed using the given irrigation technologies.

Generally the solid matter concentration (e. g. expressed through the DS content) for irrigation facilities with very fine
elements or spray nozzles (as in the case of root or trickling irrigation), has to be very small and therefore a filtration is
recommended or is necessary.

For irrigation technologies with which a development and distribution of fine droplets and aerosol particles occurs (e. g.
through sprinkler systems), the treated water should additionally be disinfected in order to minimise health risks, e. g.
for field workers and neighbouring inhabitants.

Category Remarks

suitable possibly, however, limitations due to necessary
filtration or disinfection

less suitable requires filtration

not suitable

not relevant e. g. if employment as pre-treatment only takes place
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5.3.8 Lines 41-44 “Utilisation Options”

These lines detail for each treatment process, in accordance with the following categories, whether the utilisation of the
treated water is possible and/or is worthy of recommendation for the respective purpose:

Category Remarks

recommended

possible

not recommended

not possible
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Treatment Steps for Water Reuse

Legend
No. Source
1 WHO, 2006a
2 GUNTHERT and REICHERTER, 2001
3 ATV-DVWK, 2000
4 DWA-Landesverband [Federal State Association] Bayern, 2005
5 MURL, 1999
6 VoN Sperling and CHERNICHARO, 2006
7 ATV, 1998
8 GRUNEBAUM and WEYAND, 1995
9 LENz, 2004
10 ALCALDE et al., 2004
11 STROHMEIER, 1998
12 WEDI, 2005
13 ENGELHARDT, 2006
14 GUNDER, 2001
15 FRECHEN, 2006
16 SCHLEYPEN, 2005
17 CORNEL, 2006
18 LABER, 2001
19 Novak, 2005
20 DWA, 2006
21 LUTZNER, 2002
22 IRC, 2004
23 RUHRVERBAND, 1992
24 BARJENBRUCH and Al Jiroupi, 2005
25 Working Group (joint assessment)
26 Tim FUHRMANN (personal assessment)
27 Hans HUBER (personal assessment)
28 Volker KARL (personal assessment)
29 Roland KNITSCHKY (personal assessment)
30 Alessandro MEDA and Peter CORNEL (personal assessment)
31 Hermann ORTH (personal assessment)
32 Holger SCHEER (personal assessment)
33 Florian SCHMIDTLEIN (personal assessment)
34 Christina SCHWARZ (personal assessment)
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Treatment Steps for Water Reuse

Appendix A AbbreViationS (not part of the German version)

Translator’s note:

While the main terms remain unchanged as they are recognised internationally, the abbreviations used reflect the Eng-
lish translation of the individual German parameter. For simplicity and clarity these have been chosen to match as far as
possible the German indices. Where this is not possible the original German symbol is placed in square brackets after the
English version. This procedure is not intended to create new symbols for the English-speaking engineering community
but serves solely to make German symbols/indices comprehensible to non-German speakers.

Abbreviations Definition

English German
BOD [BSB] Biochemical Oxygen Demand
COD [CSB] Chemical Oxygen Demand
DS [TS] Dry solids
E+MCR [E+MSR] Electro-, Measurement-, Control- and Regulation technology
N, [N, total Nitrogen
SS [AFS] Suspended Solids
PT [EW] Total number of inhabitants and population equivalents

DWA-Topics May 2008 33






Aaalal D\T}A.‘ 4;.“.&43 d;JA
aadiny Bale Chag

May 2008

gtz




e\d&l«-ﬂ‘ﬁ\ sale| dé@..\ Aadlall olaedl :\911:.& dal A

Translation of text from German to Arabic and French was
funded by the German Government through the German
Technical Cooperation Programme “Regional Cooperation
with ESCWA in the Water Sector in Near East/North Africa”
implemented by Gesellschaft fiir Technische Zusammen-
arbeit (GTZ) on behalf of Bundesministerium fiir wirtschaft-
liche Zusammenarbeit und Entwicklung (BMZ).

gtz

Lilall 5 elpally ddlaiall Jilasal) aaead goms 1) GLU & (DWA) Cliléill 5 oauall ol 5 slpall 4lalY) dda) M1 ()
IS (e Lgala tgd‘.mﬁ\} Ll st delaie lgieSy _c\:mﬂ Al Xl BJ\J\X\ ‘)..3# ‘55 gu\iiJ J<é KS‘)L&:\A L‘A.aj 2Ly
A Alea g i) g daslall olpall g olpall 3 1) Vs b (ala

LaS Al 3ol6Sh (5 3 elzae V) (e S dae Lgad & Ly s Jlaall 138 8 Alalall Aoyl 1 & DWA D) el Lys sl G
| gasac 14’000 ih\‘)j\ (M.ai‘, J}é.&aﬂ Q\A}h»j\ BRI GJ@A\ L_uw‘)Jﬂ\ CA\).U ‘)A:\tz.‘d\ &5 ‘55 oala s el ui

A laal) Sl sall g A Sal) Ciliggd) 5 dpunigl) il 5 Cilaalall g laaldl e cmdasial) ol jaall g o) uall o s¥ia
e 4l plaal) il go guiny 3 AS el 5 ulaall g g g Al il ) Cyady gl e Ak ) Alaial S i
Cilranall s Aaall dleal 4 g3lall 5 dpaleai@y) cldlaiall y Agalall s dal) Jlased) 1) il JJgally idasll (5 giall

Al

rdan i )

) e 18 Jsally LAl

el 5 auall Couall 5 oluall 43l ddasl ) DWA

(A2l Aaaill) delyks Theodor-Heuss-Allee 17
Druckhaus Kothen 53773 Hennef, Deutschland
+49 2242 872-333 :sila

:ISBN +49 2242 872-100 :S\é

978-3-9417089-83-9 kundenzentrum@dwa.de ;3558 x
www.dwa.de < iyl ASud

7100 a;.u.u 5 4 90 K\PA| é‘)jl\ ‘53:- :\.c-}vLA
© DWA Deutsche Vereinigung fir Wasserwirtschaft, Abwasser und Abfall e. V., Hennef 2009
Allall g aaall s all 5 olaell ApilelY) Aoyl )

O USG5 gl die ol ol USI 138 215 3ale) 7 gansall e s (AN AN L) A iall Lgad Lay Ak sine (3 siall ppen

039 e il dallane < sl 5 Aadl) b Lgaladind oSy 3 gl sl Jie AT e ja) gl ol ald g Saal) oy saaill J3A e JISEY)
alal) ds8)

Lo 30

36 May 2008 DWA-Topics



plaaiu) Bale) cioga dadlal) olpall Aallaa Ja) e

d.asdall

Claglaa llia 5 3l 5 (Béll) Sl e 5,0 ST G sSia gallall (6 simall e sluall O ) aaeall e 2l e (S50 5 ) i
e A Sl u_ﬁ.w\ c.ﬁab S8 Ve "GEO-4" ) 5322 2007 ra\r_ A5l Baaniall r»;\]\ Aekaia Galj),d ‘._53:\..\3\ a8l gé 39 LeS Badxia
Bofa 28 3 ) gall EDlgial s Pl Lﬁm ol eV e € e al DGR (6 gl g (oA el Al e 2 Lﬁ.-m 9 ?H’J‘ O\Sas
ale) 5 lgaladiul Bale) A e lag dplell 2 gell Mlgiial (0 2all A e O 6Ss dall ld AL 5 lgamyexd e Axglll 5 508

_IA)..U_\E

Cladadll 480 el dagis (Sls 5 533 (5 siua o & saasall 138 Ul Jans laa s 2S5 5 i g bl 8 433l olgall ol
Aalall 5 doundiall Aalll 25a gy Gilal¥) elial) gladll JNA (e Sl sleall o Jgamall Glillaial) 325 5 4 sall 3 sud) 8
Al Ayl 1 Ax sl 5 "olgall Jlasinsl Bale )" () sing BIZ-11.4 Joad) 48 33 Coanls 388 sl Ca sl ekl 32003l g1 5V e

(DWA) &l 5 ausall o uall 5 olyall

Uald da e )AS“ éj:.:l} Jal) ;\:‘-)3 r‘h\.@.ﬁ a) AleziatY) 3_\\5‘\ =L 4adlzl) atgnj\ g\:ﬁ.\ﬁ 2\:}3».9 d;\).q fan g9 Jdald u\S 28}
5 A ghane uin s o3 38 Jaall 483 JYA a5 I3g) 5 ol 138 o 58 pe ey Lilall 3 LgTindid iy 3l cidenl) Lle
_L@J\mlm\ sale ) Caaga Aalzll oliell dallaal :‘\:mj:.l\ é#\ 9 Q\M\ A L@J)'; %) ‘;ﬂ\

Jlaal) 5 e il de gena (el Sa Cud DWA S dadill s BIZ-11.4 Jeal) de senal Codiall Joall 138 (e i) of 5S5all (10
dal Ge deall Cing g Qi el Lo sleaV) (Sar Y 5 5_ualae A5y DA e Caran g andill 4d ghana (Sl DWA = dualal)
Lgalaaia ?3 Asﬂ‘ PAEA| Q\A}L&Aj\ 9 Q\A\.@.M:‘Jj \@3\334\} \A)SA Ce Jaall 2\;‘.)3 ERgE ¥ uay;aaj\ \.J@..: 9 d.u.aﬁi dS.Su \Aﬁ}hﬁ

c§}d\ A e e\J&:wY\ sale) Canga Aadzll slell dallza Aglec d;\‘).d e:gsﬂ\ :\3}9».4.4 Bl gé d...\uS\ JJ\J.; eJ&:wwﬂ A g
ik lehaai 5 Jglaall eded gsall axdiuadl (Say 5 <http://www.dwa.de/master/wastewater-reuse> i_5SI)
Adlaliial g aililliel

&silsall

5 "slgall plasind sale)” o sing DWA J dxdill  BIZ-11.4 Joall 48 38 (8 (10 4zan s 3 DWA o sdball 5 saasall 138 )
a3 U 1S s Gl Gl A sland b L

CORNEL, Peter Prof. Dr.-Ing., Darmstadt

FIRMENICH, Edgar
FUHRMANN, Tim
HEIDEBRECHT, Ridiger

Dipl.-Ing., Mannheim
Dipl.-Ing., Witten
Dipl.-Ing., Hennef

HUBER, Hans Dr.-Ing. E.h. Dipl.-Ing., Berching (Sprecher)
KAMPE, Peter Dipl.-Ing., Maintal
KARL, Volker Dipl.-Ing., Frankfurt

MEDA, Alessandro
ORON, Gideon
ORTH, Hermann
SCHEER, Holger
SCHMIDTLEIN, Florian
SCHNEIDER, Thomas
SCHWARZ, Christina
WEISTROFFER, Klaus

HEIDEBRECHT, Riidiger

DWA-Topics

Dott.-Ing., Darmstadt

Prof., Kiryat Sde-Boker, Israel (Gastbeitrag)
Prof. Dr.-Ing., Bochum

Dr.-Ing. habil., Essen

Dipl.-Ing., Bochum

Dipl.-Ing., Bochum

Dipl.-Ing., Neubiberg

Dipl.-Ing., Eschborn

Dipl.-Ing., Hennef
Department of Training and International Cooperation

May 2008

Al g aual) Coall 5 olyell Al ddogl S ot Sl Sl L (e g 5 el (Buia

37



Al ALY Bale ) Cidgs Aadlall olyal) dallas Ja) e

Gl giaall

K372 OO U TSP daxial)
B e e ettt ettt ettt et et et e e e e e et e e e e et e ee et O sélsall
B e —— el asiaf o han 1
30 ettt ettt olaalf ahadiv Bale f Auand 2
B0 oot ettt ettt et Laalall sludf alastif Sale i 3
B e O gl g LAY 5 Ao Laia ) ol ) 1.3
Al e b gh gl bl 23
TS Slaa ol dul Gtlf 3o LS ¢ culiladl & S0y ldbig 3.3
D ettt danall il gl 4.3
B e, & gal) A ya g A3 UG 2| g3 53
A3 e, slaall ahaaiaf Bale ] ay jLial Bl gu¥l 8 datidl il 6.3
T USSR gl s il 73
A4 e ettt ettt e ettt ettt RS (R 4
B4 e e, Lalad) B Alee ik 1.4
S e ettt e e e e ettt ee et e et e et Lalle didaq 4K 2.4
A6 e phaiuy Bale | angy daalall olialf dallas dlie f ghadl anilil) 43 hins 5
TSR dbghiadl o 1.5
BB e ettt ettt ettt ettt ettt ettt ettt e et ettt et et et araen Chaaa 2.5
TSRO 3l i g A8 ghemnll Aoy 3.5
B e, pl jalae g ol Geglie 11 s
D ettt ettt ettt et "ol bl 2-1 Sha¥t 135
D e " LY AHST ALY (g sl 6-3 Jhandl 2305
] | SR "ol A8 — A oLa®Y) (g gaalt" 11-7 Sl 3305
50 e "Uanall Qe dagi Al e 80 16-12 bt 435
1 OSSPSR POl Jlee it 19 — 17 bl 535
5L ettt "l L g€ 36-20 e sl 6.3.5
. TSRO "ol e e 40-37 b 735
1 TP aalall
B30 e Leatadind Bale ) ags daslall olaad) Aallaal dlealf ol ghadll @il dd ghime ;B
67 ettt ettt (Bl Aaal) e e o) il peainal (1) 3al

Jglaatt daild
A e et il il 5 skl sl 1] Jgan

38 May 2008 DWA-Topics



plaaiu) Bale) cioga dadlal) olpall Aallaa Ja) e

eyl ppalge a1

oY) Cpms DA Cogas g samsall 1381 gall (s shanal) o (s samd pen] gl Lgalaaind saleY dadlall slyal) dallaa L) dalal
G @y LU Al del )3l Gale Y Jexiu¥) e dules ai Cua casiall Bhlie 3 b el Ligosl L8 ) e JS
Go bl (mia s g e S0 dualiiall 5 s8] el 8 daala 1a) e Lelain) by olpell Badaiall dinall C¥Laall 8 plaaiY)

58 giall Adall oluall polica (e S0 Adaall sluall Cilalginl () 65 Cun Apaliall Aakaiall (e Lgad so

golsall Basa (e A oall g Aida gl ulzall g aed 8l I AdaYls Chas Ba8xa daga ey Ledlazingl 3ale Y dadlall olyell dallaa (L8 13¢]
Alall o) sall 5 i) & 63 Jie Glavall 8 3355 o ona (AT 1) Al (e CBlEAT Basaie Ciladae Liagl lia dallaall L ol 533
A aal el lgie Badeie 5 5 S g osamgall Adlidall Cloadl e dA3all @) ediall Gudaall Cpliidall oy 5 siee
5 JIMENEZ 5 (2007) ASANO 5 (2006) WHO 5 (2001) ¢sals ANGELAKIS 5 (2006) AQUAREC

.(2008) ASANO

i BIZ-11.4 Josl) 458 i 58 Lgalains 3aleY dastal olsall allaal dpnsiall il LAY ped 5 ALl § ka3 sllae Y
e Al ge S i Cim Aedlal) sleall Aallad) AR Cibendl ool 2 s anss DWA J dadlls "alaaiad) salef" ol sie
Al IS5 5 3 pall IDNgi p BELI i 5 oISl 5 AN ol 53598 Ailiaall Gailoall 1) billy Aaleal) Abee
A3l (s \glaiad B3l Aaslall slpall dallae ilee (e A0 Aglee (JS] adlamal) ap3md pgiill Agloe Jadiiy b st 5 A 5
‘_g e:g:ﬁﬂ\ Q\AM u‘.ﬂ \.3@.} CJlezia) salels L@.ﬁj& 9 K:m)ﬂ\ Q‘.:}JMM 0da ).LaliA Ce QIA‘ﬁhA glaxig &L\:}Lul\ XYY (a X 455
Zallall e oluall 5 3l elia olaall 5 5 ) ol Jlasian¥) 5 el 30 ci¥lan b Aloaia¥) Glo ulad 0S8 S5 g3
oal) el Cigual) palieg lasall 5 olgall alaind 32 5 el e (3kall 5 Aelianl) gl 3 sbyal) 2ol Jla ) (sl
15 3 5S35 A siumal) 038 e a o Raslal) sbaall i Copemill Ailiaal sl G Jemill Gl le aaied 31

_)\_\m\‘}]\

L) kel 5 Gkl ulas s CililSa) o dpulad Claglaa slloe) s ppill 4 hioe o laal) 138 gl se e Cagll ()
L')S.A.J 43 ‘g.c.i\ Y 9 J\)ﬂ\ &L\mj :\.L;Lw.\ 9 a:.:\).u XY Y u'a‘)a:\ XBM\ a.JA‘ _:&AJ\:J\ DLiAj‘ :&;ﬂz.‘\ ‘L’Li"i“ 8% .\ﬁ)‘ﬂ\ ebilu\!
gl 28U 48 ghaall (A8 dala CWla 8 b Guanadiall QA Ge 058y O ey @5 dasia i 8 38N (S Lgalaainl
138 & 5 A shlaall Ol pall g Yl gl s cadla g g pde Jl 8 AT aeal Bailuae () 5S3 (ST g padigdl Jeall (e dicalaindl
5 dalall mlladl) Glelea (w33 g0aal) Al o padll 4ay o Jiay 28 shiaall o3a Gudai Jal (e ddagiund) 238 olé 20l
4o )3l shliad) i clalll Galadiall 5 Clasall agiad IS 38 5 CVISs ae psliil) (al 2V s Culad) 5 bl el

AN s Lalall 8 (e ) 30l ) Caagy)

2 olgall aladiad Bale) Aseal

Ol ST 5 Byl e Agelle AlSia Biad 3 ) sall 038 o Gl aiia (e a3 A g allall 8 Alall 3 ) gall A3 s0a ol
O Alall 3 ) gall ASIAN e a )il s Apaliall Cog kel ddla) Adlad) 408 5 dilall shaliall L 53 s sall dgalill (laldl g T3
O S g8 oluall 8 Bl ) 35 8 i N Gl sa Ll a3a 8 alaall o i) Dl deS g li ) 5 ol Sl GASL sedll
SV ol e LS i Asall 5 Ankand) slpall gl Al 5 AalainY) Gl A gall e olpall jalass 1) a5 lal)
7 Vs Al sy o a8 siall (ad @NGILO Al BlasY) ava 5 (2006 |, sSasi sll) oluall allall 301 il g3l 885 5 JSLED) p8LES
b s ) ) o) JEaY (S T gt e g jlind) i a5 le 13) Mall o 8 Coaalia g8 slaall 8 Ll Jaly 60 (58 e Jlale
Gl o8 aliall i) o) pa i aBy olpall Gais e (g silay 1l 48 8 pedd Jlde 2 BV Ll J) 3 Y asl e gy jligad) Juadl

_gaoﬂ:.j\ CLMM GOl _ard gaoﬂzj\ olall 8 GA &)\Mﬁ <gaa 45“ (IPCC’ 2007) gA}S;M

sl gé pgasd Cua ;cgr_\}mj\ ol &lﬁ gé az.‘:\ﬁ Al 5 lgie e Y B )g ma s Olalidl e apoall gé olaall e\JAL.n\ sale ) o)
_‘éa\l,d\ ﬁzﬂ\ Q\‘);\:.'\\:\ %) d:dsﬂ\ gé ?At.&.ﬂ:\ d);\ :\.:\AL.\ (s cBJJA;A\ a\:ml\ JJL&AA 9 J“)A:\.mt-.\ cﬁf” slall é)@lu\ O 3‘5.;§l\
_a\:.ml\ JJ\._AAAS AR BJ\J‘)U t:h.ul..ui T;)A d.asjml\ (;5 u}SS.m daliaall cilalaanwy! Q\Jﬂ:ﬁmj LSJL slaiall 9 a;ﬂ:,«“ daal=ll otzmﬂé

A S IS5 sliiall Rl sbgall paind 5ile] (48 ohaall ASliond) AL LS) con b olall 3 Aol 30 Y 5 Gl 138 i
Aems gall Q\Jﬁiﬂ\ ‘55:: Ig..&ﬁj <) ils 4 slall Cad \a SIa 65! :&5\...'4‘\ Adall olrel) )l e ‘55:: Llaall ‘55 T‘):ﬁs gl ‘;:;\JJ'S\ Lf)l‘
‘"ol:ml\ 33 g2 (6 ghaua Glﬁ: 4lailall 3 )9 i 4aadla cA"

T nd Q85 4y mall haliall o8 Lal BlS je jlaieg dallaad) ol dallaall e daslall olpall aladind aiy dualid) 231 (e 3N b
L@j} —alaall B _idy ;\Lﬁ)‘\ =% 4l )\.JA ‘55.{:} ij\;A Lds)ﬂ}ﬂ T)L.v Lﬁ)ﬂ dh«;\} u\S.uJ\ d..@. %) dadlzl) b\:wj\ (;\Jil.u\ ra:g .J...\.Jaﬂh

DWA-Topics May 2008 39



aladiu) dale) daga dadal) olaedl &91\:.& Jal_a

AaaiuY) saley sluall dae o5 Clinal 5o Of aas dasale (S5 402 Y) £l L8 dallaal) e dadlal) olpall oaluds ddle slaw 4
Jsall el i olaall a3a aladind o3y 431 W) "WHO dpellal dasall dakiin Cilagded o 2l Jsall s3a 8 4d 5 e (5S3 Le Bale
.(Ruth — University Bochum, 2005)4s.all la s jall ¢ (8830 (5505 43 536l 448 1) (5 50 Aalill

)L\$Aj‘ d:ﬂsﬂ a\:mj\ XYY a;ﬂ:m 3 )9 o ?3\'3 olae doa 4adlzll b‘.:bd‘ )\.}3&\ Lﬁ)})".‘“ u&ﬁ b‘.:bd‘ )JLAAJ 4ol M EJ\JI u\a«aj}
A08) gl e CilaladiuwYly ddlaiel) dyaasll

dadlall slyall aladind i) Cliyinai 3

Jo:8ll g 4885 g Ao ladiaY) il 1.3

il ums;ﬂ\ gﬁ eALmﬂ u.a:..d\ \gasaxs o Jdelan dalida g\:h.nt.ui d.&\\j&.} Aaalzll oth\ e\h:u.n\ sale & 5a 94 &SA:\.}
AadAiuall L ol 1S3l () S5 u\ oo @l sl ;i:t.n};d\ Blally danall e i slaall pladiul Bale) Agilall ) el al yinuY
AlE g dpelaial) Jal sall Aiald dpeal @llia Al sell g dpepdaiill o A sl Blaal) ) Adliza) Aaical g5 ol Ao

Sl 13 e pllal) o daline Shalia (3 s8] ol gall Cinans 288 olal) 03¢ lgiaal) 5 s plainY) Sle) b ele Y
‘ss.g SN ) .\Aﬁi} I\.&M\ 48)<s &\éﬁ)\} Olee Y (e a\:ml\ c..aj AAJJM 48k 48)<s J\.:..m\ &\.:\3)\} aw\ a\:ml\ c..ﬂ \)L.\ ‘ﬂbj
L ol €0y Aa e ol 1) 3 my 138 5 Aallaal) olpall (e B CilaeS aladiny QeI i 1 ) isl 38 dasl 5 A jlaa Sllin
OF Y Aadlaall slyall aladind i sl aai e SN O mas (0l g Al 1) slyell dge g1 Ailpnall s Juail) GlAS g dardiinuall

LAY e glay ol Akl el (Lada

‘§§ Ghliell (e i< ‘§§ Prvityy gaﬁk e ()l gaall g ludl) CBlizad e\hfw\ SIS g & ghill ALE slyall g ol slie e\hfw\ Qi )
(;AJ}:‘.;IJ \..JAJ at:mj\ (;‘Jilu\ Edtr—y dalA :\:mat.ua u.ul.d\ )@L'..\ |PAS _EJ)SAJ\ b\:wj\ e\.l;l.ny :\3}5 :\.a'a)\:.A Saa 453'“3 43 \)1\ eﬂzl\
olaall 2 Jal=ill (e 3a0 Lea slaall (a\JSS.u\ (a pgadal oy Aoy ye Ji 403 ci\}d ddlaa) dallaall olpell (e r::ﬁ\‘).;ﬂ aaill lady
ot Slaaall Jead Cag 138 e g (olaal 35S0l ALiaY) 8 main ga 9 1eS dadlaall oluall aladind auandd Gaall Sy Liayl) dallaall
aall Vel (pauniay L)A] e\h.u M)AM il etk.’d\ qaa99 Jar il ?"@M )}.ﬂ\ )@.La:i Lia o u.n\.vﬂ 3\:1_\_;3333\ Q\@;}ﬂ\ Py Q\:AA.!:

olall a3l Ji dlia )55 o V) s i) sall 038 e slaie ) 8 Gl dallaal sbaall addianal s aladiasd JSI Cliaal sall Ga isY)

O B8 CWla 8 ing 138 5 Slal dagalll olall agialal 1k Lday) ¢S5 dael )30 Ciladiall Slgiuay Jlaaall Coadlill Jia
_3_\}55.4 eS;ﬂ‘ eL&} Alad é:\.’hﬁ Sllia u\S \J\ duala lgiad g L@JA\;S rajg 2\:»4“)“ d}.ﬁj\ L})ﬁa

Glaiidl DA %) git.g.ﬂ\ éj@l.mj\ & Jlaiyy OsSa gﬂ\ alall < ‘;éj 4allx.ll a\g.nﬂ ‘).»."Za\.}.d\ ?‘ASSMY\ Aa gé 43 c.;.'a\}l\ 8%
gkl Aigma daalg e V) Cams 3AY) g 4dd alleainl Jas cla dhal o b eleS gia ol el Jlasinl) g 4l )3l
) A Al s Jagbaddll Jal je Ay (e ALY JS Gle Ala) s AS liall e 0 Y zaldl Gkl Claaaly 448G delaiaY)

rosiball kil e el \gheal Caliad i) g AN apaial sell e W) Cpmy 3AY) o iy 138 5 doleal)

(L siall olall e &5 lie o sllaall olal) sluall 303 Gilse @

ganal) CilllgaY) s dild e

_a;ﬂa,«j\ o\:ml\ ?\_\iim\j Cl:u}( a:usl\ &L\\M\ °

daee d a5 s e ol (Lol skl bl (el Jalse cJsaaill Jlas 36liS 5 23 ) 3eliSll s i) Cldlia @
ol

(Dl i ) Jul) IS 5 (Qlal) ol i) ASa e W) s (38T AaalaiBY) 5 Aidlly ALl g g0nll o

Aagenll g A VL) @
Asaadaill el e

40 May 2008 DWA-Topics



plaaiu) Bale) cioga dadlal) olpall Aallaa Ja) e

dallaal) sluel) AIOAILY GAaal) g8 e

63 1900 ale 8 pball o A Aoy ia Lala ) )50 Ly il Qe g Jows Y1 (5l 8 dpadlsY) Gslaliall dallaall oLyl aladiul Gl
e (sl 20 -3 OBy a8) B8 siall olaall oo A1 ks 5 alEll (e Ay 8 Bhlia L8 SA 4500 () Cuadiul dadlall slall
L 3 Osale 83 L dhaany (V) A (g 5de 72) Sl a2 33 3)5 (2007 dims (8 caSa e Ol 40 ) a0 aa s OY) CaSa
danlidliy ey g alld dallaall olpall aladiul Gf 223 S AL eladl 488 L6 dallaal) sluall lgind g6 ) Ly e (s8¢ (2017
olaell 3 iill dgal sl

sale) eite b zadasl A 430 gandl oo il a3l 8055 A8 Ghall danl Mas e G55k G0 dlay 45 198 ey
o ualai Y 4allzll) o‘.:mj\ (a\JSS.u:\ s _o\:m]\ laa :\:\\A;j o\,}.ol\ & Jalailly ELASA\J\ peN eﬂu:}(\ o g;?L gl gé o‘.:mj\ Slazin)
(2005 5 Glaall) A3l 5 o ¢ o Lad JaaDly W 5 4 slael) Caala e )

Lo gl gis3l) il yllalia 2.3

Oloaa Caa gﬂ\} Aallxall é‘)L} a\:mj\ 273.::‘5.1 Q\Jﬂaln Oloaa A d;uu 65.:: B\L\JJ\ ‘5.5. Aallzll a\:mﬂ u.‘ni ?\353“:\ u\.m.aj
438 gall olaell g Aasiall sliell djleal ?M\ Al Otady) dgleal ﬁﬂaﬂ\ Jedd Olalkiall sda Aaulial) dpa ol oS3l JDA e &y o3
Lﬁ)n Caldza g fa;):’ﬂ bl o gell 3 33 sl

ol Agadans A elall 038 (335 Galkaiy 138 5 adafiie S5y deddionel) 5 paline (S50 58 giall sluall (g A8l Jiady AT (gaad
:ﬂw\ e:’:\sﬂ\ 3\3}3..;441 ol LAl (Soiaag 95).)35.’5\ d}luwj\ Jia :\J})A.qj\ at:mﬂ 33334 olaa g\:ﬂ‘—y &_ﬂhﬁg \JA} ;\,.\SPH U_I\.\\);j\ 53
2\533;,45\ dadlzll atg.oj\ a;l‘.an Qt:usﬂ ?\ASSMY\ t;ﬂg.vts.q\ ua}.s.a;.v AR |] Q\M XY 63.93 J\MY\ (KYY (e W\Al‘ ;)&M gﬁ

clbaaall duladnl) 5elas 5 cililaad) A )Y cladlial) 3.3

Aallaall 43k cilagas o eliy Ay gllaall il gl (38a3 lasa OSaYl Sy o) o) Aallaall 3k Juadl aladind (e sald Y
LDl lasial lmgl Adasall 351} 3 8eliSl (e Badme da a bk Aallnall olyall aladina¥) sale) Alda Qi ddee (8 Aedidusall
Oalaoals Jlas dsas 55 ma Lizg 18y Adle A ghuey | s pai] Jdil) ol apali oy (dpaaall ddeall s dddaill) 4yl
ol i) 8 dald e (S pgdlaial g A a0 <l 50 b (S Ly skl 4048 3 QB HLal aiy of oldiW) Caagy L Cmsde

£ el dsrazal 1Y)

o Loy ot Al g dallaall Cillaas adde 5S35 (O g 3 @dl gl (uSe e cildbiall oda () 5S3 Ls sl 2 la Jsall g
il ) el g5 aae

AFS e OMage 93 pilLl)

Csalall g (paad B )5 e

(e Jadie (e Yoy 3l 50 e ddiay o Jlelal 5 (il ) g (i35

Agilase & 8 NI e 5 08l ade g4y 3K a5 1)

wsL}d\ C:\;.J:ﬂ el.qi BYTS Lﬁhj lglonan 8 g .a:v}\.agﬁ\ J‘}Aj‘} KE\H\J ‘)\:u'd\ cﬁ} Glazall daald Jaadsl) QL)S.L»SAJ Y A%
) Juasil) Cldial ga g dag i 3adad A33lS4)

Junl) Jlead dglle 3eliS e dbilaally ol il Gle eliy ddaael) Jondi (el bzl Al e ) Cprs 381 iag WS
pRAELY) Bale Y olaall & g e Jophadd die AASH Clua e i S

il 8 Juadal) Belds 4y 80 1 lha
adl Cillaase 203l (e cin Al 13gdy s JSGy A8 gl Dl a3 B ) L gale IS bl dallas Cilbas see 5 ddeld
A e e 5ol laaa) lewd Jurdill (e ALJE 0 gin dmy Uigaa

Cilbaaa Jaa il P Ty GALI)J ‘;AIA‘\J\ cﬂg)ﬂ‘ ae Q‘,\aﬂl._aj (ONA) 4_5)\;445\ cllbas Szl :\:1).1\);5\ dalaiall QP.J
zabise dadiyy | il all eladl 288 (e Alleall o8 gha Cog pa31 (ald e 53 (8 G )N S ja ngad pls 33 G e G ad slyel) dallae
Lot 1) s Axgliall 5 dilall g JSLERD) 3 1a) caSaill g (il g A8 gl Dilpall s Jaadl 8 GlaYI Gald e ge a8 gyl
Claral) i e Al J85 Y Jsalill 30lS dpeal of Cuilagall ey il al) Cldaae QS 8 € Caad (B8a3 a8 @y e

_)J\mAj\j

5 e QoS Adee o Alle Jpnas 4805 An i) ) oSid Lo Agial) ) sa¥) L8 Jlaiia¥) e 35 3 ) Ll
(GTZ Emscher, 2006)

DWA-Topics May 2008 41



aladiu) dale) daga dadal) olaedl &91\:.& Jal_a

dpasall il g2l 4.3

Jee Sl lawa g a:,;mi shlaa ol 2say aie o ST g Aedlall olyell ala23Y) Bale ) (381 e Jirii g Jaghadd nie
oo bole ZLE) 3)::55 TJ‘..L;;\ Gl A g0 Lsh %553;3 Agw\ é)H\.a Aallzall Ag20al) olaal) ol Adle U“"'ﬂ‘} olall gAJi:h.uA 9 Jarlal)
GEUXL:} Q\M‘j u‘.}gbj\ ua:\.\j z\ﬁtmyh Qt.uj):ﬁ} tg)gﬁﬂ\ d34 BJ.J.\:M: d\S.J.i ‘53 ;\A:éd &"_114315} :\:M.J‘ g\m)AA C.IL\S\S} ;\:ULQ:*S J‘}A

A1 e aall slaall Agle 53 g allay slgall (5a¥1 Al2RELY)

4,.5)” PO é)bl\ 4330l e:v:é'j Slaa 13¢l 3)\35&3\ L'g‘)ﬂ 3\3:1).& Jia olrell e\dilu‘)“ g Gl:: alizg g\.a.af.d\ sl )L\AA ol
_Bﬁ.ﬂ\ 034 (paia 2\53)43‘ 2\3}5,\44“ ‘55 :*\A.».'AJA

lediy of La_padi of Leall o L) elldy culplidall dpeS 85 Cuny daulia agied 48y 3k aloddul Cang dadlall slyell aladiny s2eldll Caus g
A Y g (@any o)) Asihas ol dalaa 3 50a ligh gl s olaall pladind (e duaaal) J}Ls‘y\ e A Y o (Se Wadie g Jaall Ce
WHO 4allall daisll dabia Jia lgo G imall 43 sall Glansiall Claa i Jadd ) aaay WS Al ol Aalill e apaailla g s

.(WHO, 2006)

| S5 Loa 4 glasSI O e Laall Aagis dalow 4y glasS 2 g (1 683 ‘5.5 ot 288 3] gall 028 ) oliia) Coag e:xs:.ﬂ\ 3 ga (:‘Ji:\.ul‘ e
. ;\.L;Aﬂ.t u..gSA\aj‘ 4alA 9 u.u\.d\.l D) ‘).s.al\

Lla allia 0S5 ol aag ] ddlia) dallaal) slaal) aloain) e 45 ) dpaaall shalaall (il a8l g olsell Slgiuse ol )]
Joa ala g el 31 Qs Alla 8 dadld) Sakai 58y o e Jadl) Al L axdiud daia

Ag00) 480 a9 A3 6i\B) 2168 5.3

DIN =X L:\.ILAM 65 IATEY Q\s..».a\}d\ 0l d.la) wﬁ\m‘} ag.\sj‘ u...u\}.sj\ (e K.L}A.AAJ 2:».:}:15 J.r—\}é Sllia JJJ.S‘ Cpa ‘).,3.35 g.é
t.@.:ﬂ u}Sﬁ Gﬁ‘ JJJ.M A,.,S‘AJ \..}j‘)ji C‘)t; djé.j‘ &;3 wﬁ\&oj‘} ug.'\)ﬂ‘ B\S“)A J.'u:j (Lﬁ,)” o\:mj a:\amj‘ Q\M\J ‘1.».4&;”} 19650
AN Jalasl] olial) Cang 4ld Jalal) G 8l 8 i ) a8 gie sl dagadi olyall
danal )AS.MA\ J\)..a'a\‘}“ t._x.'x'aﬁj b\.:mj\ Yy &a uAY\ dAtzﬂ\ (paaay \JA} ;\.\é‘ﬂ‘j (;\)'ﬂ\}“ u\Mj J\)Aﬁ.ut.j u,p\}sj\ g\z;\f °
ey 3l deddie) Blaliall e gi s lasiy)
L) o3a clllaia ae D5 Y a8 (il gl 038 5 dadia sl daile 5l 5y slaae Il (il g8 G ply ale (SGy5 Jsall Gans 6 @
\.@.4\.353“\ uS.A.J \}(‘9 ua:..\l\ Lé.n.Al..\ g \@:ﬁ J}J;i\ ?:sé éﬂ\}ﬁ Y ‘531\ J.J.:‘L"A\J el 24l =LY 63&: U.'.“‘.S'd‘ 4533 23 °
gols

Lgallall daal) deaial Gpaa i 3l Gl gall JUiall Jiaas e Lgs o yinae A 50 Ciliual go Lial cllia A1 gall (il g6l ddlaa)
daaall shlaall Ja A das Cilagdad s Ciliaal so kol Lgle (3die A0S (.53 Cliual sall 32 5 (WHO, 2006)WHO
Lo sl lalbie Cangd s o sdsar s Saall e lanad 481 jall il g o Cila slra Caal dom g olgally Aaleiall 5 dum o) a0 g Saall
330 dlesdl (5 sina s 7MY (5 sine e IS bl ) Adla) Jled) Qi e Jadii g olgall aladind 3ok ) adad S5

.g;-“—‘ BB\

Al sy el ) Adlal Jeads Qi doe sSall (il s8]l ad Aallzall slsell plaaial salely Adlaiell Aial) Clalkaiall g Guaalaell A8l
Mied ((Slgiona s et ¢l i s Cilalaia) A8Nall 13 Clgall (3 shn 5 Al g pana s A)_yall s A_al i 3 sall el sl e
da.al ¢ Cldual g S S aél..».'a! > LA Jeiia ‘).';i 9 g.B\A 4.38) B2 ?\.Li Alaal g Axalial) 9 Akl Clel al aaaald e

ccldlially ol 3N aae Alla 8 Bakad o Gaag il gie

g t_ﬂL::m ‘§.A a;..‘.'a\jl\ Ogl\}ﬂ\} ..\..c\}ﬂ\ dgag u‘.ﬂ Galellall K:uts.&} &:a)_uj :&:usl\ clblbill 3;..;.'@\‘9 a:ﬁh )5}33 ui [EREN) (DA
c;\.' Lﬁé\mﬁ‘ d )\:ﬂ

el St Leil Aallaal olgall aladiasy iy sill g sl gall GBS 5 dalal) (il 58l L3 o 2 s Y U5l (Sap ale (S

a.a...ut Ja8 %) \.@3,\5\)4} Lga e\}ﬂy‘ pae s U‘Sl} Aallalll a\:Mﬂ u%\h} Cildaal g 2929 plc oA u.n:ﬂ al:ml\ c.& %) g.'ilzj gﬂ‘ d}.ﬂ\
Aol el AL 1T ) ekt (S Y e AL i) A gLl f ALpall dels s

42 May 2008 DWA-Topics



plaaiu) Bale) cioga dadlal) olpall Aallaa Ja) e

slaall aladii) il go el (31 9! 8 daliall pa il 6.3

5 oS o ligh (o)l ki) A€ hasnal s i Aal) kil Lghols of bsall 2l s Faalall s A9 (35l b
BosS Al clall ebilu\ sale) EUQE S8an ) cﬁjloj\ (s olaell tA.eA | o Aallxlll a\:ml\ ] \J@j} _c\:ml\ EUQE ‘55 JL«SL;M

4. ¢ 3\..)4})}3!\ olell A0S0 Cilgaa o g.é. o€ A llall Gl (ST olpall jalioa =3 T saeki e 38 Al px Aa338]) Sl gl gé
ol ool LS ilanall lpall a3 e i S (il olpall g jliial 4313 5 510) () clgiil) kst ) AdlaYly AlalSiall 3 ,10Y1 L)
Lgngalal) olpall pilme (a5 BSN Lyl | Jiaiil) 4083 4pkaad ade 55 siall ALY jalsal) delia) g Shliall (xy 4 e lgiul
el ) a0 sl Lgaladiad 35k sk Vg b ga sl didl lae e lgia Galaill aiy AL sluel) joliaa 3 shaliall 8 s
8 lgaladind Jsaa Yy laa dlle jolaaall a3 Ciagual 238 Shliall e 5 L8 llall gl )l g olpall il 5 Lgie 3alEEnY) ol lgia
e A O ABLY 5 Adall slpel) aladiad 3 b sill g aladi¥) a8l se (e Ay i) 3 ga g Slanadl (e BAELYT Cing 438 Ade 5 LB Baal
‘é..s\JJ\ e\&iiu)\j ClamuoA dusooa K..;JIM \:a;}lyﬁ Aade) o 4...'1}5 Al lae _K:ml‘.mﬂ S92 <l JJLJ\ XYY d.a;g LﬁJM

(}A_\S‘ &"_1\)33 ) C'_l\.x.\l\ :‘;\; [ERTEN K\ ] %) 3.\\53“3(\}

wa g olaad) 22 130 22 ) OWlaa (e a0 «laAlul g 0 3 )laYy dadlall o Aad3d adloa B 433e &llia
g olaall 82 Ct\c'\}ojﬁ J O laa (e s l\gt@\ 9 olaall 3_laY dadlall olell 4 V,“t' O 3apda g A83e llia g
-Lﬁ)"@ﬂ‘} ‘;c\.'ual\ u;\cUasl\ SilaldAnwy :X;ﬂz.nl\ DLiAj‘ IR 3:1}‘)3 uSA:i Lﬁﬁ‘ Ig;t."

a\:mj\ 48)Ss &\éﬁ)\} elall Lsh t._sM\ J‘.:mj\ [ERYINE SJ}J“:“A‘ d}_ﬂ\ 4;5 =) agj\);mj\ :%.ui: ji agj\);mj\ é.L:L'M&\ ‘géé Sl ‘53\ :&ﬂlm\
53 5 (s b3 iy g abaall Alasiad sake) ) A sl G Aill e Allaal Jlanial Copomil liua) sall L sl 5 4531
‘55 e.@..u\lu: 2\.;5\:.‘45\ éJL ‘é.é ﬁ}bﬂ\} aﬁJ\.mﬁy‘ ‘éA\}..ﬂ\j 43kl d)\il.u\ (el c;'é &L\L:j}ﬂ\ ELI‘J‘ u} _?\hlu\!\ EJ\L! é\}u\!

Jaall 138 i de jutall c_iSiY)

g_i\.ua..u Z\QJL..TMY‘ QS\SAU c,.u.mﬂ\ &"_115)..».3& 3_\.,.\\)'34 d.Ac ua)ﬁ e.ﬁj P‘JA:LMY‘ BJ\LJ uati ds-aih,\j PARCSIA] o\zuj\ J.JLAA EJ\J} u\
G.‘. 4adlxll bL:mM 4allza é‘).k (e 4ala Q\AJSAA J\J.s.a:Y\ Jaa gﬂ ;\.3}»4}.4\ ghﬁj C\MS\ Gﬁ Q\‘):uﬂ\ KKl da 6.‘. t.q\.@..a SR GM
Aﬂj@ﬂmj\ cj\m& Juzadl a:u:}.u olae C\:u\ u‘.M& Lﬂlﬁ} Cilaaidlinll Cilelaall aaalyg .Lagh;ﬂ\ d;\f

Ll (58 olsal) aladiuad BalS) (5 g 1 Nia

Bd\c!} a\:mj‘ :\;ﬂ:m Jas 53 f\:dts 3).33 <l uala JS G Lg.m] EJ\E u}& csﬁ)&j‘ Lﬁd\mﬁ\]\ }Aﬂ‘} J}Lﬂ\.} é\;ﬂ‘) 4alal \J\Eﬂ
90 54 2003 ple 8 dallaall olaall (3 gms IS Dia Ly 923) 8 Al ) gl %15 Y Joss g sl Jo2a Of . Lgwladna
e L @lld Bukaiy g (abai®Y) ) ghailly Blall dalay il g ) i a3 sl @llia 3 %10 laBl s0i pa S350l Y 53 (sale
_\:U';JLQ g A15\3

ALl d:u...u ler;_, gﬂh&j a\:mj‘ Al sale) cg;ﬁﬂ ég‘)b Ce éj\mﬁ\}” }AA\ e aaalal a\:mj‘ 2‘.4)1 4allase d}\;ﬁ U:\..Aj\ AA}SA ol
Cmsds o8 378 1Y G iatly oludl) alaatod Sale ] e G alaly Fabalt il H st oS 8 LAY IS 18 ol S o8
ilaiiadl g LL:\J:AU \,3;}3}.'\5:\5\ A B g 132 4 Lolaall 6\453“\ EJ\;}I GM\ Lﬁ)\;ﬂ\ c,q;ﬂ\

Jigalilly madll 7.3

L_LM\ BJ‘J;Y alc\s BJ\J! Cg:\s;ﬂ Lﬂjd} KSLMA&\) eglé}!\j ajj.ﬂ‘ (S ghawa GS.G U:\.I‘}.E. c.ﬁaj} ‘_SJAM Bz izl Q\.utg.u c».ajj K;t; Slia
JSu J‘}Aj‘ Gland) (glaa g I\:ﬁt.d\ L"_I\JJJJ\ ) Jalaill 5_Sisa d}h (e g c;ﬁ.\:\ 138 ¢ el ‘)35“}“} u:mlh.d\ c\:ml\ ‘é.njilu.n %)
Agall Ay ) ahliall Ld (iadie

Aol 3l s detial) () eV alaaiu¥l sale) s ol ol e C¥las o8 dallaall slpell Akiaall Clalaaind Al giaall Jland) aalud
slall g ellgiaall (a dglle Cilealiase olpall 40S5e] dpaall a9 5 s¥) O ilal) Calkaity 5 | ST Ade iy 33 ganal) olyel) jalics Jlanind g
el 52l el g Lo laial A gaial) §_pmadl) Aoy Jusd Cangg Ay ) jeiasY) leial @13 g A0S0 4813 (53883 Caang dumal) (g2all e
Bl (5 gima s ghal e (paddisall Ciladd g (881 el Jialis (lesal pduail) dad e lelis lehiaal oo g adall addduwll i e
dagaill Ghliadl gé CeSlginal) 4pa i L) Ajaliail) Ol jdaay A geda ol e\hl.u\ saley (saall Bagms Ll G.a\‘)g Crodlas 2 g
Laald] 38 giall oluall aliaal dsxall 5 Jows giall gaal) o agusdil daiDlal Ly il s LI i) g Uiy 8 Coginn g 3 silains e olpally
Bl 5 dge gill L Adliaal

Al ol lg) asSa pen b i slhaall sl sluall aloaiul sale) ax lie Jasall (G seiione (8 (0 dediall 5 dlall alioal) auas

DWA-Topics May 2008 43



aladiu) dale) daga dadal) olaedl &91\:.& Jal_a

Jlall () sl il @8 Jgla s LadeSilly amliall (e dilide Blay Jlie¥) Cpme 38U dplail oo il o
(‘ﬂ_\.um 45)3.1 )45}1) M‘} (d.u.u.ﬂ\} J\ 3ol diaddia JL&M‘)M

ety A jlatll VIS ol A4S 5 Andliall Gk a5 alaaiuY) Bale Y lgde A8 sal) Caad g Ll B30 dpalle Al i
e JM‘J (2006) QUAREC ‘)..3‘)33 gﬁ e :\;Ah 4Ll )3}33} Kljal\ ug.'\)g Q\.@;jﬁj eL.d\ Bt;\‘)ﬁj ;\..Llj‘)ﬁm Giladaa (oaa
Aadlal) oluall aladind 33le) e (2007) EMWIS Lasis 4 s sY) (3 sl

i) e Al 4
lilall 8 dlee clipdi 1.4

Ay g (o8 Aallaall olsall pladind G s o o] 430 V) Ll 8 dallasd) 3da el 85 gia g ALl Ay P:m O (el e
E.u.u).m }\ 4\.\3};&\ bl.mj\ u;.uj j\ 44&:\))3\ ua\)r—)d 6)3\} c.m:).d\ ArS LMLQM ﬁ _\P}Aj‘ u\A\JAMY\ JM\ _°. o\zuj\ 3)5}]
03 e 830w Cildgudal b.a..g\ Slia 22 5 LeS (t_x:uﬁ\ J3a Chag Cpesia (il \JAJ) e\J;.le bdlie e LSJL L@.a,y.\.;} alacall Gl&:

LGl 5 dualall gl 8 dpoka ) olyall dallaa

:t;j\a»j Log.ﬁ t.@A\_\iﬂu\ (;3 é)b gﬁs @J\M\}]\ ;\:u):\j a;ﬂ:ud\ at:mj\ kﬂ).ﬁ (""55:"““} Q\LJJ)'A\ @S k;é 3334:\.4!\} :ﬂgjﬂ\ C'_als:ubﬂ\ u\
Aallaal) olgall alaais) sale) i 55 ) A pusiall of sell Clagil e 35l 5245 ool 285 skl il Aulay e Aadkall gl slyel
Blael) Claalill slae g Lis ol gn

Braunschweig s Bielefeld s Berlin & 58 LS Agilall (e Bae dAs ol 8 olaall alodiul BaleY aajlia lia IS 26l
dp 5 & plaaial &3 S5 Wolfsburg s Miinster s Freiburg s Dortmund s Darmstadt 5 (3l 8 a1y ki)
.Miinchen «_2 s Spandau s Niirnberg s Amberg 4 Jlall s LS el

.Braunschweig gé 3.3,#33“.43\ olsell u.‘ﬁ ggﬂﬁel\ sl Lau8AD ¢ 4.,39‘)}3\ u'AU.G‘)U ?\Jiﬁ.u\ dale) - Jla

4naa g._a\..m“}( Ao dda)y dn 8 e dil) ‘ézﬁu\ Slendl e aladl] Aylay Sllia ¢l 1895 e\:; géj Braunschweig PRIEYN 4;-5'
40ll A=l olpel) dallza At e\;‘)(\ AT \..4:\\ Bhaliell o8 ? Al Cpeadl g AlSiaal)l slaell e g.ajl}:’..d\ s=ll Cadadlg
350.000) -2 5 38l 5 dpepanaill dandl <3 Steinhof 4bae 8 QelSlly Lia sl s Aaudlfa () 5de 22 W ke A" Braunschweig
Bi&;n.} fg.l); Q\L}S';A OsSig géhu\.“ ui)” :\sg)ha J\:\SA 3000 48l ‘5&9 C'_il.c}))'nﬂ 5) 63 b\g,oﬂ PRYY ediluﬁ} A_eg.‘a]‘ GS (Z\M

.8d) 3l

L_I\QJJ)A‘ 4.::\)) ‘53 \.&A‘JAM‘ CJA.\ qu) _)S...uj‘ JJ.\M d.m d.ﬁ\ o8Y) J)J_)AM S|k d.h.é‘.AAM 4.::\)) ‘5 ‘5.;4‘)\}” 53 e..\;.\.uu
A3k c\.u}] J\}A 4.::\)) Af.&s.o;\ tgﬂ; 'L T) 4:\;..4 A._alg.my E.\L A9 dS}i g.ﬂ\ )\ o).mlg.« AX}SLA\

4.\:;}4 GS g_ﬂ).u.d\ Aalzal 4:.:.\.\L 4])\.:; OL\MS 44.“;]\ c.uu).m d}s; da.uj \e;;.u} 4.\3};3\ b\.ml\ .).a.);.\.‘ \éA\J;J.u\ ?‘Uﬁ P | A \A\
‘)Jl )A.u.mj\ G;M\ LS)M 4;4.\.1 aala 4.\}& sila (e 4A;L ) W] uﬁjl\ (i G.‘. Aulaal) 4.\343.».“]\ ol \«d\ 44\4\;‘5 o\.»d\ 4;]\:.45

Mgiles g

383l Glaliald g AY dikia (e CaliAl g A8 slaal) il ® 585l ) aladiu) Bale) aa sldie e 8 23e dga g (5
300 o)) Osbogll Ao 3 Saall laie &ly 288 Adlall 5 lall il sindl 8 aliall alall ol 30U dle clalad) g sedsi Lilall 3
csalladl (gl all Gl G Wil 8 e o)) 4ad gie A o2 5 4y i) (e dpadand) A6kl Cilia 6 s 31 5 ale

‘55 ?1.3)\2” XY J\JS:\ ¢§‘53A\ (e 458 ua‘))j L..SJ‘,);M w\.ﬁ;)j 24;\.‘4.&3\‘5 :\:\;\._mj\ Q\‘);nﬁﬂ :\Ai:usj éL\JAj\ 534 8% ‘)..)35 ‘éé (WX
b Cwadiul 1) dald dallael) olyall aladiul sale) (i Qivall s 5a3lul) dus jlaall g uial U el 50 alaain) ol il
Joaa olsy qamj\ ‘)L;M oot Allall o2 qéj Lﬁ)‘i‘-’l\ SDlgiudl A ga C\SA\J u*‘.-.’lj 43 Ll E\ﬁb 3adadiell 481N 3 ga CV.u\ Jaa

obaall Gl s b daabosall g sbaall il e sl dae 8 paluin de 30 L3 dallaall olgall aladiad saley sa0all 3Ll
_J\}A Cl:u\; U":’j} 43kl C\:u\ g_ﬂ@.j EJJ;M\ 43kl J\}A Cl:u\ (;5 a\:MM 83 CaedAlil \JJ ua\i JS:@} LB"L'H \.'JAJ

44 May 2008 DWA-Topics



plaaiu) Bale) cioga dadlal) olpall Aallaa Ja) e

lpelle d8ska Aal 2.4

(é g2kl o iland) — Lo }i o FRAN] bl ) 3aa3e Cldgadal & Aallzoll slaall plaaiul 3ale| dolee Gaala IS5 Gy g Laalle

el juall shliall o ol juzmall Ghliall ] @13 g aaiall Y ol g (Ga,Y1) 5 Libow) Jie 388 Jsd o8 Do s¥) (5800 Aikaia g

dﬁ.m\éﬂb Q\J}M\ 63‘\ a\...ﬁ.'iY\ Casls é\i..wj‘ (AYY ) azﬂpj\ a\.:ml\ u.s; éhsj g)gﬂ\ ﬁzl a\:m C\:u‘\ 9 sﬂ\m‘}“ a:uJB} arngl\
i algall ol 2a%a) sale Y 4, Gl Al ol w3l sda ot fpag alaAEWY) (e Ba0aedl O

(2008) Jimenez & Asano Tall ol.sall al I 3ale Y Al sall Al Hall ol iall sda Caaal (ha g el VI e =]l YA

.MED-EUWI (2007) Lo ¥ 5l ‘;5 4)\;45\ slaa alaadul Bale) 8

il - Costa Brava gé olgal) aldddu) 3ale) - Jla

G5 S g olgall aladiad sale) i agjliel S sk Badly Catalonia o8 4slabudl Shliall 8 spaillys Lilawl (38 Jledd
32001 ) 1989 ale (s L Costa Brava (8 "N . cililusal) g ald V1 e Lyl g 450l 5 dgadand) cladayl Ld
ApaS ) a8 32 (aale 2.3 ) Mgt daa (e a3l 13532 30 ) Clia s Lgaladiasd A0S 5 s sl s Aallaal) oluall 31aS
0dA CladAlial 9 tajl..u 3? U}fh 2.3 45};‘ Jdaa e a:a;)l}..uj\ 4allaall Glades dxy 3€ Uﬁl“ 30 -2 BJJBAJ“S dadAkiuwll dadlal) olaall
at:ml\ );\; &LBJ..\\ c.»d | agﬂ};j\ e\.:mj‘ u;.ﬁ: 55 &;&LM&\ o\.:mj\ CaadAlbw) uﬂth &Jj}zﬂ &._K:NA} J}J}l\} k_u:d\ t)\f Lﬁ)j c\zml\
. Tossa de Mar s Torroella de Montgri  4skic & Jlall ga 1S dalll)

(SALA et al., 2002)

O =038 g5 B eluall aladia) 1l

Coa C:\;JSJJ Sl e oliyg Te g ‘53\.45\ c.».a}\ ala u\ C-E'}i‘j‘} olaall @l gin 3aly 31 Aaiis Adlall jaliaall 3 gaaa 2k QJ‘)‘Y\ el
U= %16 dNzsla g2 g 33 Ose71 sz! Ayl ‘;_5. 4allzall olsall e\A';S..u\ S g 288 Ciladaall g () g8lla da geda g da Sal
L.&LS.A RET :‘\.s\)}\ u'a\).f;;y Aallzall olal) ?\Ji:h.u‘ Alxy (ala ds.ﬁ:.jj QJJ‘}“ éd\j ‘éé.i. 3? 444 s BJM\_, AL\JJM ‘éﬂ\ Aﬂ)@l&n‘}“
ol e gl Lﬁﬂ‘} 33 Osda 57 Alizas Lﬁﬂ‘} Jod @l A Jias g (JJAAS‘ Y- 4;9‘,),}3‘ ebilmﬂl (88A3 ) 311 Ay 48300 olrelly

_e\:.ml\ J.JLAA BJ\J! L;é f\:dt:, i_ymi AAJ'\;H 'BJ\J}“ aa:\:u \..JA} Shioa 453 Aallzl) ddoas uﬂth 428, L;é EM\ ‘1:1)3 a;l\a.a gﬂha

(SCHNEIDER, 2005)
Banial) Y gll— Lyi s g8l L8 olpal) aladiad :Uia

Js8l) IS 5 dedaiaall Lon ol g3SHI 58 g gall 403 638N yplaall (8 raiady 138 5 olaall aladind Bale) Jlaa (o8 8231 ) L ) gallS el
b e s all (5 lgaladind ol aladiuY) Bale) Cargs dwdlal) olyell Lallae 4lase 200 ¢llia 2a 51 Cua 2000 e\f s selaiay)
e el Ailua el 3 Lgeal ddkan Y aa

i gl V) e € e e | Baadal) Y ) Y1 & 0 205 e %70 s 55 L3l s Monterey dikie 3 e
_6}4»/3(’; 83.000 Jozes dallzall slaall (S r:.:iluﬁ clall dalall S}J'J &L:G}i ‘5.54} Aallzall olaelly

Calaall LoDy la sl S “hag Jo e IS G 4 allzal) ol sal) S5 6l aal) & )33 GlSaal )3 IS4 aa o Irvine L)
gl Taa 4081 ya 9 4338 A5y ylay olael) 028 g5 9 ‘;S\A.;}_” olaall S il (10 %20 Jiel Aallzall olaell 038 ¢ (5 ykll e ae) il

(ORTH, 2005)

DWA-Topics May 2008 45



aladiu) dale) daga dadal) olaedl &91\:.& Jal_a

aldAiuy) ale) Ciags dadlall sluell Aallas Aylee il gl apil) ddghca |5
dd ghuaall cia 1.5

(i U:QA\ ,00a ‘sb é:uL:S ila dﬁ 40 A dmﬁ‘y\ l:a.;sﬂ\ P\Aiﬁ.u‘..) ?373 u\ LAy P\Aiﬁ.m‘)“ 33\..&! g_h.@...a 4=l o\”:mj\ &;MM u\
g Jla) de g JUell Qs e (Rpallall 402 Y dalbia Apallall Aanal) dadiia ) "Sie 30 s2ll Guglial) 5 dplaall Cpil i) i Y
Jlse g 23 (5 shane 5 Jraill bl 5 leiianl "aliaial) 5 o AY Al e aliad 3l 2l Jlie VI Coma 32N Cang dallaall
Aol dadll BIZ-11.4 Joall die sana cin 81 838nal) dagall 03¢ 2yl ol g dallaall Cilana abia aedly  Gudaell Qi

(ol pladind 3ale]) slaell dilaly)

b\.:mj\ 2\:’.{:}4 Jia dakidll G:.\}.d\.: é.jzj:ﬁ ez 3\.;1“ ;\L)A J< C_M:@. 72@_\\;}\ at:mj\ g\aﬂa,«j 32327l U_I‘}LA.“ ‘53.0 Lﬁ}bj 2\3}3..;4»
U it Al ) Ailaal) REISS 5 BN 5 o) el Dlgind 5 oS 5 a3l

e g 3all g paal lagead 5 Badaill (e Slie ) s 3AY) (50 Aaliaall Aallaal) (3 sk A3 i 5 Caiuad ppiill ddee Jads
R s ‘)\Jj ALAG ‘55 XY WA 63‘\ 8agl g :&.;jtaaoﬂ Badziall Q\y\&‘}!\ 63‘; dale EJLA. ‘gjazﬁj ?M :\.A:\SAS :&AM\ )ﬁ}bﬂ 63 a8l
Sgds Gl Ll s laa¥l lel i Lgiulas 0Say (&) 5 (3lhae ISy Aagaua ol AkalS A ginaall (s o3 Y 5 S1sY) il (e
B 0A il gl s el e (e (obhaia ) 8 MAT Jewd 5 (Sad (A1 g Aualdll VAN AaiSlell il ) a5 Apaigl) Sl jall

.83 gaa A8

e A8Mall 3 aalall ) g sa W oy I g dgmall Sllaall Jmda JS50 Jedi Y 5 43 Ada 53 A8 shamall 3 2 ) sl il ()
WHO (2006)<sa 53

Glaaaall 2.5

Y laL G.k‘_ e,).:@ﬂ\ ;\Ejs.a.a.a 388 Jdan g (" A%y Jlaa 203 451‘ E\.LS dallzall ol (a\JSSM‘ sale) Q\s:uﬁ gé é.uj:d‘ a,:&\&«! )]
30

_&L\.::JJ)'A&\ B

_(u'aga\fl\ Ul ) d'.'m) ul).»d\ ebil.u‘)“ k;é c_u.&ﬂ dalla ol @

(Gl i) 5 3l e sl 5y i) Ay pumdll Ghlidl padinl e

?\.353.“)1 Naa C'“ji c‘;:;\JJ'X\ Lﬁ,}j‘ d.l@ \;\.@..1‘5 Al dallzall a\.:mj\ ?\Jil.m\ J‘)A&\ Ll a2al @A eﬁi’d\ :\SM Z\_)\A.A\ ks ol
2.,;\; Y &LL:»A) L;)'A‘\J\ Salaladrwy) ) 2\..'1)\§A a.;l\a.d\ &L\\.ﬂh’.‘m Idé} &\Jasl\ XYY (;5 el ‘SJJ a:ﬂlaj\ Ix;t;&\ u\ J‘.SSJ\ il ?Ai}
b\.:mj\ \.@.'m cl.s:a 9 et.ij‘ J‘}Aj\ (e dadlall b\.:wj‘ )..f.uzﬁ e\.}i:\..u:y‘ \.J.éjj 3\.;51:.»5\ b\.:mﬁ \:...u\} Lol A e.\.ﬁ 9 (Gt,ﬂ\ %) o) :ﬂ\J}[
Lé)...'aij\ }.Aﬂ\ 3)3.5. ks‘k Lga C}A..H}.AM Q\ﬁl&«oj\ izl g _t._aj.ﬂanj\ ?\ ALY e 4ahas Aléua L.@J u}S:‘ U‘ USA:\ Gﬂ‘ 9 Aallzl)
sl (o, Ak e g ol ALl ) pall a5 A 31 iy sl 55 el il e aall (s sl saing s Al Al
A 3ial) (al e S il Q8 e elad) aladiad Jie 4y sl Clalaain¥) e Lagd 13 3udaiy

el 48 ghime & Lol o) aladiu¥) (e AUl o) YY)

lgr_l.'ual\ ?‘ASSMY\ °

il olae 2535 A il e AliuY) e

Al asall G all alisfiaaall claaaindl il s S8 e

Vs bl b adiiane 5 JulS (S 5 ) sdoe 35l 038 () g il 48 ghma 8 A) gadia e dclicall 8 dallaall sluall alodiul )
:(:\SA\JM d:n.ﬁﬂ\ BJ}J G J.i:mﬂ\ us.o:g Y L:'_Lia..\ C\:u‘}“ X:AAQ ‘55 25}4..&3.4 2\:\9\4...43\ Q\s;uhﬂ\ ) J.ﬁAzl\ U! U‘X\ Sl dgmsﬂ I\;\;
AN A8 YL dadleall elpall elivall AlaAiul) (sde saal (Says shiall alaaiuy) sale) s

o s 138 5 A8ala3 olaa o Ao () 5ale 6,200 5 (22l (o8 w3355 36 sala 22,500 Leia) Aaaallf3a G sale 30,200 pddda
1385 4.9 58 (ol elall/aidinsall elall A ) alain¥) Jalaa () 5Ss @l g Aadlf3a 5 sila 24,000 1 ltia Lgalaaiad sbaal olyall
stads (R3adifBa & sale 24,000) Lelbariasl dnall slaall ana o5 Loy i Sl a Aaned addins Al slyall (a CunSia jia JS Of ing
el i el slaaall e e 1998 Siilaal) 2.4 Ce Jir Y Jabas (ple/3a (sile 9,695) Al daslal olyall e

.(CORNEL and MEDA, 2008) .*

46 May 2008 DWA-Topics



plaaiu) Bale) cioga dadlal) olpall Aallaa Ja) e

o385 dand) Jleb b g jlaa ol lo cogial Sl g Al eV slaad pilial) e aladiaVU a8 3l Shliall Jady Y 13
A;Haﬁl\ 4adlall bl.iAM Ix:dﬁlm cl:MS &_1).1\..\3\ 9 ug\)&\ Jia 3‘):\,\5 J\éj\ e\_\iﬂ.m\ i;.}:.a \.}}J}i .Lu.uj PR éLlJAM gﬂ Ix:dls z\.mu Jis
slaall (e a3l 8 daslall olall 8 53 g sall o) gall CHLESIL o3 288 Sl L3S Blaliall Lig @l ) Adla) A s
Al ) 238 8 Jgadiia e 138 5 Japladd (sans sdilae e aladiud ey 138 g alall ol slial jousaS daddiuel) dpadand)

o A sadie Gl Aol ) g6l hia 5 Axis 5 ela s slae ) oluall hmd bl e duisall g Al sl Gouall asalia oy La
AR 1wl sell ) s ) Camg (Blasall 13g] 5 34 sl

393d) sl g 48 gl 403y 3.5
Aauliia 2\:3;}3}453 Cle gana Ask“ Lﬁ}hjj d}\.\; FINPES 45“ 4 oania @ @M\ GS ) gaiia aLls e:‘-JSﬂ‘ Q\SM

5 shall Gaslie Chuagai dig skl 8 andill julaa 5 52eeY) 4 e dallaall ddee Ol ghad () oS5 Cugay Ad ghaaall Cuiy LS
(1) 680 Jsaal) 8 pniill jlxa

o A1 Y 5ol 5 A8l @lDlgin) e dpulal Cla slaay Wisa deSinn " 5 Jiliy Lawy | e Jie Ciliinal A (e aail) ()5S,
A L8 Y e s Jeal) de gena slazme| ol ol g dpalal) gl jall 833 o)) eyl Ll Jpaliill Gy 38y, daalall olyall udae
LBalell dled L8 Lgd iy aa el Jaaaalii g A8l 53 da glaall jouma Jlas JS

DWA-Topics May 2008 47



AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

pail) alaa g ) Cnglis 11 Jgoa

bl il
1 Aallaal) Aaaa (381 _e i Jlac . ]
2 Tolaal) oloall s Taacl) kil
3 Sl il i CallSs
4 Y JlesY)
5 1SS aell Jlee Y
6 Ail_eSll Qe Y1
7 Alend) ke 4383 Dl iS5 LplasBY) (5 sonl)
8 T ol ke 435
9 Lsl (e alall
10 M‘ JA\.\.AA
11 A8 ) Ailpall CallSs
12 el e )
}i g:ji;‘ff:’j: han s Qs e Ll le 0
15 5 Aallzall Adoaa
16 (Wt « ey laall) < dial)
17 Aglaadal) casasl) / Jaradisl)
18 A8 o)) Ayl Cileas Jardil) Jlae oo cilallaiall
19 i)l Jland o glanell oy yaill
20 FEAIFIg
21 5 gall
22 Adeadl )il
23 i puaiall slaall die g3 e D) Jle 35080
24 COD/BOD A1) | A& juaiall olyall dpe 53
25 Fallall o gall mpdds (Al ¢
26 L sa¥) Cladrall :\Sbl
27 sl
28 Byl a5
29 s gl duia_peal) CUSY jmnadd
30 Ll
31 i
32 Olagall
33 dadl i/ ol
34 TR
35 Aallaall A0 da el 30l )
36 Agsgiall ol gall aS) i
37 BN
38 Ll gl »
39 I g i
40 sy (5 )
41 Cile J}ajl 8]
42 (s all oa ) ol dalla 1S5 o1
43 (G i)y e 3 Jia) fg_umall a2y phasdlgls
44 izl 8]

48 May 2008 DWA-Topics



AlAELY) Bale ) Cisgs dastall oluedl dallaa Jal

Aadaluall ppill Ciligioat Coy sty i) alaa o g sind il 5 A8 ghmall ol Chua s o3 gl Sl 4

"ol bl 2-1 LY 1.3.6

A Ciligiamill e Sl g Aallaal) slpall edicnad 5 Aallasll Cllaae 38 e dirdii Juee o dpmaal) Jhlaall sy s ok
clBBadla giaail)
3 1A Ay sheS ) g e dalaill g o3y LAl VIS e
Uslha aiaill )5Sy O (S paaill 3 5 s 401840 Lo 5ia
Aa S iaay Gkl (S 13) 1iad dallaall 0 e ) 55 olpally Jalacil i
dgl o Aallas

" Jlodi) 44lST yMlaiBY) o gl 6-3 L) 2.3.5

AgilalY) @ paiedl e iyl Chooa g Ciaaa g 285 dallasll

<lBsada Cgiaall)

dewillZa 1 < Ay slhaall dalisal) 5 denill/E 1000< 43S TS
daill/ s 1 < Ay ol dalusall s denill/€ 1000 L) 600< AalS:l) AR
danill/ 2 0.3 > Ay sloall dalisall 5 dewsill/€ 600 > 23S Uaddia

Cag Jaradill g leiiny) CallSs aaad o) LAY &isa wuﬁ;; Ll Cua Jliie V) (g J;}'S ol bl AdSs e G Al Jal sal)
pSill 3 sl el gall o) Ca Apalaidy) el Ay ol Eua & 5 ST Ay g dglaall e Ll

w3al g ) ool Gang 028 dde 5 o) il AT aBsas s als Al G dille 358 asmy ) adi dpilagel) 3 sl 1Y)
e G

Agall ol &8 gall L3 udliill auza 5 (5 sud) Al

5kl Lgale a8 o L ol 53S0 A daiill ilial sl

3 liaall Lia ol ¢S Culaas) 5l A0S0l 5 dzinedl Jlae Y e A8

damidiall sal) ey Joall L8 Juadill 5 leiinY) R8T 8 Alleal) A81ST daalinw

(1825 Ay saS 3 sall 5 il s pemall 2 girs lal) gdad s A8LLY)Y il A3lS5 5 b g8

Al gl Dlpall s Al Jleed 8 4ddle & iy paladl alaaial o deadi ) dalsll

Ay sl Jlae 3 4SSl Jee Y15 Aoall JleeYl s dpa J“\J Clalual) cdlaie ) L) A5 Gl plil) i ghaos b
b)) O Cua Al B 5 Badae Ay glaall g\ dalisall (8 alE YL aplaiill 5 aSadll -l L ol 5S35 E+MCR
A e () Sy 2eay 128

By Hlelin¥) 485 daad Gl e Bling 4S5 soedl Aawd) s Jeall s i ppanail) il a5 () Gl (ld dye gall 45 el

s USan g Jisaill ()5Sy5 deladl 8 70/ 4805 haued) dandl Ll e o dasillfe Sl LilSay ISl sae Gl Jle
A 880 5 Ao S 500aall daslal) slall oy sl Jara (ial i) ol Lasic Lo g 5a2aa (g2

DWA-Topics May 2008 49



AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

"Rl 48183 — Agalaandy) ssali" 11-7 _bN 3.3.5

la ) Ao cillaadlall 038 g dwl jol) ad dallaall Cldoas] Juaadill 460S3 e ladl (3udaii 440 oY) A8IS3I dslaiall 5 Aalall cilloadlal)

“h

peldluia s (s sl 2alS3

pellia y AL Aalss

Aigiall 3 sall (e alaill 2183

(il 5 lanssall) S adlaall 8 daddiunal) o gall 4883
3,08 5l Ailpall 23183

ool s G L ol il (183 2815 ypaad €y Y g G 3Ll cildaaall d bl Cag dall €l 5 SN ald Y1 )

A il G Aallaall slual) n aSa e JS1 5 ity Aalladll 3k e Adlaa ) it 2315 NS Jgonll dany

clbada Chadaatil!

/€ 0.8 > 57/€ 0.4 < Al Sle
Jol€ 0.4 S P6/€ 0.06 < ddlsil) Lous i
Y4/€ 0.06 > 4alil Uabiie

lgaladial (S s ll o aiad ¥ Al 038 5 Aaclall slaall (g Fa 1 Aadlaad A DU Relas Jal g ghSlly Ay shaall A8ULD s o3 38

Aalal clagiadll (38 g A8 clalaia Culaef 28 5 RS Cililua (? Bl

<lBada Cgiaall)

delu @l g 1€ 0.2 > 5% ISl delu @l 5 51€ 0.02 < A8kl el Sle
3(“ Jst

Ia JSldelu @l 550,02 ) 0.002 < A8l llaie L i

3o Sl el il 551 0.002 > A8kl il Uaddia

"dbaall Jaadi dagis digd) Lle A" 16412 b)) 4.3.5

A Ciligiamil) oy a5 S g 23 dadlall olgall dallae il i (e Aailill dganll el il o

50 May 2008

(Lol 3 luzall ol il Elagdl f) Uil Sl e .
Al s zle 3V .

 gaall g zle °

Caial) 31300 o

(e 5 (gl s LAl 5 (lagall) <l sl o
clBadla haiaail]

gl e e il Sle

Al e b gia il L sia

Al e ymiaia ili Uaddia

DWA-Topics




AlAELY) Bale ) Cisgs dastall oluedl dallaa Jal

"oadal Jee clalkia 19 — 17 _buy) 5.3.5

b Aaoiuall L i€ LAY somall Jalall ey 33300 31l g Aaalill Jpall d Jinsdil Jlas Allal Jladl o sl (s sinsa
4..».“.)]\ QIM\ [ERTWEN S 9 ‘\;.“’.A dug ‘)L de u;d&l&j‘ R_IIJLBM lec- ?‘”""“ a8 ‘99.».44 (_,\A.Lwﬂ 9 Q\A.“a&.“
lgaalS3 sl g Jlill 4008 @

A8l dalpall ST @

clBBadla giaail)

dglle clullaia slle
dlou gl cilillia Lbou gia
dunidie Gildbie edAa

"ilbaaad Lo ol oiS" 36-20 (v k¥ 6.3.5

Agad 1 e shaall U All) Aallaall 3618 apaaillys cilboaal) L s) 5iS5 1y it Ailisell bl 4l Jpaliil apeni o3 23]
A E a1 il il o3 38 5 sl

(A samall 4 53 SN S all) BOD 5 COD Uiiaall (5 s0a]) (inniSY) o
(Alaall 5 Adiall 53 laell 3l sall) (SS) dalall o sall o

(b g8l 5 ) )5 L saYl) Clidiall @

(Ol s V5550 5 LSl (el dps da S o

s dgall SN a2e aid GRS () aale) dadlaal) slaal) 3 5 5 (%) A Y Aa s Jualil e 38 stunal) Jodis
Al ligiaill Cheadtial 38 5 ded se ol il jas

<llaada Chgiaall)

dpai s sl da 33 6-4 51 %70 <AV Aa 5 Sle
dged el da 53322 5 %70 -30 ANV A0 Lo sia
daadse sl Aa 2 ia ol %30 > ANV As Uaidia
%5 > Al 3Y da sl y

Losh da28ia AallaeS Caadial e 13) A8e il

e dallaall slyall 8 Lgilla § Lguoilind oy ai (g al e Lagf ollia
4 )“ 5J jm .

dgsall 5 lSall o

‘\A.“a.aj‘ ‘\A:}:u o\,g..o.“ ia 53.4 3J\g) .

DWA-Topics May 2008 51




AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

clbada Chyhaidl

dglle 3 lSefdadl 5 sl b () oS3 dallawdl olyall Sle
ddows gia 3 )\Se fAad) o il () 6<3 Aallaal) sl Lo sia
dumidia 3 \SefAadl o s il (683 dallaall sludll Uaddia
— PRy

(R by Sl Lo o3 Aallaall Lin o 935 Chum gy Ailaile g aoaill A48 e Adli) laa Lagl i
Al 5ally g o3 5 Adnanall Lin ol 6331 pilaall Coa gl Lgabim a3 3008l e el (3 Sl 1) ddla)
dgs) o

3gall o

ddeall ) jSi) o

A8 paiall olgell dge g8 e il o

CiBala i

sz‘-" :\.;JJ gﬂ.c-
.Lu.n}.u.“w‘sjc“\;‘)d Ja.u:jlq
r\.\asa'.'.'mr\;‘).: 23AJa

) saill e Vg o5 dallasl) dglee (e Al o) sall S ()

Cidaadla Adanl|

3l 2 lad ddla slea (Al 8 denadl)/ 31 110 ) 80 < e
st C ( & ) ey <
\..@..'m

oalaill Gl zUiad dils slea (il i denill)/ 51 80 Y 40 < Lo gia
\.@..'m
lgia galaill L) zUiad dila slea (A3l 3 daill)/ 31 40 s Uaddia

&S i Y

52 May 2008 DWA-Topics



AlAELY) Bale ) Cisgs dastall oluedl dallaa Jal

"ol L slgis 40-37 b 7.3.5

lieiDla 5 Adliaal) Aallaall (5 ka alodiady Aallasl) slaall alodiod 4S50 apaad 23 288 (g 1) 8 Aallasll slpal) Lgalodind Ala 3
RUXEGIA 55)'“ Lia ol 33l

o sa blal Alee ()65 Gl e Bl Taa (8 5 55 Of amg A8l Adiall ol gall (6 sinag Alias Adial) o) sall 2S5 ol ale S
Joa 3 raall claill iy bl alaain) sie g Al ol Le

Cobelaall Byl LA (e Q] @l 5 cLELE N Ui 8 Jall g WS 313, JS3 Glo il dgdae (8 dasiiunell sliall aind ing

Ol
clbada Chyhaidl
paiadll 5l 3 Sl 3 )5yl Liaill e (S5 (San Cuilia
358l 3 5 pum daiDla il
— Aaulia e
La8 4] 5f dallasS Cuaddiad 13 Ale 5 Ll

Melaladia] Gl LA" 44-41 Ge bl 8.3.5

o sall ool Saiadl lgiada i 5 dallasl) slaall Jleaind (Saall e IS 13 Le 400N il Cn g sl 038 Jeadchs
e

clBada Hudaail)

-

-- A

o ¥
G

galall

AL-SABBAN, A. (2005): Presentation in Arabic by HE Ahmed Al-Sabban, Deputy Minister for Planning and Development,
Ministry of Islamic Affairs, Kingdom of Saudi Arabia, at the conference "Middle East Water Reuse
"27/28.11.2005, Abu Dhabi, UAE, organized by the Economic magazine MEED

ANGELAKIS, A.; TTHIRS, T.; LAZAROVA, V. (2001): Water Reuse in EU Countries: Necessity of Establishing EU-Guidelines,
State of the Art Review, Report of the EUREAU Water Reuse Group EU2-01-26

ALCALDE, L.; ORON G.; MANOR, Y.; GILLERMAN, L.; SALGOT, M. (2004): Wastewater reclamation and reuse for agricultural
irrigation in arid regions: The experience of the city of Arad, Israel, Israeli-Palestinian International Conference
on Water for Life, Antalya, Turkey, Oct. 2004, <www.ipcri.org>

AQUAREC (2006): Water Reuse System Management Manual, AQUAREC (Integrated Concepts for Reuse of
Upgraded Wastewater), Editors: Davide Bixio and Thomas Wintgens, Office for Official Publications of the
European Communities, Luxembourg, 2006, ISBN 92-79-01934-1, Kurzfassung auf www.aquarec.org>

AsANO, T. (2007): Water Reuse: Issues, Technologies and Applications, McGraw-Hill, 1. Auflage, Marz 2007,
ISBN 9780071459273

DWA-Topics May 2008 53



aldAiaY Bale) Cidgs Aadlall sluall dallas Jal

ATV-M 205 (1998): Desinfektion von biologisch gereinigtem Abwasser, Ausgabe Juli 1998, Deutsche Vereinigung fir
Wasserwirtschaft, Abwasser und Abfall e. V., Hennef

ATV-DVWK-A 131 (2000): Bemessung von einstufigen Belebungsanlagen, Ausgabe Mai 2000, Deutsche Vereinigung
flr Wasserwirtschaft, Abwasser und Abfall e. V., Hennef

BARJENBRUCH M.; AL JiRoubl D. (2005): Erfahrungen aus dem Vergleich von Kleinklaranlagen auf dem
Demonstrationsfeld in Dorf Mecklenburg, GWF Wasser Abwasser, Jg. 146, Nr. 5, 2005, S. 400-407

Bfai —- BUNDESAGENTUR FUR AURENWIRTSCHAFT (2007): Wassermanagement und Wassertechnik im Nahen und
Mittleren Osten und in Nordafrika, 2007, Bundesagentur fur Au3enwirtschaft, ISBN 3866434952

CORNEL, P. (2006): Weitergehende Behandlung von Klaranlagenablaufen (A-Kohle, Oxidations-, Desinfektions-
verfahren u. a.), DWA WasserWirtschaftsKurs M/2 vom 11.-13. Oktober 2006, ISBN 3939057584

CORNEL, P.; MEDA, A.; HUBER, H. (2007): Development of a Matrix as a Decision Support Mechanism for Comparison
and Evaluation of Technologies in Water Reuse Applications, in: Schriftenreihe Gewasserschutz-Wasser-
Abwasser (GWA), Bd. 206, Advanced Sanitation, Hrsg.: Inst. fir Siedlungswasserwirtschaft, RWTH Aachen,
Marz 2007, ISBN 9783938996126, S. 28/1-28/9

CORNEL, P.; MeDA, A. (2008): Water reuse situation in Central Europe: the current situation, in: Water Reuse: An
International Survey, Contrasts, issues and needs around the world, Editors: Blanca Jimenez und Takashi Asano,
IWA Publishing, London, geplantes Veroffentlichungsdatum: 1. 2. 2008, ISBN 1843390892

DIN 19650 (1999): Bewasserung — Hygienische Belange von Bewasserungswasser, Ausg.: Febr. 1999, Beuth Verlag,
Berlin

DWA-LANDESVERBAND BAYERN (2005): Kanal- und Klaranlagennachbarschaften, Fortbildung des Betriebspersonals
2005, Miinchen, ISBN 3887210581

DWA-A 262 (2006): Grundsatze fir Bemessung, Bau und Betrieb von Pflanzenklaranlagen mit bepflanzten Bodenfiltern
zur Reinigung kommunalen Abwassers, Ausgabe: Marz 2006, Deutsche Vereinigung fur Wasserwirtschaft,
Abwasser und Abfall e. V., Hennef

EMWIS (2007): Final report on waste water reuse — Annex B — Case studies, Nov. 2007, Ergebnisse der Arbeitsgruppe
Abwasserwiederverwendung, Euro-Mediterranean Information System on Know-how in the Water Sector,
<www.emwis.net/topics/waterreuse>

ENGELHARDT, N. (2006): Die Membranbelebungsanlage Nordkanal, Wiener Mitteilungen, Band 195,
Betriebserfahrungen moderner Klaranlagen, ISBN 3852340861

FRECHEN, F. B. (2006): Leistung und Kosten des Membranbelebungsverfahrens, DWA WasserWirtschafts- Kurs M/2
vom 11.-13. Oktober 2006, ISBN 3939057584

GRUNEBAUM, T.; WEYAND, M. (1995): Reduzierung der Betriebskosten bei der Abwasserbehandlung, 47. Darmstadter
Seminar — Abwassertechnik — am 15. November 1995, Schriftenreihe WAR, Band 86, TH Darmstadt,
ISBN 3923419791, S. 155-178

GUNDER, B. (2001): Das Membranbelebungsverfahren in der kommunalen Abwasserbehandlung, Kommunale
Klaranlagen, 2. Auflage, Technische Akademie Esslingen, Expert Verlag, ISBN 3816919944, S. 173-192

GUNTHERT, F. W.; REICHERTER, E. (2001): Investitionskosten der Abwasserreinigung, Oldenbourg Industrieverlag
GmbH, ISBN 3486265075

GTZ — DEUTSCHE GESELLSCHAFT FUR TECHNISCHE ZUSAMMENARBEIT MBH, EMSCHER GESELLSCHAFT FUR WASSERTECHNIK MBH
(2006): Ausbildungsprogramm ONA, Algerien (PPP-Mafinahme), Schlussdokumentation, Zeitraum: 01.01. —
31.12.2006, Komponente 3 des Programms der Technischen Zusammenarbeit ,Integrierte Wasserwirtschaft
Algerien”

IPCC — INTERGOVERNMENTAL PANEL OM CLIMATE CHANGE (2007): Climate Change 2007: Impacts, Adaptation and
Vulnerability, Fourth Assessment Report, Summary for Policymakers, Working Group Il of the IPCC, Brussels, April
2007

IRC — INTERNATIONAL WATER AND SANITATION CENTRE (2004): Waste stabilization ponds for wastewater treatment,
<http://www.irc.nl/page/8237>

JIMINEZ, B.; AsaNo, T. (2008): Water Reuse: An International Survey, Contrasts, issues and needs around the world,
Editors: Blanca Jimenez and Takashi Asano, IWA Publishing, London, 2007, geplantes Veréffentlichungsdatum:
1.2.2008, ISBN 1843390892

LABER, J. (2001): Bepflanzte Bodenfilter zur weitergehenden Reinigung von Oberflachenwasser und
Klaranlagenablaufen, Wiener Mitteilungen, Band 167, ISBN 3852340586

54 May 2008 DWA-Topics



AlAELY) Bale ) Cisgs dastall oluedl dallaa Jal

LeEnz, G. (2004): Qualifikation des Betriebspersonals auf Klaranlagen, Hrsg.: Deutsche Vereinigung fir
Wasserwirtschaft, Abwasser und Abfall e. V., Hennef

LUTZNER, K. (2002): Ein Beitrag zur Bilanzierung von Bodenfiltern, Dresdner Berichte 21, TU Dresden, ISSN 1615083X

MED-EUWI — MEeDITERRANEAN EU WATER INITIATIVE (2007): Mediterranean Wastewater Reuse Report, Joint
Mediterranean EIWI/WFD Process, Produced by the Mediterranean Wastewater Reuse Working Group, Nov.
2007, <http://www.emwis.net/topics>

MURL — MINISTERIUM FUR UMWELT, RAUMORDNUNG UND LADWIRTSCHAFT DES LANDES NRW (1999): Handbuch — Energie in
Klaranlagen, Disseldorf, September 1999

Nowak, J. (2005): Abwasserbehandlung in bepflanzten Bodenfiltern — Arbeitsblatt DWA-A 262 (Bemessung, Bau und
Betrieb), 2005, DWA WasserWirtschafts-Kurs L/6 Abwasserentsorgung im landlichen Raum, ISBN 3939057002

ORTH, H. (2005): Landerbericht USA, in: Anforderungen an die Abwassertechnik in anderen Landern, Abschlussbericht
zum BMBF-Vorhaben 02WA0452, Exportorientierte Forschung und Entwicklung auf dem Gebiet der Wasserver-
und -entsorgung, Teil |l: Abwasserbehandlung und Wasserwieder-verwendung, Hrsg.: Ruhr-Universitat Bochum,
Lehrstuhl fur Siedlungswasserwirtschaft und Umwelttechnik, Bochum, ISBN 3981025504

RubpoLpPH, K.-U.; ScHAFER, D. (2001): Untersuchungen zum internationalen Stand und der Entwicklung Alternativer
Wassersysteme, Hrsg.: Bundesministerium fur Bildung und Forschung, BMBF-Forschungsvorhaben 02WA0074,
Oktober 2001

RUHRVERBAND (1992): Seminar iber Schonungsteiche am 19. November 1992 beim Ruhrverband in Essen
SALA, L.; MUJERIEGO, R.; SERRA, M.; AsANO, T. (2002): Spain sets the example, Water 21, August 2002, S. 18-20

SCHLEYPEN, P. (2005): Isar-Badegewasserqualitat, Vortrag beim Wasserwirtschaftlichen Kolloquium an der Universitat
der Bundeswehr Miinchen

SCHNEIDER, T. (2005): Landerbericht Jordanien, in: Anforderungen an die Abwassertechnik in anderen Landern,
Abschlussbericht zum BMBF-Vorhaben 02WAQ0452, Exportorientierte Forschung und Entwicklung auf dem
Gebiet der Wasserver- und -entsorgung, Teil Il: Abwasserbehandlung und Wasserwiederverwendung, Hrsg.:
Ruhr-Universitat Bochum, Lehrstuhl fiir Siedlungswasserwirtschaft und Umwelttechnik, Bochum, ISBN
3981025504

STATISTISCHES BUNDESAMT (2006): Wasserversorgung und Abwasserbeseitigung, Kap. 12.4 in Statistisches
Jahrbuch fiir die Bundesrepublik Deutschland 2006, Statistisches Bundesamt Deutschland, ISBN
9783824607730

STROHMEIER, A. (1998): Filtrationsanlagen, Kommunale Klaranlage, Technische Akademie Esslingen, Expert Verlag,
ISBN 3816914063, S. 246-266

UNESCO — UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION (2006): Water — A Shared
Responsibility, The United Nations World Water Development Report 2, UNESCO Publishing, Paris/Berghahn
Books, New York, ISBN 9789231040061

UNEP — UNITED NATIONS ENVIRONMENT PROGRAMME (2007): Global Environment Outlook: Environment for Development
(GEO-4), <www.unep.org/geo/geo4/>

VON SPERLING, M.; CHERNICHARO, C.A.L. (2006): Wastewater treatment in warm climates, Water 21, April 2006

WEDI, D.; WiLb, W.; ResH, H. (2005): Betriebsergebnisse der MBR Monheim — Abwasserreinigung und Erhalt der
Permeabilititen mittels chlorfreier chemischer Reinigung, in: Membrantechnik in der Wasseraufbereitung und
Abwasserbehandlung — Perspektiven, Neuentwicklungen und Betriebserfahrungen im In- und Ausland, 6.
Aachener Tagung Siedlungswasserwirtschaft und Verfahrenstechnik, Aachen 2005, Beitrag A9, Hrsg.: T. Melin,
J. Pinnekamp, M. Dohmann, ISBN 3861307758

WHO — WoRLD HEALTH ORGANIZATION (2006): Guidelines for the safe use of wastewater, excreta and grey-water, World
Health Organization, Geneva, 2006, Veroffentlichung in vier Banden

WHO — WoRLD HEALTH ORGANIZATION (2006a): Guidelines for the safe use of wastewater, excreta and grey-water, Volume
2: Wastewater use in agriculture, World Health Organization, Geneva, 2006, ISBN 9241546832

DWA-Topics May 2008 55



AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

IrFET [z 0g fal e | et FE | & mep (7 | e (N ) 1 = (0157 ) 1
sl I € 67 v e | e Fe | L& T L7 | et (1T =) 1 e (0-T 620 %) 1
I 87 - st | memC (<01 ) 5T | s T | o (5i-06y) 9 repre (<5gy) | 9
== iT Lo (07 sz | as® (04 §7 | e | a0 re e (07 €
O I | A7 97 = (012) e | ree= (01) rg | Tt LT | e (<-0gy) 9 vespr (<-0€7) 9
ezl . <011/ )
i rrey) Pl il ol 24 §T " (= It 567) st | =" (s80) $T | Fex =000y | T | Frgey 09060 | 9 e (55-597) 9
ey (o2 ) <09 /i) aoo: sH-08ydod) aoor 0£-5€7a0d)
bl iCipy AOH/A0D ¥z vy (=T |5 09) 57 | e (e i 5T | ST | e (00T 1T | e (555 Ly 9 st o (§7-56y 9
I =T T T E oy IR T €7 e 57| e g | e IE | e 1| v 3
| ey [%4 = st | = ST | e FAES iT e LT
Ire6 g 17 = 57 | = §T | e LT | e iT o iT
o < P ESr 07 ST e st | 5T | = iT | e iT e iT
)
e | T e pep D 61 ey 67 | e 67 | S (o w0y (7 | 67 | = 67
T o e [T 1P 31 v e 1€ | »rw= 57 | v 1€ | g 1€ e I3
[t Mo mllvonind LT s 1€ | vv= 5T | v 1€ | =fm T€ ol 153
= (i > €S > ) o1 = 67 | =¥ 67 | = T | ke 67| e 6T
It ST ol 67 il 67 | e LT | T 6T el 67
.| et it [ e 67 | e 67 | LT | e 67 | wwr 67
Wu,m ﬁuﬂ =2 0 ey €1 o 67| =% 67 | e (7 | e 67 | $m 67
Iy = e S ey It ey
o o I |57 w5y e = ~wy fp o
’ TF0 o I =g = I I
LRyt all nan Al lel 0 ol el e 0
aarl e [ s st | %« sz | % L7 | et 0 s e 0f | v 0 sho a
ST e I ey 11 - 57 | =0 57 | ARG re | = [
s =y ) i)
o e 01 sl s | e (o e | ST | e @ | =" ve | e (8w | b
IS 0 |FTF 5 E 7 | g 57 | e | = ve | s T3
) €100€) STEE I =y%E) "7E)
SFe T IR 8 frer (LL10:0-L100 $E¥ = £% | - (5000~ LT | e L7 | e (~ T000 S e (~ 10008 |
&V | s e | o e e L T il §T | vt T re | s e
|pEeE s 150 ¥ ey 9 e §7 | =0 §T [ e L7 | e ve | [
S ol 213004 s sl 57 | v 57 | s LT | e [ e [53
1-08 3fjFy & =)
sy o (o wmrsrey) ey <EwO e ey < )
1= |y 4 wefeer (004-000T 3f {0 z veer (00F-00013 | T | oo 17 | e (0ST-000T [ s ooy (0SZ-000T C
f “ZiT) “ITy)
CHFT ol £ ol s7 | e 5T | e LT | wee ($0°0-90°0 9 wewer (T0°0-F0°0 9
. e ) k) ey vy ) ey vy
== e e ey T e (e 5T ey ) 57 | e (st $T | v (s (7 | et ey 37 | e (mw s 37
P Is)
) o) o ey |y 1 = (e e ) 57 | wfer 5T | e (T | = (e e 37 | v 37
¥ o fomR Fb s f e =y 0FRy O wis 6onl el O ol
It =Ty I
i gy I (PSS

sy (PFSTY
PR vy (I TSI Ty parey imfe ey Mo fere ey

DWA-Topics

May 2008

56



‘ieﬂaaﬂ JA‘ A

-

L2l olaadl

-

alaAiu) Bale ) Caags dal

Eillvan (2 s 7 [~F 5z [ Ko ey 17 [~ 67 |~ 67
1Bl I ey G 11 Seme i) | sk f Ee ey 57 | o T sz [ =0 7 | n &= 6T | %~ 67
1613 o oy e ([0 pd =) T s 5T | s 5T | 0 7| nE 6T | = ~% 67
B [ s 67 | %", 67 | By T | e 67 | =0 67
5 et or s 5T | g 5T | o | s 01 | 01
s I e 6€ e (B2 T o) 5T | ¥ s §T | oo LT ] e B2 I o) 01 | = =2 o) [
oot 5 P e 3¢ s st | +F o RS T | & 01 e 01
Eilhas Lg o 5t | +F 5T | e T | 01 7 v 01
% Irwer) IFsey)
&7 g 6 i) (g & I7my) e
(e B alinga)} ref wmneg” (€ OF-0T T P el (€ ST-0F 1S
&7 (g & 1)) Iy ST-09 1/ {1z ¢ o) e (i ¢ ) ep e
15 Ief T Irvey 9¢ e (P o iy ST-0L L7 | e (e o L7 | e L7 | = (0€£-005T 7 9 e (0€E-08L ¥/ 9
A" IS A
oy pré =y ey Iy € e (opf =y ey e 5T | no¥ 57 | e L | = e 0 | o 0¢
s g IPTEy [ g 57 | v §7 | e I [£3 e e [£3
ety I ety
= e T Ce=g 0 w1 T
5 §Tosrfy ~vfo Cowy 18 Efomety v
I ey €€ (82l ST Lo ST | Ao LT | e e (o0 o 0g st o (o) v 0g
| 7€ ikl ve | et ve | 8% g L7 | e (- 5T [ e (0= F2T) [
P~y [eeas 3 sl ve | ot be | 1 ¥= g 2 | e (T [ w0 0-TF+) [
) s [ o ) bl =y oy 0T =5 6on oy bl 60 o
e i I
[naim g S PSSy

57

May 2008

DWA-Topics



AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

e
T o]
1= 1Tl 1(0 PPy 10 e e o
ol iT e {08 FEER0 57 9 e (=09 60 57 9 ol £€97 | e {rwnr” IR= 01
e
e jo o]
=== 1= [PTEghs (0 IPEEE 10 ¢ e 1o
= Y s T 97| wm (=08 9 e (<06/) 9 s bl U S M IR B bl s vab ' ot
[k
T e ]
[ISaatlineia>dle IPFEYF |0 ¢ e (e
bl ol 14 5T = (04-08) 9 =" (02-087) 9 bl Bl £€97 | e (repeC = o1
IFy) e
(8 & = e e
IP=sr §8% qOd) $8% 109) |7 [PoEys| (0 PRSI0 £ e |
& = |y i dog/aod &4 el ($9-08% AOD 1 5i- | 9 e (£9-08% dOD ¢ §i- 9 bl (3 1l €697 | mre=C (=l I 01
e i i A a1 €7 e €97 | v €897 e £€97 | Tl [5%14
1 1 I [£4 o oz | = €€'9T o €T | =™ €697
3] 17 o ot | = €097 o €9 | = €097
oy Py 07 e €97 | e €07 | sree €007 | eree £€97
eC & e pe e 61 e €097 | e €97 | e £€L97 | e €97
=0 e W I Iy 31 ol £€9Z | e £€°97 ol ££97 | e £€°97
T et elll b i1 kil €£97 | €897 | T €97 | =T £€°9T
e G e w2 91 o (AE=C) £e97 | =" =) €9z | o =) €097 | =" =) £C'97
el ST ey (Eemr o0 oy ¥ ) ££'97 | e 97 | et £c97 | e ££9T
p— 14 [ s [ ofoer (et o ) c£97 | L &% €097 | n¥Ew 97 I 97
L [ = o0 ey [ ol €697 | = v ) vl ipee) £€'9T ﬁﬂaa ; £697 | e £€9T
oy, o0 ol hetytihas”
_ﬁw‘a_a_ aﬂn Inces 5™ e
’ 1) -y = e
5 o e oy =Ty I (e 1) [l 0 0 D g =
narkifison s 41 e (0 o Il ¢ ey £e97 | o &0 o ml irgl 0w 897 | w0 &0l | g0z | o &0 ool ri €697
W A I STy 11 el €097 | e €9 | o €097 | e €€97
mre)
) = Iy Ir§ g )
ool () 0T e (jeem)? e ey ££97 | rrem (o iree e e ) €97 | rree (owm? €297 | e {mew? e £€9T
e 0 g [ ok €097 | e | v [ e €€
R I Iy "F [T 8 e £€ ol €€ ol re e L
e oS Sy TR 1M L il 4 ol 4 il £697 | =" ££°9T
150 I5¥ Ay 9 T 4 il 4 T £€97 | e £€9T
15 IPFSEy s el z ol z o €c97 | rre £€97
¥ o)
&= 1y 4 e (00€-0001 3 ) ££97 | e (00€-0001 3 =~y) €697 | =rwe (00g-0001 | €££97 | v ££97
IS8 ofirg)
e anlnes € o (§T°0-6"0 <fire) 9 o (T T-0°C L fiey) 9 " {(0°E-0'5 9 - 9
ety . ] ] . ] . BT ) TEH)

: serer? e |y 4 o ey (i [ e ) €097 | e (oopiy i o) €097 | e (ooriy €97 | e (ow (o0 b £€°97
aalnl = o) o |68 ey Py 1 e €97 | =" €697 el £097 | et €97
[ndnl e Kp=¥gf &|fy = Kp ris K ot =Wjs J |F 5 [o8 |y € I Iy Py

= hialh e = T e ey €

Hip € o0 gt (e 70 Si=F g0 varsy (e parey

DWA-Topics

May 2008

58



‘ieﬂaaﬂ JA‘ A

-

L2l olaadl

-

alaAiu) Bale ) Caags dal

CH o 44 0 €€07 | =0 €697 | =0 €€07 | =~ £€97
13 e IR Iy O oy e i) g | a8y EE9T | R &= €697 | R ¥=T% EE9T | R¥—" 4 £E°9T
i N e oy e ([ o0 <i0) T f Ty €T | g & €€'97 &y, €97 | K& £€97
(o 3 s €97 |~ €97 | =0 €€0T | » €€9T
I et oF B 01 R 01 e 01 B 01
I8 6E 157 =y (oS o) [ s 01 s 01 o 01
v e
Rl ¥ T 8¢ s (s ) 01 s (s ) 01 e s o1 o (o o ) 01
)
il £ | oS e L) ot e (s i) 01 L st ! s (oS o ) o1
o0 iy Ire) I~}
£15% IP6 e 1Py 9% e (e o™ (o0 O jrey) €€97 | v (e o OO Oy o) €697 | s e o7 €€97 | e b 7 OO | €80T
ey ) ")
(épg = iy ey SE s (50 Iy = 1) €697 | o (= pE ey ey i) ££97 | v (10 o= | gp07 | e (s e e £€97
IPs g IrTEy (&3 el e €097 | wfrep €97 e 97 e ££97
(k)] Ty 0 T =T T I 1) e SiFsR ) sy
0/ 1F 1Ty £€ s (60 €T e €697 | =" T g% ey SpreR e/ €97 | v (B0 F ¥ | €607 | e (BT S e | €697
1)
) ) far o (o0 o0 )
Il ® e (1€ Fo(ed e =7 (o0 I sefre (I-€ F e e =17 (o0 I e (g | 1 s (g Fe e hor o | T
Ir$)
) far o (o 0 )
[tz 1€ il U e B T A0 T T O ) | T " (Th e I o (rgedipr g™ |1
Ir)
) B o (o0 00 )
ksl 0t e (T hor o700 | 1 " (I 9F b a7 (0 ) | T = (19F+e T a J9f«hor o™ | 1
=]
IP~ey ) B o (o a1
= e lialie s 6T v (-7 590 e o7 (o 1 A (IF P omr o (O i) | T = (1-F =02 1 o (- §o( bopr =77 1
e
£ I IR hraa
1= IPoeryE (0 IPEFE (0 & v g
I e 8T e v {<0€y) 9 sefregf orsgr (<€) 9 e (eeme” €697 | e (s 1= o1
gl il K =g | |y = Ep mies 70 s [ 1F5p [ F 1y P I IR Ty
ks alhadlos: U0 O e ey 0

59

May 2008

DWA-Topics



AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

ety o | o oy oty Py €T | e g | = 0g il 0¢ | b 0¢ g 0%
ez 1o pey 2T [ = e iT < 2] = S L7
bl [l 17 | e FAES i7 - 7 [ = LT | ey dy L7

oy sy 07 | e FAES i7 e L7 | ke o€ | = L7

e Fes pefes per |y 61 | s 0f | e 67 e 67 | b 0f | v 0€
=7 I Corfy o @0 o)

e o | e et feey 31 | e 0f | oo 1€ o 1€ | = g | == (7 e 0¢
T [ R T LT ]| e 0f | = [ o 1€ | g 0 | = 0¢
= 1 (R 0 €l v =) 9T | = 0f | = 67 g 67 | = 0 | = 0¢

sy
ﬂ%a.m_,.jdvﬁ.‘v %ﬂb?.mﬁ
e ST | rree 0f | ey (B 67 ol el i) 67 | e 0g | s 0g

S Il " - . Uéb

e B i : , 66t

o, S ey il

A =€ | e Pl | ereer 0€ | rfreppey® (Fmr o7 67 gt (e 67 | &= 97 | o= 97

s o2 o0 € =t €l | e 0f | g 67 e 6T | & 0€ | w0 0g

Oy =1 Cs S [ ) L 1 SF T A Irel) ol IrT)
IR sy BT e g SiF |wEy e 0 o Loty ~ ey oD

[l M 71 | =" B0 o iril g 0f | nE= 0% LEw 0€ | &&= o 50 od 1¥e w0 0f | et G0 et 9z

ey iy ¢ IrTy)
el iy Andoq 11 | sww 8 | Frr (675 W e 3 srfrer (577-¢ 3 | e 6F
D) Iy 3y ¢ Ty
fanalllvsat) 01 | *ree= (o) jpoed ey 0€ | o (15T ¢ 3 e (1-6°F g3 | e 6F
) Ay & Iy
IET= 0 Iref 6 | 0£ | = (01-0T 3fjr—r ¢ 3 exfrer (01-07 3 | e 6F
) S o) =gl
Fo— S "I I 8 | =" 0f | =" (~ o010 ¥EE e g =" (~ 0610 § | wfr (~ SBOOFES g
P Irey) 3y © ) Ay & IFTy)
I e i | smme e e L | e 0 | o 5013y 8 wfrer (501 g | o 6t | e (05081 ¥z
1= Is® 9 | 0 | = z il 7 | e T e [
3ir=y)
S a4 s | wEeg 0f | S (0F-08 3fpy) 4 srfrer (OF-08 T | e 7 g ¥T
3fy) )
Sl any v | e 97 | wfver (001-008 A~y) | T oxfer {00Z-006 7 | & (00Z-009 3fFy) 4 - (0001-0007 4
1y ZdT) 2Ty
e T IPSE £ | e (£00-T0 ¢yfiry) 9 | === (ZT0-ST0 9 e (210570 | 9 | rem® (TT0-E0 4firy) 9 " (£ i) 9
) o) )

=y kel il A T | et sy vy 87 | e & oy [T o) 8z e Catl g o O > i o b A i 87 | sk G =rsy 7 4

adind IF1e Iy

=P gt | vy ety 1 il 37 | e 3T =P (| 37 | e 37 | == j:14

«
T
-
asvi ] ) I
M. ICny (P Iy {1y Irefe
[ C ST =8 Py e e

TSR I P ITRYE I o iy irome (SVD © =10 (rome ivmrepy Ol o ([ sy © 1s6ie0 (e

DWA-Topics

May 2008

60



-

‘ieﬂaA JA‘ A

L2l olaadl

-

alaAiu) Bale ) Caags dal

B e b | =T 0f | #=e 6T Eo &, 67 | =~ o = 0¢
8l | LrEsele e f (0 oy S e ) | gF | e e 0f | £ &= 67 ) 67 | L& 0f | &%= 0f
113 e ey e e =0 =) | H % 0E | L&=—"# 6T - 67 | Lo 5 [ 3
T e Tr | L& 0f | oy 6T e 6T | = e | = 0f
wr
9 el or | o o oy (s oy o1 | o> 01 erpres 01 | smpes o1 | rmre 01
] oF)
P [l 66 | = om ooy (o o1 | = Em2 7 o) 01 s (2 01 | = (a2 7 o) o1 | = =2 o) | o1
e . =0 . e n s R e g
I A 8¢ | = o =y (e 01 | = =2 ) ] s 2 01 | 0 me (B2 7 i) o1 | @ o 2 o1
w7) w7 o) i)
Sl L€ | o ey (s 01 | = g o by =5y | OT s 2 01 | 1 oy (e 7 ) 01 | o ooy P @ i 01
Ir<wry)
g *2 |~y
Ir~<ery) =g Ir<gw) SE-06 1 fiFy 5 Irgey)
wfy 8 iy 0 g S€-06 1 iy ¢ Iy o0 Fomp? 2 gl 6 iy 8 T 0 g
Iy §eg ¢ sy § OT-5€ & g o el I &y e Iy Iy § 5P % ol 16 5E-08 )
€15 I8 IpTE 9¢ | ere= (0£-022 iy 6 9 =¥ (00T 1-000€ & A+ | 9 = (00 11-000€ 9 e (09€-006 1 £ v v | 9 s (o =0 0¢
I ) €lrvmem Copéiy (72)
[ e N o b €y e IreR & ey ()
b phanl I e 1 g s e (e e | Ity s
Cors Ipp =y o ISy s¢ | aee 0f | v 0g g (e rf=y | 0€ | o 0 (P rfme sty | 08 | eree© (s (A 0¢
sy ¢ IPTEE e | Feer og | e 97 e re | 0€ vy 0g
e 57y I 6 IR |
= I 5 =) o Ol o el $ e g Oy =
T {11 €€ | =P F0Arge Oy, | 0f | e (o oD =) 0g e (o e 0€ | rmw (R oty 0 e 08 | w0 (R ery 0 | 0€
e)
I % | e (SO0 TEF S T | w0 (=2 ) 1 e (122 T | o0 (2@ ) 1T | = (6 1
I 1€ | o= 015+ ) U | om0 0 1F ) T R (01 [T | e (01 FF) 1 O (S0-TEFE) | 1
I ey D)
IrsieF> [eakal o€ | e (§0-6 1) 1| ereet (126 +) I e (17 | T | oo (175 F) 1 e (S0-€ | 1
il g 67 | v 07 FF) T | ere0 (026 +) [ 0 (0TS | T | e (0T8T 1 e (-1 F ) [
&) i)
o) o (06% 2 )i (06% I ) en 7 |pl)
sleil 87 | s e (<s56) 9 | e (08%E0 £ e (0£9660 € | mrre (st mrew | 6% | w¥eepey® (0£-56% | 6T
| L7 | e (<09 i 57 9 Lo (0 3 = (827) FE | s (<00 i 60 g5 9 = (0-LT) ¥7
R = (Ty)
O P | 1R 97 | s (<05 9 | s (0T € = (> 08y) 9 v e (05-587) 9 oo (0F-867 67
T 6T e ST | e /o (£9-08%,) 9 = {(B-€6)) 9 = (L8-€67) 9 = {£8-€67) 9 = (£8-€67) 9
) aod)
P ey (r)e S6%) $8-€6% dAOT) aoD ¢ s8-€6% £6% JOd) { 08-06% qOod)
o oty | (i, AOH/A0D b7 | e o™ {05 7 58 0¢ | =" (08-06% aoD 9 = (08-06% 9 =" {02-06% AOD * 08- 9 = (54-58% 0D | 9
e
T
asvn P [T,
_mm i ing e I ¥y i Iy Irefre
[ C =T TR IPT T T IR

61

May 2008

DWA-Topics



AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

3
) bT
) § ) Y%lf <€ €1
ey | o0 et iy 5 e o (GOs %< | T b gl R A LA - 08 | =" &% 001%) a | = 9T
7y (o T ST | oy me)
P FEYE aod < § Pl | sy
RS e TR < OF 7= ) 1) 7§ d0D < 0% €1 | fromed
el £y (i, @O/ aoD ¥ s (207 % ¥ < OF 1T vrer? (507 Y I 11 v (07 % 1§ < OF 11 ol 0€ = (68-969 ¥ 6% T | # € = | 0€
1P vy
R sl s R A ) [ord o o€ o 0€ L o€ i 0g oy og | = 0g
1~ 1 I~ 7T B LT e LT = LT = LT e Lz | = LT
I3 17 e g LT vy LT = LT = LT b g 97 | o LT
el s34 07 e L7 s £ orf ey L7 et LT o Lz | LT
_33 V...ﬁﬂﬂm}v
=gt TECE) wl#D o eF0) 1 e EC) 1 608 TlE0F) = EO
7 [Iaindisendnlivia tliveead 61 sl ki Shackul el %4 o e P LT <" o onlE £7 ot {0 e D 0g " (¥t e e W0 (o o | o E=e o
) e I I Oy 31 o 1€ o 13 o) 1€ b e 0g - o | = 0g
| [ T Ty LT vef 1€ e T3 v e 1€ vef e 0 = 0 | =" [
HMHW i~ (i s S 0 ) 91 ey L7 e 4 e L7 ol 0¢ LE 0f | &= 0€
ey Xl [ ol iT el LT TS iT il 0€ % 0g | g&= 0g
Rt W e il edaas [l il LT o LT ol LT il og el og | 0 0g
<7 Iy i€ 22 =2 | je=y €1 il LT ol LT il LT il 13 il o€ | =m0 o€
[ sl [ e A 41 [ 0€ [ 0€ [H= 0€ [ 0g L¥= 0f | &= 0€
SFD 1Py I T 11 by 11 e 11 e [ wef e 3 = (3
vool [ o1 s 11 T 11 ) [ b ey [£3 o [3
T 2 g 6 ol It ol i = e e i€ - [
=)
g, 0.0 3¢
ST TR IFTEY ] g 23 f ol €€ s 23 wpr (~1000 $F61= 5 =" (sr0- | o1
ST
& 4}
,_@MHQ IFr e €1
T~ T B eava ol L il 1L il 1 ol 23 il (43 = (92°0-0 3/%) i | = rE
1= =y 9 el 3 ol € - [
161 Pty 5 g e e 7€ = [
<1
[
) ) €1
Jm &= | ey 4 eger ($7-09 i) 11 e (52-09 11 il 7€ il 7€ = (000F-0008 71 | =" |43
S it e € il U3 il 3 ol U3 il 0g il 0€ | == 3
)
3 e e Py z e 7 <y 7 o) 87 e e |88 | @i [ s | oS e it |87 | v r i s il 8¢
== ,
= Iy,
e ISy IFF~FEe) = |éi
=0 oo I ey Ity I f 14 il 3z il 14 ™ (aep 2 e 8T 7 (P ¥ et 37 | =" (P | 8T
T B () o= Cop R E ey AN Od/IN
e Ire s o
s e i SEE |

R 6 RS TST € oIS 1Rty

DWA-Topics

May 2008

62



Aallza Jal e

-

L2l olaadl

-

o) Laags Aad

e\diluy‘ X0

Ealtac) [ Ee oy LT Ee oy L7 E by LT H &y 0g o iy 0 [ % 0%
Eleme Ir=(8)
Pl Tl Iy O = £ -0 LT e i =0 4 ~° 0€ asiiag g | "5 0g
%13 I 1==)
e ey e (== 144 sl LT s L7 v L7 g 0 o iy 0f | g0k 0%
T (Topm I3 Ee &y LT Ee &y LT Eodp LT Ho iy 0t Eo iy g | &% 0t
15 et [ s 01 ey 01 e 01 o 01 e e 01
& e 6¢ e 01 ety 01 ey 01 s 01 T o1 [ o 01
S 1§ 2 e 3% e 01 e [ s 01 s 01 s 0T | = 01
B I3 s 01 R 01 e 01 s 01 o [T ERS 01
e %)
Iy =0 s ISy ey 17
= F LTPE Ay Ir=y
EAEy & |y S ~Ep
I Irfle IrvTy 9 ol 0g fval 0% ol 0g il 0g =rve= (0S5-001 T £ e e | 0c
o o)
sy 17
[
Iy i | ) s It ey it ol
{fce sy sy 5y [l 0f LeE 0% [l 0€¢ e (g ey oy 0f e (e =y iy vE | ne¥ [ | o0f
I3 s IPTEy [ ol 11 [l 1T [l 11 [l € ol re | =T 0f
17 ey [ oot 0¢ [ 0€ 5o 0€ £ o 0¢ [ 0f | & 0¢
)
5|0 © Hrr (I€EF) I Her (-efwe) | 1 e (£ £ o) I e (T ) I o (€ Fd) I | "¢ I
)
e 1€ v (0-€ f2Y) 1 e (0-€ Feled) 1 by (0-€ Fo() 1 by (1€ F2() 1 = (50 Fod) 1 " (>0 1
oy 9 E4 )
sl el 0F ey (0-E o) 1 s (0-€ 5 ) 1 e (- Fo() 1 e (01 ) 1 = {(§g-29 Fae) 1 - (5°g- 1
e =9 F40)
b sl B ks ) 67 e (1-€ €20Y) 1 e (1-€ Fele) 1 b (1€ F20) 1 e (1-€ o) 1 N (§7-29 Fo) I = (5z- 1
w9 o o) o) ST
<€ 0 Y W ewmd) = (0L% I <€0 <g0 Y FI | s
w60 o) = (02% {0€9%, w60 o) w60 o) T {0L% I I §°0-L°0 771 ¥YmC) €1 | (o
ka8 37 wbeer f e (0% 11 el ol 11 e e (05% 11 o € =P (i = | 06% TT | 7O oy | O
ST | mwrp )
vT | sy
=) =) €1 | (e
== 1T = (0L T ) I o (<01 | =rf on ) | T faf (0 £ Hego® (SF | Ff ey | og
ST | =y )
FT | 1
i) YT ) 10T o7 i) €1 | (Frewe?
i3 1555 T e (<5 7Y me) 11 Feep (< 1 e (<5 7 9m) 1§ rve (01%) < o (06% < S cKE € | T | O ok | 0F
o2 (R (510) g Cop éee o e Iy AIN/A0 OW/AN
= I s
[l & ki S ferdy

63

May 2008

DWA-Topics



el

ey we)

Sy T )

jigys k! 0 o6 oy Frosd sy | 92 Lo ¥ 0 of =gy (Frreed 0¢ = (08%) | e (5160 o) [ be
Sy ey By
sl - 9z o ve | 0 o8 =y (o 0g =1 (06%) | e (5 60 o) £ e
I o e 2)
T oy ) Sy Ey &)
e i(p; OE/A0D 0 o opy Frowd sty | 0 (Sl e 0 1 =gy (o 0€ = (58%) Lo rE
s i oy i - o | =" o 0g i o€
I~ 1 IeT ol LT = LT = LT e LT
i ey LT o 47 ogf e LT iy 97
- LT e LT e LT s LT
(61 ) iG] ey
0 e | IR I oD i o FHr =P (w0 | o iy 9z il e thadad 0¢ = (= =05 | 0€
we o | mee I e - 0¢ oy o [ = 1€ el 0g
A e Bl [ wrger? 0¢ sl 1€ Bl 0€
=1 (R 2 S » ) L & 0f T, B 0f L= 0€ LR o
§, &% [ f, e [3 f, < 0€ 1 0€
ety | et [t il 0g [ 9T foG 0g [ 9z
P b [ a2 o ey g [ vrger? 3 ol 0€¢ el 0¢
iy =
[l =Rl
s 5 5T f B 97 [l 9z [ 9%
TS P I TEY 11
il ot 01
[ saliaSillu g 6
& TSP TS I ]
,?ﬂé 3€) 90°0 3°€)
I TE R M L = (T 0-8'0 39} L e (€0°0-50°0 L e ($0°0-7°0 3RE) L e (1070~ L
150 Irs¥ Ay 9 - e e A i1 il 23
=]
150 IFFEEey g il 43 il 97 - (43 v (e | 9z
g
150 Iy ¥ - 23 e (- TF 91 =¥ (7570 3FE) LT e FE
iesva e € il 0g sl 0t ol o€ il o€
(e TGS
Ity e |y ety 4 el 87| e 87 | o 8z et e | 9T
reC ) IrFEy) e )
= srdD e oy [y 1 = (v =~ S 87 sef ey 9z = (e 2 péie 87 5, (@ | 82
e (A0) ey 69 ity AL |06 g Cop il
=
[t & Jusiand

AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

e

DWA-Topics

May 2008

64



Aallza Jal e

-

L2l olaadl

-

o) Laags Aad

e\diluy‘ X0

il [ e iy 01
Sl [=%) A
[Saaslie el A S NS 2% Ko iy o
FIB Il e
o ey et w Ee ey ot
[ |6 o T+ Kot &y (018
15 At OF vopers o1
- GRS 6% o ot
T EiGas 3¢ e 01
(42l e i€ s o1
*tv)
Py €y I e i€y =g
152 e IreEy o¢ e i D 0g [ ahad 0g i 0g e 97 e (B T (0 0g [ ik 0t
1P Iy
8y Iy e 65
o (g (o0 |rsfp
hadnsd I =g =5y 50 e
CApg IPT =y 5 5¢ [ 3 [ 0t (S 0g fooEC 0g v (v CAy 0g sl 97
0T 1T
Ipesys [Ty v e [ [ Ve [ 11 e 81 610 | e 0€F Lo e
I 6 e 15) Ire o ) SEC I )
i deat 0 | g o e ey b
sy 0=y 0 (S ey ey oF 0 e T 6 Iy
2 ey €€ £ o 0E e () IséC 0E e (il Ir$le ey | 0€ S (s 0g e (e SO0 | 08 iauv?\é 0g
L
[l 4% =" (e I %0 1 e (0-T ) I e 97 e (T-E€F+F) 1 e (0-<1 1
oy (CTsTEFD) 0T 12 =]
Dt e 1€ o (29 () 1 o (€ F) 1 vy (1-T o) 1 o s 80 6T | = (14 =) 1 e (05T 1
= (CT-52E+7) 07 12 )
IS aalal 0g o (§E~r0 o) 1 o (Tor 0 E) 1 ' (T-96 ) 1 el epforgper? 80 61 | o {1-96+7) 1 =¥ (7-9 1
B ) (ST-57p=E) 0 17 ]
b eaklar 6T P (§T~=9 =) 1 e (I->€ 1 =" (€98 F) 1 e vhonz il 81 617 = (I-F =) 1 s (1-€ 1
L
“Mm_o w0 LEC
K C63) e
(08% + 15 e ey 2)
T B ST w7 ACEY [ 00 1T | e /IR I
hdis:ls j:14 o0 of =gy froed sy | o7 (%248 [ 0 of =gy (Eroerd 0g sfwer (0€%, | 8D 6T | e @0 iaee 9z Lo re
w6 a)
=% (029 #
Ty ) Sy Ty ) # {6 0% 1T
o el LT 0 o oy frowed sty | 9T [ 5-:8 PE 0 o =gy (Frove? 0€ e (01% 81 61 | »rww0 {57 60r o) 9T LaF e
e (@) [y 60 ftty ALL |RETER Aol (Cor? e | =
[l
[ndiim) g lizad

65

May 2008

DWA-Topics



AldAiaY Bale) Cidgs Aadlall sluadl dallas Jal

66

May 2008

zlidal)
aaall | AR
WHO, 2006a 1
Gunthert und Reicherter, 2001 2
ATV-DVWK, 2000 3
DWA 4l 50l 4301231 4Ll Bayern, 2005 4
MURL, 1999 5
Von Sperling und Chernicharo, 2006 6
ATV, 1998 7
Grinebaum und Weyand, 1995 8
Lenz, 2004 9
Alcalde et al., 2004 10
Strohmeier, 1998 11
Wedi, 2005 12
Engelhardt, 2006 13
Gulnder, 2001 14
Frechen, 2006 15
Schleypen, 2005 16
Cornel, 2006 17
Laber, 2001 18
Novak, 2005 19
DWA, 2006 20
Lutzner, 2002 21
IRC, 2004 22
Ruhrverband, 1992 23
Barjenbruch und Al Jiroudi, 2005 24
(& e i) Jaall 483 25
(== p25) Tim Fuhrmann 26
Hans Huber 27
(=34 a2) Volker Karl 28
(o= 225) Roland Knitschky | 29
(o= p255) Alessandro Meda und Peter Cornel 30
(=>4 p285) Hermann Orth 31
(=34 a255) Holger Scheer 32
(=34 a2:) Florian Schmidtlein 33
(=34 o255) Christina Schwarz | 34
DWA-Topics



AlAELY) Bale ) Cisgs dastall oluedl dallaa Jal

(A taiy) A3l e £ 3 o) &l usidall (1) Gata
:ee‘):m.“ :\BAD‘.A

oY) g aualy Y i (50 Galle legde Cjlate g LS dpu ) Clalbaall 4y 3laiy) dallly JLa¥) e )1 alaain) &5 a6l
gl Aallly sl e 1) Aa seie Ay a5 ga sl Jaad Josd (S A pall dallly A3kl Clasiasell Baoa jsey GIA

iy il 4aodadY) il paidal)

oiaall g sall GaansY) BOD

aieall Silaasll CaansY) COD
adlall 2 gl DS

(s oogSh ol 5 aSadll 5 bl Ls 5l S5 E+MCR

SSI G il Niot
FRRATIPAT SS
Sl A 5 SN Sl e PT

DWA-Topics May 2008 67






LA7K B9 5% R 4 B FR Y
SR T Z 7S

May 2008

German Association for Water, Wastewater and Waste D WA



DK PR A 0 B AR T K AEE T 20F fh

BEK, SRAEAWLEDS (DWA )

A3 DWA B SCARA 5 . S A P SCRRAS AT i3RI

MK V5 KARFED AL B2y (DWA) 24 FE K B A AT AR WA, PRI T8
S AR AEREE R R KAT . VE I AEBUAFIZ G EAAT s (A SV T B0 B 1 B b AT 75 7K
Tl JRIKS RFFD LR

FERCUVE N DWA 2200 1 5 e 2 R B2, B I AR ARAERT . BONLRF IR A JAE R
J7 RNV RE T T AENE S ORFEE R PR (K07 o MU 14000 44 B it A A (K8 5L b5 47 B LR
PTIN AEBEAL Bt Iig g5 B, BURKLIC BL R Ak AR

MUK OME 25 T A TS AN SR S8 8 4 BRI LL A 2 5 b, B )2 BT ERHIT .
BURE (R AR A AR R AR 8 PR PR A A 455 55 R85 KK B ORGP AH QR e 5 R A T ) DR

H IR

IR RAT BB HEHH - R

TR VKR S b B2y (DWA) Wanli Zhao — Peking, China
Hisik: Theodor-Heuss-Allee 17 BV A«

D-53773 Hennef, Germany  ({&[&) Druckhaus Koéthen

Hif.: +49 2242 872-333 ISBN:

L +49 2242 872-100 978-3-941089-83-9

FELIIR: kundenzentrum@dwa.de

ki ik: www.dwa.de AA5100% Fh IR AT5K E
© DWA TEIE K 15K FE S At # 45, Hennef 2009

A IATIEAL e 3l 2 B P AT 35 IROBCRNA AT & AT ARAS 20 RS PR3 TR VR T WA SR VR A H ) R A AT A 2 A
SEN A AR U, s e . R Dol SO A B s A Lt T LLE T i 5

70 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

|

Al

ZAELICR, ATBORMSR K 5 RN, /K BEUSAE BRI R ALK T 1 EEA A R SR B S ™ H 1Y) 9%
PRl ). VF 22 51X TR S Sk £ [ PR R B 43 A A (KA B4 75 *GEO-4” (UNEP,2007)
BT T TR AL R TSR N VOB 60 {2, LA AR HB 0 AR /K R AE AP T BRI
PEEGRET o MROTT SRAE T DD BRUIHAE,  FARBIKBEOIE 3 X5 K BEAT PR R AN AR A

A, KO T DT S B R 1k AR T KGR b, T
B T30 B B 8 AR M b /K 0 T SR B AR I K B s, K 15 KRB S By
FUTH R I KA B TR B R LR R A2 4h, QIS TR T BIZ-EbR A L B A 1
BIZ-11.4 DWA “/K ) FF " TAE4 .

BETARALIE S 2 — R WA A AR R AR T T2, RIS iy 7 b o
Pl SR RZ 0T L, TARAAES T OPIAIE, LA B L5 TRl FbR K AR AR
HEAFHIA AR

i 2R, AR SCARIE T DWA BIZ-11.4 “IKI PRI AU RS 75 AR Prds th I WFTT 46 18 i
Aot DWA I IER AR 7 o DUAT IR PPAG HT B 2 42 S i S B AR A, ANBEA D R 55 L0 4
W, TR RS R e, TARA IR KK 12 5 AR R .

A SCRFHAE LK R A E bR (035 K AL B 2P Al R B AT 42 58 B Excel L1 a6 SCfF 6, )
Al LA RV 3] DWA [ 7T <http://www.dwa.de/master/wastewater-reuse> #E47 N4, £ Z i 7 w]
DASREUIZX SE L A% T AR A RN RS

B &

ARTEEK V5 KBE DA B 25 18 CEEH DWA BIZ-11.4 “KIFAIA 7 TAEH 5 Sidts, Fi&A
NZH T TR

(i, 2) ( KA, Wi )

CORNEL, Peter HFz. T, Darmstadt
FIRMENICH, Edgar TRE2AA -+, Mannheim
FUHRMANN, Tim TFE2Am L, Witten

HUBER, Hans TR E.h. TRE2AA:, Berching (K5 )
KAMPE, Peter TRE2EmL, Maintal

KARL, Volker TR, Frankfurt

MEDA, Alessandro Dott. Ing., Darmstadt

ORON, Gideon HFz, Kiryat Sde-Boker, Israel (% i)
ORTH, Hermann Bz, TR, Bochum
SCHEER, Holger T FE2418 -1, habil., Essen
SCHMIDTLEIN, Florian TRE2Am L, Bochum

SCHNEIDER, Thomas’ THRE2EAGL:, Bochum (i)
SCHWARZ, Christina TFE2£00i 1, Neubiberg
WEISTROFFER, Klaus TRE2EmL:, Eschborn

DWA GBI H 157 A

HEIDEBRECHT, Rudiger THE2i, Hennef
BRI B AR

DWA-Topics May 2008 71



DK PR A 0 B AR T K AEE T 20F fh

B x

E‘fj—‘ﬁr ....................................................................................................................... 71
ﬂ;%ﬂ ....................................................................................................................... 71
1 ﬁﬁﬁq E;ﬁ: ..................................................................................................... 73
2 ﬂ(ﬁ;ﬁ“ﬂ E(I%)‘( .............................................................................................. 74
3 ﬂ(ﬁ;ﬁ“zﬁ Egﬁ.n‘juags ....................................................................................... 75
3.1 Tji/“z?IﬂZ%Eﬁié\ﬁ\@ .............................................................................. 75
3.2 ;@L&*E@g;k ................................................................................................. 76
33 Xﬁﬁ%{"ﬁ%ﬂ%ﬂﬁ%f/ﬁﬁ‘éﬁ B@g;k ........................................................................

34 E’i{iﬁﬁ%% ................................................................................................. 77
3.5 /jéﬁi/iﬂﬁn %(Eguﬁjbg ................................................................................... 78
3.6 KA IR H E/‘]—rﬁ;%{gjj ................................................................................ 78
37 ﬁl\*%ﬂl&{ﬁ ..................................................................................................... 79
4 E‘Uﬁ%ﬂ"ﬂ ........................................................................................................ 80
4.1 ?%E‘]Fjﬁﬁ;%ﬁﬂ ............................................................................................. 80
4.2 ﬁﬁg\‘;{mﬂﬁg H@%@U ....................................................................................... 81
5 uﬂ(ﬁ;ﬁ“ﬁﬁ)@ Hﬁ}%@ﬂ(&tﬁig-‘ﬁﬁﬁ% ................................................... 82
51 ﬁ?{ﬁ%ﬁlﬁ;ﬁg H ﬁ: ............................................................................................. 82
5.2 B AFI ER] 22 e 83
53 %EK?EEI"J%FAJ%DTE%@%%X ................................................................................... 84
531 1—} 1-2 “{@'E@m (ﬂ\” ........................................................................................ 86
532 ﬁi 3-6 “éé{%%li-ﬁ’ﬁﬁﬂi 2 e e ra e e e rara e a e rra e erns 86
533 ﬁ'f 7-11 “éﬁéﬁ,‘%[i-]ﬁ_%ﬁjj&” ....................................................................... 87
534 AT 12-16 “UEEIB T ITEREE IR REM 7 cevennmmreree e 87
535 ﬁf 17-19 “XHLTSEM"EAE‘\ E@?&*” .................................................................... 87
536 ﬁf 20-36 “ &%ﬁ*” ..................................................................................... 88
537 ﬁf 37-40 “/%/E%ﬁ*” ..................................................................................... 89
538 AT A1-44 “ N F R FIE T 7 e e e 89
i/}%j(ﬁ ....................................................................................................................... 90
l}ﬁ,ﬁ: uﬂ(ﬁﬂmyg Eb‘ﬁﬁ‘]@ﬂ(&bﬁigﬁz'fﬁfﬁlﬁ ................................................... 92
REBRG

2@ 1 ﬁ%ﬁf%&ﬂ%ﬁ?‘ ....................................................................................... 85

72 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

1 R B PR

X R K BEAT A PR PR (i PR ¥ G AR B B S i, B 7 BRI LAAR KD R X, i BREUR Ok
WA AE M 5 MR (5%, HANBUR BT R RRI, A8 LR AR P[] Al St — T
AN R o BRARNE AN, PSR KA T 22 SR (K i SCHAE W 1, Jal o A S L8 PR 5K 11
FEGCRARTT o XL T ANV AT AR DI, R BRI R SR S22 3K B AR B i fit 4y

ob
He o

X R ACHEA T AE BRI A 2 — T ol AT 2 SR G PR R B T [ SORT [ B R i BTt KAk
BT ZIAIRIE - ArtfEsh, G225 845 [ /e i i A AR L SRkl AR N B
ARACPLELIARGEAETTHAFAE R 2257 AT A ST I AN FIPE R 2 TP TR 5 DA IR Z, Bl
AQUAREC (2006), ANGELAKIS et al. (2001), WHO (2006), ASANO (2007), JIMENEZ 1 ASANO (2008).

AT PR S FEAR ARG K AR BE T ZME N I RENE ik #E A IE I T 2R A Bl o B DK VKRR ST
PR BIZ-11.4 KA " TARALANE T DNEUEI . SR A RK AP T Z PP HIEE . PSR
MK A s YPRLRIRE S AE . 4E S IS AN A B 5 I T Z AT V- A, KRR DAl R Al
XA AL B T ZREA TR AR B L 3 H Al AT T2 1) AT L5028 BB a5 A B T2 5 7K SR A SR PR XU A
AR TP R PP AR B T AR AR T R K GREME S W 7 K AR S R K R D o A4S L
WHIZK COEFRAKD AR E#R AFA VU LU PR i, BIERK 2 SRR, X e A TE
AL .

AR UL PP HFE K H AR T PR (A A BE T 2l AT e T HEN . S 2 PR JEAt R E o PRALHE
W PR AL o DR R RSB, AZ BT PR A PRGN S5 . IR LB HARIK e AT
B NEEBNT o BARPPAFEMEAER 2 T 00 EARER AR TRE A 50k, A DO A BEE . R e sfede it
o TR BRI RFN W AT M 2 o M TARER LS, PP FERE: 8 H AR S
DR ARFSFHMER, P BUax Oy THRITEID - Al . 3% 2 Sk K b B0 i
EETA, XWIEH TR, WEH TR E .

DWA-Topics May 2008 73



DK PR A 0 B AR T K AEE T 20F fh

2 KBRRABEYL

S AT BR AR B AL NS B M A A o — S BRI 108 Rl st AR AT 5 BT
SR B SRR R b B R IR BRI & o BR T 8 B URME SR G AF L BOK BE I A AN S I 32 0h 3K
UL ZK B P 2 1) L A AE TN 1 S G RS FE K S48 0 35 AN R 3R o P K B R AR
W RFER A 7 3L SR KA 7K B AT 52 295 AR A5 )8 hn™ Sl . eA Pl A Bk Ak
AR 2 25 IR T AR R K DR B =2 4. AR ISR BEIR S (UNESCO,2006) HUFi, LABLAT
I FETT AHES,  AERAFIE DL R AL PR 60 1 S 7042 1 T i 7K 8 PRt e 0 ) R 4 e
DRATRFOUHEST,  toRE A7 484 [H K (112042 N\ DI I K B A S 12 BURF AL b U AR A HE SR A 24
(IPCC,2007) % Z v A Bk AR A 2 BUA NN Jai] 4 Bk ) 7K B B = 1)

K AR HATEVF 2 [ X C SO e AN S BOR, JFFEAATE A3 2 S e ), R
R SR R BRI T RS B E AL 2y R AR TR AR W (AT 28T B IR A
FE21HLE I 1 ER Bz — o 2RI AR BE L 5 AL AN [ A 5 K AR AE B B K S ARAR D s AT (i T A
FIAHAAE T K BEURE A o L DT lRAE T-TH SH AN TS 0 AT AR S5 A BRI K B2 TR R 7 I o

FE BN 5 2T T E S R RIARAT N AR o X5k PR K BEA T 38 24 (K7 AR B FAF D M K BT AR
NVAE B ORIRIR K BE T A LRI A VS ) SIS K Bt A 1T LA B2 PR S g L2 (24
IRy XA EE IR AT R R 25K .

TEVFZ R RE T E XM X oK, B RIS At Ab B PR 7K B AR A R R PR K AT B L
R AR B S 25 5 D5 s KA b i AR A REE LK, DU E R AR BRI AR5
Wi g HAC LR e JRAK (22 R ARGAC BRI BOH TRAGRA I b A== R FEIR S8 Ji v [ 5K
BT % [ SR AT 5G /K R AT TR AE AR b (2 2 2k i DA ZAWHORMIB A (18 EPA HE
TR, AHSERRE DU K 2 B S BT I A LA 2% 8 L PSR AR I B R EESR (/R - K
% 2005) .

FEAR G ) R 5 SEALAE BE AP N B IR B KGR — FH U, N BRKIEA T 2 i A B s AT b, L H
A A T A 5 (0 KR e /M 1 B T L AN AR ) AR R g 2RI A2 1

74 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

3 kBRAHNZIUAR

31 XU HEREHSINF

JKIFE A BB o — R YUARIEAN [F) AR 2 e R AL A ARATTAL 2R AR ELAT b O R A 45580, BASKE IR
FIRFSAG M AR R YRV R o A2 B FH AR AR BERT 8 AR TG 23 7 A 5, 5 2 AHOR IR B AR 25 2 145
VEX o) TRUR AR . BRECR ALV REJZ I A by N i RS0 S (i 2 SO R R B AR K e

RS AR T R TR] 5 B S R R 5 /KPR T 5 e T L 1 S B LA 3R o A T SR/ 22 ML DX O R A ] P2 22
/> LR 43 M3l ok e TR s T B AT W - ARGUK BRI AR . IR BT T I BERE A R 4
WA AU Z KR I (HZ, U P A 22 ] P 7K A 20 1 O 1 A%
FERRTFIOHCd, FO (3R o SR A ASKERE R, I 5 BORA G | BfEMYey DL RO REE 3 (191 SR AT
) 47K BIWURAEVF2 5 RRERE AR S8 s B ml DG I AR BRI K, B4R H & A7 e iioh JIASREM S 58
RN,

B AE T FRVF 22 M50 W KA S v e R K IR Y R AT RIOK A% 48, R N a I HEE A A AR IE
BEATAIHS 005 At A BUHES,  EAE LR R YEUR St DX A P A 2 [ FH A RO £ P SR> o BK
A ISRBIANG,  AATTs 2 ol b ok A AR B R K AT B et &, DG FHANRE B 7K bl RE S AT IR 2L
oI S AR DR AL WS RIS o I AT L8 M DORE S A AN AR B B FH K AN T 53 32 B s 5 22 SRABL A R Y
WEIELRR . (RS K AR & 32 2R U S 1B, 20 R SCBIN ) o RO T it 2
L Pg AT TE 25 A NI A A3 SIPERIZS L . 3R T AT A AR B T K A i T I 22 4
TRBE R GAE X LA A M (0, BT E G RGE DI IERE DN 2R R XA R
Foft 70 EE 52 M) FH SR PO AL PRI AR v o A P B e BT S L v, A5 DU A TR S S (A 4 52 AL B[]
HIZK R o

FHBCs A IRV ATRAR R 10 QAR D R A A B A (A [R5 R AT AR S A 20 b AT A 28
FUBIIANAR P AR i 9 0D ER T 0 SRR (K T G, S0F R KRR (DA T 2 B DA ¥ T S B R A S5
Bt IXWRRA, ERXFHE MTE 2 R ARSOT BB, Rl L Bk Z A R AT A L .

ARBI Sk, 0T AT N 48 v mT DA fpe 26 1Y 55 b 3 mT P K R 0056 3R 1) BB AR DT X, IR RIS i A
Pobt FHIE SR B S I R KSR, 0 A S I R (R 7 LA SRR L 5 . DA
DR PR St 23 TR BT ARG DL AR OGS B 2 55 R LRI R R S I R e s B2 (1 o 36
g, AR AN ER T ISR, AT AR AL 200 1 2557

IKZGRERLR AT ORISR S SRR

DA R DR

YUSEAEIDE Y e Vs N DA i DEs & NV

BATIESRARE S LA N BB, etk NaTBD , hERBET MR
AT K

F BRI TEA (BEASCH CAPEX) FUEHE A (G2 OPEX) NI 55 BORMZ B il 47 1L
o IRELORARITTFFE R REA 3R

o UFFHNER

DWA-Topics May 2008 75



DK PR A 0 B AR T K AEE T 20F fh

ZEH): FREKEAHES KR

FERRRIEAR R 22 2K, KRR 20 Wl TF s R B A . Bl infE TR
Koo RZMAQOOLEFL A il 4l T Rt T 27 Bt 3450025 L ) - U HEAT A ML HEME . Bt A 11 (1)
WK (A NE7200)7, itk 20174215518300 7 ) PA LA &4 PRI R IE (A /K 85 B
Z BZ2001Zm 4, 201 7AETRAFI400/2m3/AE) 5 K I PR 70 L3 [ 57 36 R 5 0
BAK AR AS L N T o AP IR LA P30 22 T 5K AR P AR e, - DA Ay o2 I %
IR L EETFB .

b DR ) i P 24 SR ARER AR S R IR, 9 Ay BT  F B  =2  di 45 R K
H. E. Ahmed Al-Sabban 7ERi A7 Lt 28 0K — K T A FH 2130 B AR U, (7T 22 800 R4 A
A AR KRR R RS RE, AR TR SR A BERE K I s R, RHKEA T RERI
AL XA S 1095 K AT IR S SR RN EA T G, “ REVE R TE . LR mK” .

(AL-SABBAN, 2005)

3.2 XEARKIERK

AT PREEK I A T R 224l BInAe AR AT, 1R T R A B R (R R 2K, X 2E
G RBAMARAE . IXEEZORW L2 7 A, OIS ORI AR R, 90 & 8 TR s
CAORT AN R oKAR, DL R OR3P RE I 0t B2 ALK [ A s P 0 (I

AT I DR AN ESR R) RURE UG K K7 H R IR S, (R AR BEK IR AR AT SR ARIESE I, IX Rl
DUN T 2R M AGRATAEE o W LGB i 7 Kk, BT DOy g s R # OB . 51—
1, AKAIAEE 7 AR KB AR SR (o, LB s AN w8 JR TR .

2SR LR AR AR B R AN [R5 7 AR A (¥ S T e A B B Xk I (R AN [R] R S 13 Bl 23
.

3.3 XTHEAEEEABRIERE S ESR

BERANREH AN E IR R AT, IS A FHIF IR BANBE A AR I o B P ade A B T 20 2R PEAH K
KM RS RIBAT T A E MR R ). BE—20 U0, T 2RI i 2k CHARRME BEfr
PO BAEN SNBSS, OF (REWS) SSTEMUITRATE) . KWK EAT SR ik
BN ANREE A BN S o XTSI H T B FESIE I ERAE N DA, RS8N B A 7 22 RE G Il L 1Y
YK BT fs 2RI BT UKo R BAESAT VY JLAEREAT AN ] B 1) J5 S I AN 4% o

JUHFERRIN LLAME 5, X SEBRH 515 K s AT LSS AR 5, H R G T
IBAT PRI k= 5

BAE N LR UEAN B ZER
ZRELRT NN A PR

LI R ARl iy 2k D o s

76 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

o  MILHERRENE LT O\ “ToK) B BPsia ")
o UREHIAER A T U BN, B SR ) RS R
o BZEMGIECETRUR, Rl R BGR B AR R TR RESAME AT A

IRLEAFUUR IS oy 53 AL RS IR IE AT L GRENT 22 A v A 5 T A7) T i 5 1 22 B o

A HR A RE NS I R A8 AT P St T 5 DA S S ST AN A F5 63 T 1A B8 70 38 T R A P AR P I I 5 222 FE )
IS IS E

Fhl: BEERPT/R KA R THRI#RAERE T

TR VERILES I AN GE T8 70 AT BOBHEAT , 8 e KRG Ly /K A B i (X 8 R A 7 o o
DRI 3 25 B Sl 4 it S 2 o T8 AT RE D IR AN AR A AT R A KA i B T 0

BT 7R R AN B 75 K WREE AT LA CONAD RIEEAK A S AE T I T — MEIAL 75 K
TEERAE N G5 IIGE , —Ai f B R S A AT DX A B3 85 91 0 #E Boumerdes T 7K AL 2
J ST, ARSRIERAE A ARG BN RS 24, i, EMEE],
ARBEL BB, SRR O BT IR KA IE 22 Kb v K b IR A8 A 0 A BIE e B IR A T
WS SCR e B RIR AR S 53 T, A A AT T BELAR X R A R0 LA - 440 [ 34 26 A1 i By
Yvg—FEEE, B To /K AR BE T RE AR 2 10 B0 & IR 1 S TR & 2R 1018 1T

(TEE ARG 1E 2 7 GTZ, Emscher, 2006)

3.4 BEHRER

57K P B (R A A T I U ORAN SR ERA RN B3 AR BRI HTZCE P BLR N 5 22 4y 1l
Y[

PR PR K RIS AE 28 1 W AL B LUS AT 5 A AR 22 AR R 35 (R By s R 1 s LR AL 22 B B Y 2
bb, IXEERAR B AT NARBUR A, G W W RN 2 A AR R K
AL R 2 D 2 2% B R RAFSE ) TRy sl 1 283K

T S A PR e AR RE S L 5 /KK R ISR AR O, B A e (2 o AT mh B DP A B AN [
SR VA B PR HEAT T VP A

JEUU) L5 K AT B N IE R B Rl R, Kb (O IR A3 2 25 B L T KBl JFIRSI4E
RN FH A T AR R e SR G DR e . Dk, TR TR SR B P S0 P R AR R Cln
RAAFAED o WATTES, Rl B & RIRAT AN 22, w5 AN E R BN, Bl 5 Bk
M54 (WHO,2006) -

SRR RPN, B T S0 R R A 2 i T A N SRR B G T, A7 2815 DL R IE 2855 18 3]
FIREZE BRI S N AFIER AT 25 (R I o

DWA-Topics May 2008 77



DK PR A 0 B AR T K AEE T 20F fh

AN B3 RAL P b 25U /K P AR AL e A b (R g R 22 A DR 3 AR 11 5 H e DA v 7K PR
IV ¥ 2 42 T FAC A G INFEBNS TGS« T LU ™ W B Sy R 2SR AT AT A 2 6 75 PR RT3
FE.

3.5 VAR E KK

VF 22 [ 50T 0 T /K AR ARVE R BRI CE A [ A7 3 77 1 R 5, 45 DINT9650 (kT
REBLHIKI BAEZER) O, FERKIH LA, 4 i it e il BIRE 1 s K BRI R 1) B 5, 7% 18 /K
A RN IR 205 IR 3R

o WRBEVISRAG AN LU 2 A%, X050 AR R C 2 m] DUORBE A K i e 8 H], DAL
Gy N AAAGE R AR b T i 57 W] 5 S 1) s 7

o FHIRIEANAHORIE TARIE L [E P12k B R, PRI Al AT T2 T AN RE T Al A [ & B
L

o HEEHUE M ZEA NS A ML JE M AEVFHEBUE, XS LA Ak e AN T RERY [F] I ST

B T SR TR, AT L8 bR~ NSRS 5 B, B 1200648 A A (A T J 2R ZH A fR I
(WHO,2006) o X7 5 JEAHILT 25 FI0 [ 5oz 0l )9 AT T K 2R Al D e FIBRAE SR L 17 ] 2%
M2 AR o (7 U DA ol A A5 22 4 i b ) M T R R e A LA ) 2K S K A T H
(K DI, et AV TR T SO0 AR S ME BAS T 850 MTE R TR I

BURFAEAAT WAF 32 K (0 FER RT3 T VAR, B T 2858 SCBORPRHERNZER 2 41, th B3 i FLAt B 2 1)
Wz, Bl diky S, DO IR 5 355 (BATHLR . 2805 384705 D o #iSrik
e TR Ml WEER ShRIREss. oAb, SR ESRAS BER L WA 0 7 I i (K A%
il o

FE AL B EOARINRN 22 A VERRARFE B W TS 57 1 5 25 IS 28 IHUE S PRAUE W5 BN 225 S VR I
IR

TR B S AT AR, T F AR OL B R ANLE T8 Z AR T PRIV T AL 7K 5 o T A (14 4
. AEZHOK BT EE = B S 0L ANIE A PR HE IR AT JC BOb R St B3 T ) 1, 5 G e kA
ML P R s AA S LA U AT e 0 A R A (O e AP Fedth B, TR Br BT IR, X E S
HEMIL IR S M

3.6 AKFFIHTE K83 7

WA e PR A T 30 R T /K BRI SR AT 5, 1 el T AN SO R HE SR 2GR A A Gl S 17
R ) AEZAT WA T SRA N0 o AL BE S A5 K O — BB S BEU, AR EEK I A FRT
HN 3R Ao

D SRS e R i T O R R B AR BRI REA T Ve L B S, =4 iMool i i

AKHERR 4D T 1) I ANBUR AR R L [ I BEA [l ReAR PR 7K B 5 BRASE 3o BT 08 20 M X e 9 K
RS e 28 1 3 B0 A RK BRI S AIS AT 2 I o 2. HEA RA L ARK BRI, AR

78 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

ARAE PR R K AR AT B T PR HE O IRREA T PR, B AN BE™ IR 0 A LAR B ™ o Bl BT K
KT AT SR AT BAR T[] I 5 SRAE AN WG, ARV DO Q3D — I CAR TR B AR e
X, O T K BRI R A 2450 o3 A1 s Bt b TR L R T M RO AR AR T 2
PRI RERE A I 2 ALK ANE IR T8 3R (KR PR R AT #4501 S B AN TR 2 BRIl ok T 56

S, IR S ERA E IR A AL BEECAR, e T4, ARG VR A Y% 8K TR R 4y
(A, A ™ A K 1 5 K AR BT S 1 375 S 3l s DX A Jgg 1 IR KA T LI R R D), X2
R — D7 TG My KRR B, S — D7, ACBEIR AR R % 2 B, Wk EEH T Al
A

Br 7R TR A R S, V2 ROE B SR BRI AT IR KI5 et i Ak I S 3 T 1)
BEI VA B A DR TR A ™ 77 1) B A T AE HEST 5 K (K A RS TARGF A Iz LAl o X i ve e AR H
RO BEARSAS LSBT (1 Ak A R DA B4 L I3 T 2% S04k A 208 ke

B 1K R YA B A K TR PR P Sk 35 v 28R A = 2 g b= [ AR PRT A T 90 DAL P 74 A% A PR 3%
Pt T A ERVE B NI IS T LIS o AR DA v5 K A BEEOR T A IR PP A AR B2 1 R BEvH 5 4 TR
RS TIPS D 2 i 2 P A 1 v it PR K

ZH1: KRB TS

HI LI 7 SR AR S PRI R, AR /I AR BRI A R O T R o K, Fii
AR UEE A YA A ] Ff 73 M 1 15% . 4511201 112 JE V4 7. 2003455 K AL B T I3 L 20 4 9
TS0, FHKE10%, BMESEMEEMREBARANTIZGER, RS2 EA Dk
PHIF. .

ges S S e i b i NG VN RS AN SR/ Iva i e W ERN TR 3 BN TR ST e 1R
B, o SERFASL ) L3 T AN U AR ARG AT S5 K K B F A TSR o IR Ah 0 ST RF SR 5
i, AL T ARG S CPEUKEAM ARG ) MESTIRRER . &M ihas T
HFo

3.7 5%

T AKX FEAN ] 2K T PR SR S A RO PR A PR L Dl A i X9 B 9 AT PR A
BRI . 3K AT DUA T PR KRR LASARKT S B X K 53 SR A8 s B A 5 56

BEXRMICH K s OV HIZK S AR 7K S AN TRV R ST 5 BE A A A% A7 B 1 SEAT 28 AR K B e M
BTAHE LR 1 J I SR 2 8 Ay G R DL W BUSCHF o IR H i g SRSl 2 s A LAt O m]
A R S DL RS ] P SO RE A IS T /S E AR AR R A BOATE g o AR AT
g AR A A AR W REA T TR LR P B i A T AN LAl e 7 e g% COTUnR AR IR T &

JKERA A BB 00 H -fr B3 22 B L AiUah- C 225 1 i Ao, ma Ak WORE AN A 45 Je
R 7K R I 2 ML X 1R99 Bl A rP AT A 2508 0 DX P R R EBOK B8 22 0 0 (K1 K ORISR R A

DWA-Topics May 2008 79



DK PR A 0 B AR T K AEE T 20F fh

PR KRR T Bt 0 8 A 5088 BURFAMUE AN SEECR B AL T AR A0 T QBN T 41 e
FHEAN o M B R ARAT 43 2 BEBE A IO FERE PTATPERF TR 2, 2Ry RPN R AR AT AN BOR
ATURTE, FERE XS BB CBARMBEBE AT A M CRIERIOTE ) 105 # A E A T %

Ht O 22 KR FH VE R L Br ZZ 048 H T SRR . Bl 45 R D0« i Mk Ak R ATLAS) A ] 3d e 45 5 11
MEHRLA R SRAT . B 455 ——IF Bt e i [ Sk S I 2 U R & B B o 71 b D 8 B RO T 9
it 5 AQUAREC (2006) FIEMWISHR #5-R /KA (2007) Ha] LUK Rl Dy 1) 241

4 NHRH

4.1 TEE KN S

JRUETE AR KA BEBCR T AT F e, (H i TEEDKBRIRTE AL, P LA A0 b B (1 A2 30 7K ik
AT A R S B AN 3 o 4 PR KPR P 32 A AR B AR AN, DA T Ah TE s ROk
A A A A2 0E AEARRTHEINERD o seAMT BT S EM AR 1 AOKF .

DB ARV REBE K75 7K 37t S T U A s K AR BT, fEAE 20yl S i N T . H
Bt A Qe HE AR R 4%, I L HESH DA K AR A BEBOARAE DS B AT, X A B 1)
BRI 5 KR AR RS T

AEAE B T LA 25 (1R BIRE S DL AE K PR 22000, B Andeaak Lo gl k. AMetnve (I
EBINAD , IRIHAR . ZRFEE. IORGE. IR AR R, A AT TG K IR AN S0 Al 75 ]
MDA AlfeEE . Wi, FIgE e R A IX H 3.

Zhl: AMEHTE (Braunschweig) X 4 R B F K RIERPE 32K i B AU R

A 5¢ H 18954 CIT AR I £ /KA D ILRL S [ 2SR i 138 b — i o T
S Il T PR AR DA BRI SR AR I3RS, Rl o0 T d iy izt DX F) 3 i s
A HIRAEEYG K (4122007 m>/4E) A28 e AR (K 73 5 035 K A 31T REAT A= b B
(355 N TG KIENRES)) 5 1 AE R 2= AL B K AT LR T~ 20300028 BRI WEREA 3,
RS T G

FEIX LA AR R B TR, Bl Se. Fhin] Bk f BN T E & A
AP T DA R AR L RRBIE AT A f AR REURAE M I T Rl IE AL T B BL.

FEAZE ]y AL BRI TAMA FIAE & 1 Tk, DA RRERE A T F B AR B G2 afy R 5

T KA B ) FIHEISC  a  ORIPRURK RS H AR S2 KAk o T RFER R RE L TR] O 2E 5 BT I
ERRPHIESR CEWAESD .

80 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

AR A P I SR A B A S DR T B BT s K SRR ) e it o B TE FE A AE X PR R 22 5,
AAE R X AR TR AP B ISR DA R o AR B i 28 TR (14 £ 47 B B i S A2 TR 300mim,
X FECAERZ T AR AR A I LK B2 TR (A BR AU AR, v e i 7
LYY QUESEYERIN /T TN

TSl DK THIAR P b 32 0 AR 3k, R A B IET P AR R LA R AE S AT ™ F K SRAEAR K
ATBI N RS, JCHAE M TIRLeAR SR, W e l AR BEN VR, CRE AR XU ) )
PAFFAI

4.2 5 oAb X ) 54

THFESE TR A A7 BRI KPR T SEERAT AR 2 (N S0l i COL N IR (PHBES ), shrpifg X (4
HD MSEEBZEGINGD ,  HANERTANERER . I 2R K V9K FR M. HRoKIBIHTRTAb 781 R K.
AR BT SRR BERLR A 22 1) SEBIRIEFT P SRIBCE VEAR A5 L, BB Al i IR B 2K AR P AT 900
(JIMENEZ HI ASANO, 2008), (Mg /K fA IRk &) (MED-EUWI, 2007).

FH1: VIEFRHIE - MR L BOKEAA (W)

TEVHEF ACER, K EAI I H (& R Ak 184, 552 HiCatalonialf)ifg F X, 7K FEF)
FH R SUAMY s WA B RN 45 R PR 5O | A S B AfE T SE (W i o 511201198922 2001 4K [,
Costa Bravaifi 5 28 A4 4 B i #55F1) FH (1 7K 2 LT 286K 31 B4 29230 5 37 75 Ko [A]
W15 KB He SRR s 203000 )5 37 75 K o 3 L T S A 4 el SRR E R e 2R K BRI ) R
P o ALBRZKAEF TR R AKAR AR A ot By 1k SR KR, il e Torroella de Montgri
Al Tossa de Mar B[4 iX k¥ (1) 2451

(SALA et al., 2002).

Rpl: ABFAFMXFBAKENA (WE)

24 BT e 25 7 B /K SRR B = i) 8, T B K 7 SR BB I RS s B AL . BT
EAERE 5, ABEBUFSEKAFRHFRER S T AAZHEEMNE. Har#EgH KR =
(Z14.4412m>) F111116% (Z710077m®) Skl 4b 3 5 f175 K

R R AE L) B4 B X, Kb 35 (197K 58T 85 /K 421 31 e A 5 18 R HEWE /K TR, (R
BELUET “TEPRBIAOHER” ) King Talal /KX A X Ly v o, ST kA
As Samra, BagafilJerashis /K43 )~ £15700 7 m ) LA FH5 /K

(Schneider,2005)

DWA-Topics May 2008 81



DK PR A 0 B AR T K AEE T 20F fh

Bl KENFEEEMXKAKBEMNE (RED

TR JE SV PR ZE BN b S 1% 0 N 1R e 3, SX R R 5 AT IRV bR AE AN FHBER
WAL FEAE 2 IR BE o AN AE20004F st 3 20045 7K T IR B K rT 4 F R T, PR 8 2
DA b T A [l b A FH 7K R 32

flan, SERI(Monterey) i 13X {1 5C K 1137 70% (K17 i, L P AR 73 Pl 7 i ]
KRE PRI P K HERE, 7EERE g ], ~F-1483000 m®/oK (R /K 77 2 B8 AT e 4 B AL B - P T WEBE

FEBR I (Irvine), AT T KE W Z A 34T — BN AR B 20 B8 Y B 28 el
TR RERY . ACTHAE B S I 55 o ARBR IR ALK A7 2R KR 20%, A BB I HoRE 12
et AT A Be s A S BE

(Orth,2005)

5 LUKBFI AR BARRY5 KL E T Z G ER

5.1 PRAEFERERT B AR

N T KRR, FRATTNEEToF 8 FH AN SR £ Bl B IS K AR BEBOAR, FF K% [ S AR A Bk
AE (It DA AR AL o AR PRAE PRI BT i % [ 5 M X W) 2 ASHH [F] A AE 2R 20 R 35, 4
Wl IR 3E8E L 3278 TR A& = g A N LR ) IKT

N T ER B )RR A e e X — RO S5, BEEUK . VR MR S AL P H 2 DWA BIZ-11.4
OKIFEA A AR AN T SUE N B ANRDRAR B T Z VPSR o PR A AR B A
PORLRIRE SR AE . HE4r 9 A5 R £ BN & BT AT VPAL, PP G0 AN OB T80 1 M f g R B T2
FRAEA IR A LA, GRS AP REBEX A (KN HT H

HI PP Ak 45 R A RE T AR B At 17— & b b FH T 2R, IR LRI R VP Ak o A7 DAy DRt 7 B (1
SRARBY TR o AT i 2O L A SE BEVE R i A R PP 205K, (R TR I eI H K 22 i) IS T
B AR BEMACRF IR S A MV IR BRI B SR, B mT DUAE A H W AT 78 73 Mt 1R R SR
AT ER S, BT AE A] SRIBU & Mb R BRI 5%

T FE R B 2 90 B PP Al I T B BOARRFAE o 5575 7K A AR G (14 B XU v AT W 87t o 52wl LAR ]
FASRISCHR,  Bltnin it 5 LA 2434 (20064F) .

82 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

5.2 RHEIEE

75 7K PR FH AT R R P2 SR — S P O B, AT R A B D A R B T DU rp 1R 471040
iﬁ:

o AMVHEM;
o FEARUHKMIE st ip)
o BRITAIK CHnH 28 bel 2l EME . AT s U s B KO

PEOTREIE (1 At e I B0y AL A AR B R T 2B 55 K, Ok, AR REMAR D A )i 1)
KT SRR TR il o A2 A0 7K I KB SRR S LA A FH SR 1 55 A [ A B SR (451 K
IR R E TR E Kl B 6%, WA BEEA AT DA D MRS B AE A ) v K FRA B4 T BOR K K
JEWET) o s K AT AT AR D A AR R Js b, AR B R AR 7R FH SR R (AR [
AN B B S IR e s A VES B SR A R A P OG . Ah AR i S RE )
LRSI AR ) [ A 5 B REM B AR OG5 8 o S5 FER B2 UK PRI, Bl 2R AL E L I 7K
SR REARHIZK &

IR SRAL AT 5 FEAE VAl R 1 -

o &
o URHHIKAI Y iy TR) 422 AR 5
o KK RIEE

VAR BB 2% 18 T (7K AR RIS DR AT T4 [ A5 2 Y O R S B, e 2L
TEIX B RN I . AEVFZ T A I AR B A = ik B rp, DRI AE SERPRE B AN AT e Al iy
AR P B R K F R R PR X 23 Tk . Nl B nT LA T KR IR i T Mk 4
K1 30200 Mm3/4E (Hirh# 22500 MM vAH17K) T H7iE K 4 5 5 46200 Mm?/4E, 3 F4d
HIKEZ1h 24000Mm%4E . KIIFIHIZ CONKEARERKE) H4.9. XEWE, 87K kK rE
Bk FEEAHH T JLT5R. TR K% (2924000 Mm3/4E) #id Tiivs /K (9695 Mm3/4E)
ed2.44%, (19984 ds, KIF THEE RS IrA %=, 51T CORNEL #l MEDA, 2008)

IR AT ANV B A AT T B AR RS, i, R A 30 g o K HE U5 7K . 1] 4545
AFHIAE RN B8 3 b DR #E36 AN AT BALIIAE I, SR T AATHE I LR BT, Q3 b Jm) A 2 3
T, (RIS s K AR BR ) Ak BK (8 S K AR R K IR ARG KR EAh, BN DR 3 X AR 22 3R
KA RED HE PR K R Y Bz o S AR BE KRR T 7K 52 b O PR IR B S — Rl “Teat-Rl i, Tl
IR B, IXANEA ST R 2 o

B K 7y IR S, R T BRI VS K GRS KK BOKFIKD 75 AN & T AT
TR, 1 n] LS B R & AAH O SCHR -

DWA-Topics May 2008 83



DK PR A 0 B AR T K AEE T 20F fh

5.3 JERERIS AR X
SERERI VAR s Mt skerh, b skAAs, AL S 1L R A A5 TR

FEHIBEGR, FEFEFREANR R KB T2, ARFRAT ARV S 8. i VRS S B Sk R

PR L “wm7 o AR R IRSE, JFERM G LUK E KOG R, B RESET AR AR IR
IKSHEI R PRI AU T-45 1 IS 25 BORLRI AR e 53 IR 0000 o R M A B e R 5 IR B 48 ) T
FORYS, ARSCRA B e 21 T B2 R

84 May 2008 DWA-Topics



PUK A A B A5 i KA T 2 pRf

KA A SRR

B % 5
JKAL BBt AN B 1
R R
ARFR R FH K 1 Al 2
F gk 3
) IEIL R TR 4
BT A
U T #% 5
Ry PN EEAE N 6
AR AR N Bt R A ’
AETR T SRR A 8
B A RS b BT 9
APERORE GIUTEFRIAE) 10
EIROZN 11
FBeHk 12
SR 13
TEAT B A FRBE IR 5 T 14
BRI/ R 15
B2 O ) 16
BRAEBE I R A 17
biE: LN S Yedr (RIE A 18
[mwyE bl 19
HARAKT 20
fiid 1 1 21
T 2haE 22
JEAT O KK TUHEA T S 1 8 23
b2 4 COD/EAL T 48 i BOD % 24
BRI LR 25
) A 26
EE-£i P -
) TSR 27
BAFA PRI -
i 28
HIKAKT (b R TE 29
PES) I 30
I I
JR A 31
Jo it 75 A 32
{0150k 33
ol b i 34
AR PR R R K R SR T 35
Bty 36
R 37
T 38
HEBER R —
WA I R 39
2 40
AR FE B 41
eV (Bl phmiKO 42
28 -
YRR (SRHEERE . T BT A 43
Mol 44
85 May 2008 DWA-Topics



DK PR A 0 B AR T K AEE T 20F fh

N ERER PR 24T CRIVPAS IR E0) B AT BT, OF S0 € JLR R IR DR A E I

531 fT1-2 “f@REXAK”
IR AE B3 A N G3MIAR B R FH K AR P ) P T8 10 e DI, v 42 B B U BEA T P VP AL -

il &I

i P, B ek 2
3% WA 2, T BTN B

ik AUAE g Pk B AR A

5.3.2 1T 3-6 “GHHE — HEHLK”

LU RO AR FEGERARRT (7, R — A — Wi RN T AT 2 — TS I
FE ML IR YASAR AN 52 IR T 1 R S 0

I &

A>10006/ A, LR
MR > 1 m? A

=x
=1}

600< A <1000 €/ A\ 1Y, BAK

i 0.3< JHHi Ak < 1m A1

FiA<600 €/ A 114k, Bl

fi PRk <0.3m% A 124 5

PO BRI MBAAEAR KRR L BT LS, RO XSS AN A I o X BE— TR AR 22
HOP AL G £ A0 BERERIZE A, DU E TRV I ETE N =2 o EREKEN], ik
e X 5 [ 5 2 1) 2 B R N AN R 2 T, AR 2 T LA RK I 22 57 . X L2 & M IRHESE I 2
e

FITAE 3 P ) 5 1) (R T S A R 5 4 A5

liputsZNINERANIR

I TREBOR S P TRERAR R PTIEHASE R IR R

FEARMN B 5K rh 57 20 g BRASAE S B MEE 5 A e 7 1R 43 50
PEFEBURE CREIR, &, FEM, ARSEAREED) R ERIE SR A
SRR ERIZRE 76 vy 3 N AEAE DRI B3 R 2

AEVFINAIRR T, VAR AR . ARSUA TR LB TREAN E4MCR G CHilf, Fisl
R B . BRI ECAR BT, FHH K L m A LS A 6 4, DRl I -+ iA 7 5
RAKIN.

A FAEE B LU MR, A28 T 20 e B, A SRR (2 K IR 5 2 AN,

BEIEAS B R T BRI 2 B DL €N 2 B By, s R BT K I A0 R €/(mP/h) i R
B AT AT WA SO IR, B AAAERE N I 250 Ry 58 /K HEIBCE B e 4 A B o] BLIEAT

86 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

533 1T7-11“&HF%F — BERE”
XiF FTF ST AL BE T 2538738 AR I 0 T 8 38 5 BERE AT 0 2R 0L, T e i 2 R
o ANJIAREE N RFEK;
o  IRFWME A GEFEFEHELLAE) |
o AEPEVCRIAA, WPtiEA]. BN a AR AL AR A
o HEPLRITA

20 FE IR IR O el Bt R T (i . MR BEBE A IR 2 iig ik, HOF A RE EHGE ] T A
5K

X HELE A B T2 UK 0/ 45 3777 K VG 5 7K N B 4% T SR EAT 2K

%5 #YE

= 0.4 €/m°< A <0.8 €/m’
sk 0.06€/m°< A <0.4€m°
11i8 HiA< 0.06 €/m®

AR T SR AT BUB 7 7 KA EL K (KWh/m®) Jy BRr it e S SR KRR 1 S T KTk, ]

DA AR R o LN 2 RESR TR U1K

25 B

i 0.02 < fgdidisk <0.2 kWh/m®
2k 0.002 < figditisk <0.02 kWh/m®
[1i8 figi T k< 0.002 kWh/m®

5.3.4 1T 12 - 16 “RHHIBIT IR0 "

FECH, IS CLA ARl 16 35 ISR HEBO
TR

T e

BIFORL . s

B ORI

IBAT KA B B PR AR T I 4% SISO BEA T RE P VAl -

e 3] %5

= i I PR B VS Y 4 g

2% 5 PR B e A

1 A PR B S Y 5 A

53.5 4T17-19 “WitiiziE /e RKER”

FEVE 22 B J rp I SONUHT X B 5 R, DA SR N B PR I K1 Ry 36 6 538 11 K Ak B BRI 1R — A i

LNE . APPSR, AR BET 20 AN DA EERAE T 18 B W] R IS AT (MO0 T 4% FHE PP -

DWA-Topics

May 2008 87



DK PR A 0 B AR T K AEE T 20F fh

o HTEARTELURERAE T
o UEPIRIRIN;
o NEARN AL EET I

e P
B Bk
% o 5k
i ek

53.6 4T720-36 “&H&EFEAR”

TECWHRBAR” XL ME N, BT ZMEARMT . RS AR PR G . fERT
(R SCHREE 2 b, 3 P R PPAl v I B R

KEBEIK (7K A S AL BEASCR I 1 D IR K S BT S 15 L B R AT VAL -

WA F A ECODM L # M HBOD  CHHLIAL YD)
BIEYISS (I yEM . [ARYI . &Y

B (AR R B

WIRAE A RE SRS, i 2O

FERERET, LBRFRLIE A (%) v, AFS K A5 B IR B LU d/ T H(mg/D o 9 I A4 ) 2Bk LA
MR IL . PEARAEI A1 F .

25 A/

5] FBREST0% B 4-6 PN

&5 EBEFEANT 30-70% o% 2-3 AFEL
1% R <30% B & 2 B
RehAll LFRE <5%

A Bin, AT JEEa

FAt IS H T 7€ PR A B R AR AR DL -

o BEIITK;
o TRMUE;
o AL FRIG K ER LT

I &

b B
(BRI 02/ Sk R A i

ot

AL KK B A

" CHRRA-) [/ Sk R A B
B LI K 2 B A

CHRRA-) 03/ Sk /R A B
BT R —

88 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

RSN FCA A5 A 2 HO TR B A B2 BOR RIS )8 ME VP A -

o HIARIK

° i FH 1 5

o [ EREMS

o NFH KK BTEAT e 1Y HE
25 %5
rfrg: AR
fi& AR

AR PR T A R R A% R R VP AY -

251 £HE

I 80 < fFAbH MKV H <110 L/(PT-a)
rhats 40 < fRAEFL KIS IE R < 80 L/(PT-a)
1% AL KI5 YE & < 40 L/(PT-a)
AT —

5.3.7 4T 37 - 40 “¥EBWEHAR”
XA AL FE T 2 A LB, LA ER S 0 H KA AR R 2 S (R E R A T T

Rk UG, AR AN T 0 RE M O S i CUAR VAT E ) SR 7K m 114 [ 25k a6 2
ARAK CA FH I A5 i DS $RFR &I, DRI ied 18 HER Bl 757 R 15 6

XF T REA A SRR /N K A1 S5 R AORE (R R L2 (9 ansdi i 1 ST Epe ), X A BK AT 4
VISIEEYOAS ¥ R b K @ 3775: K (YNSRI K51 e K 2N s

%5 P

Gt TI 2052 B T 25k e DA 0 7 1,
FKIE B ETin.

it o —

AR {5 ST T AL B

5.3.8 1T 41-44 “NAREmR”

AR R AL B T 2L RS BEAT VAR, DUAIR s 20 12 T 2 A B /K 15550 A T i
RIEE S 15 AT AT B A AR

el :ged

e —

e —

K —

RiThe —

DWA-Topics May 2008 89



DK PR A 0 B AR T K AEE T 20F fh

&

AL-SABBAN, A. (2005): Vortrag in arabischer Sprache von HE Ahmed Al-Sabban, Deputy Minister for Planning and Development,
Ministry of Islamic Affairs, Kingdom of Saudi-Arabia, auf der Konferenz ,Middle East Water Reuse®, 27./28.11.2005, Abu Dhabi, VAE,
veranstaltet von der Wirtschafts-Zeitschrift MEED

ANGELAKIS, A.; THAIRS, T.; LAZAROVA, V. (2001): Water Reuse in EU Countries: Necessity of Establishing EU-Guidelines, State of
the Art Review, Report of the EUREAU Water Reuse Group EU2-01-26

ALCALDE, L.; ORON G.; MANOR, Y.; GILLERMAN, L.; SALGOT, M. (2004): Wastewater reclamation and reuse for agricultural
irrigation in arid regions: The experience of the city of Arad, Israel, Israeli-Palesinian International Conference on Water for Life,
Antalya, Turkey, Oct. 2004, <www.ipcri.org>

AQUAREC (2006): Water Reuse System Management Manual, AQUAREC (Integrated Concepts for Reuse of Upgraded Wastewater),
Editors: Davide Bixio and Thomas Wintgens, Office for Official Publications of the European Communities, Luxembourg, 2006, ISBN
9279019341, Kurzfassung auf <www.aquarec.org>

ASANO, T. (2007): Water Reuse: Issues, Technologies and Applications, McGraw-Hill, 1. Auflage, Marz 2007,
ISBN 9780071459273

ATV-M 205 (1998): Desinfektion von biologisch gereinigtem Abwasser, Ausgabe Juli 1998, Deutsche Vereinigung fiir Wasserwirtschaft,
Abwasser und Abfall e. V., Hennef

ATV-DVWK-A 131 (2000): Bemessung von einstufigen Belebungsanlagen, Ausgabe Mai 2000, Deutsche Vereinigung flr
Wasserwirtschaft, Abwasser und Abfall e. V., Hennef

BARJENBRUCH M.; AL JIROUDI D. (2005): Erfahrungen aus dem Vergleich von Kleinklaranlagen auf dem Demonstrationsfeld in Dorf
Mecklenburg, GWF Wasser Abwasser, Jg. 146, Nr. 5, 2005, S. 400407

Bfai - BUNDESAGENTUR FUR AURENWIRTSCHAFT (2007): Wassermanagement und Wassertechnik im Nahen und Mittleren Osten
und in Nordafrika, 2007, Bundesagentur fiir AuRenwirtschaft, ISBN: 3866434952

CORNEL, P. (2006): Weitergehende Behandlung von Klaranlagenablaufen (A-Kohle, Oxidations-, Desinfektionsverfahren u. a.), DWA
WasserWirtschaftsKurs M/2 vom 11.-13. Oktober 2006, ISBN 3939057584

CORNEL, P.; MEDA, A.; HUBER, H. (2007): Development of a Matrix as a Decision Support Mechanism for Comparison and
Evaluation of Technologies in Water Reuse Applications, in: Schriftenreihe Gewasserschutz-Wasser-Abwasser (GWA), Bd. 206,
Advanced Sanitation, Hrsg.: Inst. fir Siedlungswasserwirtschaft, RWTH Aachen, Marz 2007,

ISBN 9783938996126, S. 28/1-28/9

CORNEL, P.; MEDA, A. (2008): Water reuse situation in Central Europe: the current situation, in: Water Reuse:
An International Survey, Contrasts, issues and needs around the world, Editors: Blanca Jimenez und Takashi Asano,
IWA Publishing, London, geplantes Verdffentlichungsdatum: 1.2.2008, ISBN 1843390892

DIN 19650 (1999): Bewasserung — Hygienische Belange von Bewasserungswasser, Ausg.: Febr. 1999, Beuth Verlag, Berlin

DWA-LANDESVERBAND BAYERN (2005): Kanal- und Klaranlagennachbarschaften, Fortbildung des Betriebspersonals 2005,
Miinchen, ISBN 3887210581

DWA-A 262 (2006): Grundsatze fiir Bemessung, Bau und Betrieb von Pflanzenklaranlagen mit bepflanzten Bodenfiltern zur Reinigung
kommunalen Abwassers, Ausgabe: Marz 2006, Deutsche Vereinigung fir Wasserwirtschaft, Abwasser und Abfall e. V., Hennef

EMWIS (2007): Final report on waste water reuse — Annex B — Case studies, Nov. 2007, Ergebnisse der Arbeitsgruppe
Abwasserwiederverwendung, Euro-Mediterranean Information System on Know-how in the Water Sector,
<www.emwis.net/topics/waterreuse>

ENGELHARDT, N. (2006): Die Membranbelebungsanlage Nordkanal, Wiener Mitteilungen, Band 195, Betriebserfahrungen moderner
Klaranlagen, ISBN 3852340861

FRECHEN, F. B. (2006): Leistung und Kosten des Membranbelebungsverfahrens, DWA WasserWirtschafts- Kurs M/2 vom 11.-13.
Oktober 2006, ISBN 3-939057584

GRUNEBAUM, T.; WEYAND, M. (1995): Reduzierung der Betriebskosten bei der Abwasserbehandlung, 47. Darmstadter Seminar —
Abwassertechnik — am 15. November 1995, Schriftenreihe WAR, Band 86, TH Darmstadt, ISBN 3923419791, S. 155-178

GUNDER, B. (2001): Das Membranbelebungsverfahren in der kommunalen Abwasserbehandlung, Kommunale Klaranlagen, 2.
Auflage, Technische Akademie Esslingen, Expert Verlag, ISBN 3816919944, S. 173-192

GUNTHERT, F. W.; REICHERTER, E. (2001): Investitionskosten der Abwasserreinigung, Oldenbourg Industrieverlag GmbH, ISBN
3486265075

GTZ — DEUTSCHE GESELLSCHAFT FUR TECHNISCHE ZUSAMMENARBEIT MBH, EMSCHER GESELLSCHAFT FUR
WASSERTECHNIK MBH (2006): Ausbildungsprogramm ONA, Algerien (PPP-Mafinahme), Schlussdokumentation, Zeitraum: 01.01.
—31.12.2006, Komponente 3 des Programms der Technischen Zusammenarbeit ,Integrierte Wasserwirtschaft Algerien*

IPCC — INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (2007): Climate Change 2007: Impacts, Adaptation and Vulnerability,

920 May 2008 DWA-Topics



BUKB BRI A7 B RS KEE T ZIME

Fourth Assessment Report, Summary for Policymakers, Working Group Il of the IPCC, Brussels, April 2007

IRC — INTERNATIONAL WATER AND SANITATION CENTRE (2004): Waste stabilization ponds for wastewater treatment,
<http://www.irc.nl/page/8237>

JIMENEZ, B.; ASANO, T. (2008): Water Reuse: An International Survey, Contrasts, issues and needs around the world, Editors: Blanca
Jimenez and Takashi Asano, IWA Publishing, London, 2007, geplantes Verdéffentlichungsdatum: 1.2.2008, ISBN 1843390892

LABER, J. (2001): Bepflanzte Bodenfilter zur weitergehenden Reinigung von Oberflachenwasser und Klaranlagenablaufen, Wiener
Mitteilungen, Band 167, ISBN 3852340586

LENZ, G. (2004): Qualifikation des Betriebspersonals auf Klaranlagen, Hrsg.: Deutsche Vereinigung fiir Wasserwirtschaft, Abwasser
und Abfall e. V., Hennef

LUTZNER, K. (2002): Ein Beitrag zur Bilanzierung von Bodenfiltern, Dresdner Berichte 21, TU Dresden, ISSN 1615083X

MED-EUWI — MEDITERRANEAN EU WATER INITIATIVE (2007): Mediterranean Wastewater Reuse Report, Joint Mediterranean
EIWI/WFD Process, Produced by the Mediterranean Wastewater Reuse Working Group, Nov. 2007, <http://www.emwis.net/topics>

MURL — MINISTERIUM FUR UMWELT, RAUMORDNUNG UND LANDWIRTSCHAFT DES LANDES NRW (1999): Handbuch —
Energie in Klaranlagen, Duisseldorf, September 1999

NOWAK, J. (2005): Abwasserbehandlung in bepflanzten Bodenfiltern — Arbeitsblatt DWA-A 262 (Bemessung, Bau und Betrieb), 2005,
DWA WasserWirtschafts-Kurs L/6 Abwasserentsorgung im landlichen Raum,
ISBN 3-939057002

ORTH, H. (2005): Landerbericht USA, in: Anforderungen an die Abwassertechnik in anderen Landern, Abschlussbericht zum
BMBF-Vorhaben 02WA0452, Exportorientierte Forschung und Entwicklung auf dem Gebiet der Wasserver- und -entsorgung, Teil II:
Abwasserbehandlung und Wasserwiederverwendung, Hrsg.: Ruhr-Universitat Bochum, Lehrstuhl fiir Siedlungswasserwirtschaft und
Umwelttechnik, Bochum, ISBN 3981025504

RUDOLPH, K.-U.; SCHAFER, D. (2001): Untersuchungen zum internationalen Stand und der Entwicklung Alternativer Wassersysteme,
Hrsg.: Bundesministerium fir Bildung und Forschung, BMBF-Forschungsvorhaben 02WA0074, Oktober 2001

RUHRVERBAND (1992): Seminar iber Schonungsteiche am 19. November 1992 beim Ruhrverband in Essen

SALA, L.; MUJERIEGO, R.; SERRA, M.; ASANO, T. (2002): Spain sets the example, Water 21, August 2002,
S. 18-20

SCHLEYPEN, P. (2005): Isar-Badegewasserqualitat, Vortrag beim Wasserwirtschaftlichen Kolloquium an der Universitat der
Bundeswehr Miinchen

SCHNEIDER, T. (2005): Landerbericht Jordanien, in: Anforderungen an die Abwassertechnik in anderen Landern, Abschlussbericht
zum BMBF-Vorhaben 02WA0452, Exportorientierte Forschung und Entwicklung auf dem Gebiet der Wasserver- und -entsorgung,
Teil Il: Abwasserbehandlung und Wasserwiederverwendung,

Hrsg.: Ruhr-Universitat Bochum, Lehrstuhl fir Siedlungswasserwirtschaft und Umwelttechnik, Bochum,
ISBN 3981025504

STATISTISCHES BUNDESAMT (2006): Wasserversorgung und Abwasserbeseitigung, Kap. 12.4 in Statistisches Jahrbuch fiir die
Bundesrepublik Deutschland 2006, Statistisches Bundesamt Deutschland, ISBN 9783824607730

STROHMEIER, A. (1998): Filtrationsanlagen, Kommunale Klaranlage, Technische Akademie Esslingen, ExpertVerlag, ISBN
3816914063, S. 246-266

UNESCO — UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION (2006): Water —
A Shared Responsibility, The United Nations World Water Development Report 2, UNESCO Publishing, Paris/ Berghahn Books, New
York, ISBN 9789231040061

UNEP — UNITED NATIONS ENVIRONMENT PROGRAMME (2007): Global Environment Outlook: Environment for Development
(GEO-4), <www.unep.org/geo/geo4/>

VON SPERLING, M.; CHERNICHARO, C.A.L. (2006): Wastewater treatment in warm climates, Water 21, April 2006

WEDI, D.; WILD, W.; RESCH, H. (2005): Betriebsergebnisse der MBR Monheim — Abwasserreinigung und Erhalt der Permeabilitaten
mittels chlorfreier chemischer Reinigung, in: Membrantechnik in der Wasseraufbereitung und Abwasserbehandlung — Perspektiven,
Neuentwicklungen und Betriebserfahrungen im In- und Ausland,

6. Aachener Tagung Siedlungswasserwirtschaft und Verfahrenstechnik, Aachen 2005, Beitrag A9, Hrsg.: T. Melin, J. Pinnekamp, M.
Dohmann, ISBN 3861307758

WHO — WORLD HEALTH ORGANIZATION (2006): Guidelines for the safe use of wastewater, excreta and greywater, World Health
Organization, Geneva, 2006, Veréffentlichung in vier Banden

WHO — WORLD HEALTH ORGANIZATION (2006a): Guidelines for the safe use of wastewater, excreta and greywater, Volume 2:
Wastewater use in agriculture, World Health Organization, Geneva, 2006, ISBN 9241546832

DWA-Topics May 2008 91



BT A B T2 PR

DK KE RIS B A

62 Lifa| 62 Lifa| zg 2k 6z Lifa| 6z L] vy T
62 Li o] 6z Riah| Lz Lifu| gz Lo | gz 2ikk| v OFFHEARE YR R W
62 L] 62 Rk e ] gz Lylusk| 6z | zv OF i) Sl .
62 ] 6z L] iz | ez k] ez L] 1y AN,
oL LWl ol s 4 Ll gz L] gz < ov HER
[\ (R s) S| ol (i) Um| /g e 4 LHnk| 6z GBS © 6€ T/t e
oL S| oL S| ez Sl gz S| 6z s ey
oL Uitk oL Uiy 2z Ll gz Uity ez vyl e R
9 (@A (N 0v-GL 5 (e ()M 0LL-0y ¥ 1z wl 2z YD 1z [(EZAYS) o [—
LAY ()1 08L-0LE)3) s (V)1 0052-0€L 1096} XHXWE) Gk 102G} XWX E) Gk o
0€ X[ o LA H O L2 bizEY| gz Sz FH D S| 6e IR o O B B Rl T
ye . ﬁ vih] ve . . Hé 1T W[ sz Gz 3 e
RIS 5 1 g RO W CR T T S o L N o P P P
0 |ropg s mumt o 3| % | memd b i i u| 2 R Iid ARG s ARG e
[ O 1>0) 4k ) O € S| L2 R ve I ES W ze R
L RN 1700 A L QT e M| Lz Y[ ve | ve | 1e =t =1 YT i
] G100 3] L g 21 M| 22 R ve | ve | o€ EL o %\HZW%
L CIRE1-0) 3] 1 Gz 3| 1z HORYE| e | ve | 6z (L AT
9 (% SE>)/dih| 9 (%06-62) M zz W[ sz (%01>) Y| sz ] ez i v vEgE
€ (%0) WAV ve d il W[ sz (%0) MY sz (%0) B[ Lz TraL mwwi%mw :
9 (%0€>) Y| 9 (%0€>) 3| 22 | ve (%0L57) M| ve (%01 7)) M| 9z 22 I
9 (% §9-68)h| 9 (%06-09) M/%th| 22 (/6w 01 > % % 0€ <)% | Gz (%58 1] sz (%56 xew) t] sz s T A
9 (Q08 %S€-0€ ‘A0D %SE-52) 9 ‘96166 Mw%.mm_m%m i/ (I/Bw 09 > ¥ % 0L <3| sz (%Gzxew) 3| gz (%09 xew) #; ¥z 4:7a08/a00
L€ A e dvrh| LE A 1e | sz Srh| €2 28 LPRRONOW TR
/T il e wl sz 5h] 6z =] sz Wl zz AR T
Iz i weh| 22 4h| gz ] gz Wl e T
12 N L2 Gih| L2 ] sz V| sz b oz AV
62 | 62 dvh| L2 CTH I TS veh] 62 | 62 Svih] 61 NI AL AR LT SIS
53 A 1e e wvrh| 62 ] Le 7 8l 2% 407 WI\EW
1€ | e dvrh| LE dvrh| g2 Jf L b 21 [H & ) b/ T A o _
62 Y| 62 Gorh| L2 | 62 ] 6z EED (€N
62 3| 62 Wl zz 4ih| 62 | 6z I AL/ g e
62 V| 62 | 2z | 62 V| 6z b D SR pnegere
62 S ﬁm 62 i AHE%:@ 1z 3 62 W 62 w] el WA s
COB T LT BT T N 0, N YOI Y G PR N E R AR
% |mmey L pgmpmnniyn | % | mme g ey w2 ¥| s ¥ se * e it
€ | ve | 22 | sz | sz W 0K ol 17
3 ke H796) Y| v€ 1 Y| sz ka3 Y| gz E D CHRMERRUE) k3=,
ye wih| e w2z W[ sz 4eh| gz Hl 6 i
S (sw/umi 1L00'0~) Y| § (cW/umd 200'0~) 3| 2z Wl 2z (WU €10°0-6000)5 1| 22 (QW/UMY £10°0-2L10°0)4h| @
ye S ] %A W[ sz 3| ez L R
ye S W 2z W[ sz W ez 9 X
e | ve | 22 Gyh[ 62 | sz S [EaR (]
FME 1d/3 08T + - .
¢ (R Ldl/3 0001-090) Stk € PBTH .Lw.w Sewomii £ e ¢ (urew)3 0001009 rb| ¥ i
9 (V7,Ww%00200 3| 9 (Y7,We00-%00) 3| 1z | sz [ | € I
8T CR il it x) ) 3| ge CRHF) Tl L)) Y| 22 CRIENAE) Y| ge G2 CREp il ) S| 2 sof FH B B [l e 7 ST
8C Wb 82 HEED W Lz Y| sz 14 SHEED B ENEE TR I
[F5Ce ARIN [ /I L ) B2 6 7L E RN W43/ X LR )
5 M

T

W
AL G TRV S E ECR Y © i

DWA-Topics

May 2008

92



BUKB BRI A7 B RS KEE T ZIME

£€'9Z (22 BN
£€'92 £F U4 NN
£€'92 [22
£€'92 2
0l oy
0l 6 .
o1 % WAEH
[ 1€
£€°92 ] 9¢ HO
€€z | (% WA FETEO Sidi| ee'92 €k GE | AT N
££'92 W[ eeoz v
£€'92 SEUEHI DI 45| €9z €€ k=)
L & WL EL) .VWMM L CEH S S MR EL) Ay OEH T B 5 5 MR EL) dsch] 2¢
¢ e O el T . R el P
F HEMmp S W vl e 4 ERYI S BRI L) B 3 CEH[EL A7 A0SR o D] I Bt WRNL1-0 W oLe on (s
€3 SRV A e e YL oL B N e oLy I T |
L W RE S e B CGERK MBS S Mo 1 CERPmFIES S o = 1 CER MBS S W%z M| oe W%“E_u
&9 T Ny e Ly )
L e R bl L CGERY LSS Wy L S5 WML B B Wy W 6T p2s 2!
0l [CEER B a4 [EEn T TGN 9 (%5€ >) W] 9 (%S€>) WiEdi| 8z
0l [CETETe UG G [ e R ) CHTY %09>) &Hd[ 9 CE TV %0€>) M| Lz
0l (L ol X s < [ e e ) (%05>) &b 9 (%0€>) Y| 9z
0l CHY A sl B/ 20 Ik 3 <7 (R ol B/ X g B P09 (%08-0L) [ 9 (%08-02) [ gz
oL CE e ol B W 20 B < 03| €€792 (R o1 B X i B0 9 (Q08%S8-G2 ‘A0D %08-G9) “/ith| 9 (Q08%S8-5L ‘A0D %08-G9) &/ th| T
£€'92 W ee9z M| eeoz | eeoz Wl ez L 38 G il 22 L) OOV AT
£€°92 = eeoz ] eeoz = eeoz =l ze WY T
££'9Z [ eeoz =] ecoz ] ecoz =l e [
££'9Z W[ g9z W[ ecoz V| ec9z V| oz AV
££'9Z 3| eeoz Y[ ecoz Y| ecoz 3] 6L LIS 1 T —
£€'9z 3| eeoz Y| ecoz Y| eeoz 3] 8L 13 T\Em
£€'92 3| ee 9z 3| ee9z 3| ee'9z W 21 HOE R dgm]
£€°9Z b ] eeoe i H eeoz i ] egoz I
£€'92 )| €€92 )| €e9z )| e€'92 CERRMLES) & G1 TR, /15 [
92 ¥ oz Y| oz ¥ ee9z CERFRLRED S| vl LRIV sy
£e90z 3| eeoz 3| ecoe XD # eeoe w €l WEHRE| 1yom
} T e [EL e I — D T s
€89 | wouymuntowarm | f€% | L mume ey ey | S69% | REEVARATIREMNITD 1) 6092 | b roy e irmodaneig) b S A
£€'92 M| e€9z | eeoz | ee'9z WL NG
£€'92 sk ¥e21 0 | €€'92 k%90 A ee92 U310 Y| ee92 G290 W o 5
£€'9Z W eeoz V| ecoz S| egoz G N T
[ W ee W[ e W[ ee ERE 2
£€'92 W ve ) [ W v W L Y E3 287
£€'92 W eg9z 3 4 W oz W9 WU H I EE E i)
£€'92 M| e€9z W e W oz W S B TMIY T
£€°92 &b eeoz (1d/3 0004-008) 3| ee'9z (1d/3 0001-00¢) 3| ££°92 (1d/30001-008) M| + HIbMgE T
9 H 9 Vrpwosoe) ™| 9 woezDE| 9 Y,WG0520 = ¢ KL
£€'92 Clal i 5 G145 ch]| €€'92 (LR d5di| €e92 B ) d5di| €92 [T I wof B GV B [ i 3 ST
£€°9C W[ eeoz V| ecoz | eeoz W e I
BTN 54 — CEIREE ] P £

[LSENEE 20D TR 2 TS

93

May 2008

DWA-Topics



BT A B T2 PR

DK KE RIS B A

[ Tl og 62 A T oe O vy W
[ k| oe 62 Tyl 62 T o€ Lpfusk] ey YT ) NCH Y T
0€ S| oe k| ez 20 | oe Lyl zy DI
0€ Lyin] oe L] 62 A 6z S o€ 204 s
[ Ll ol Lul o) E Il cul o (Gt U)X or
oL (prepys) ©u o) iy 2wl ol (LR ) 0wl o) (IR R O3] o) Gty k| e€ e
oL (R L)IVEY Y] oL G EY Y| o) GGV R oL [EREEAEE I (I ) k| 8¢ o
oL GETER 2V T ] o GG VTR 01 G ) UE] o (BETREE v oL (R T ek | 2e
%h&%% AREAGIN 397 HH 3 LRGN 7 (S
9 CHOPATY Tl rds] 9 [94C YN 08-68 38 sk '3 9 [ "Y1 06-68 % Mk Ny o [GY)06-6€ % 9 Y GE-0L ME Mok | o sl
Sl (V) /10061-09€) itk (V) 11000€-0041) sl () /1000€-0011) Bk (V) /1022-04) )
[Ez AN RIS ER S
(s e 86 SR T (4300 i L .
O | wmmnacpazmmran| 08 | | O | g e i I e
0€ . S| 0€ . Wwih| Ve | 92 Wwih|  0€ dwih| vE Hl [
T Tt ET
0 lgrwaws i u] © | waswny s wie u| G| oe G 8 | L gpewarmonmaca] Hrrs
| 2T ETI Ol e ON] 1 >N 1 Gl z>-0y[ 1 g g0y ze
| [N R -0 1 iy 10| ) Ol - eé [ O -0 1e T ypseane] (&
P AR ES0) Tk ]+ (AT ARE D AT D (AT D (A5 1S ON)| 0F | R eE
p (D D (AT D ((EATEON] D (AT D (AR -0 62 T Ee el
O T %96-08) R Y 7 %06 XTI %06 %6E%) YA
62 Wby N %G6-0€) M| 9 | (MANRIFN %Ge>) W] € ¥ woom| € smsananey woe| @ %GE>) /| 82 i
¥Z (%L1-0) 3] 9 % %09>) S e (%082 ] € (%0 Y| 9 (7 %09>)4 [ 22 T WH% 3
62 (a2 I} %86-01) B/ | 9 (%58-08) /&b 9 (%08<) =[] ¢ (%0267 3 9 (%05>) #thi| 92 W ¥,
9 (%€628) | 9 (%£6-28) ®| 9 (%€628) ] 9 (%628 W] 9 (%08-69) /b gz ST A
9 @08l 5 l(aos %ee-08'a00 %os-00> | o @ogl 4 @os[ oo (%0658 T08) Mi&ih| vz +$3:7008/d00
%06-08'A00 %G8-62) ! ’ i - %£6-68'A0D %06-08) %£6-68'000 %06-08) ! ’ - -
[ 35| oe L] oe EIE = oe i ez 1 B0 B 78 LY RREL O
1T w2z [l X Ell = 2z W[ zz TR L
12 Lduf 22 I Ml sz Ml sz W 1z FH{
L2 3 oe & ze il sz il sz | oz Ay R
0g 3| o S| e El S oe ERY [ —
0€ AT UD Y oe Hdi e e ddi] oe ErdED 11 ¥ i 347 o
[ 3| oe Hdi| e wl e | oe i 21 [ 2 =y ) I
0¢ = og = ez 3| ee 3| o 3| o1 %mﬁ@ EEa
0€ | oe W[ 62 CEHY g T Mis L 62 OERVFE ) Mz og D R, /AL o
9z ¥ oz ¥[ 6z O TERI) M di] 62 OCIY TR Wi di]  og D FWMPEEL] o ry
0€ T oe _ _Eidl e | 62 | oe T €l WA o
oz | ot maHiD W 08 | v e i x| 08 ¥| oe I P W
S W 8 (11dBR G162 G| 8 (1 1dBR S 162 | ze M1 UK
S W 8 Gl 1dB Sz S| 8 ClyLdp ST G| o i ¥=130 W] ok CRIYIID M
¥Z (:h'LdP 0gL-09) W[ G W 8 (#'1dP 020 G| 8 (&'1d/302-01) Hdi| o¢ W 6 BWGAET| 5T
S (;W/UMI 680'0~)sih| g (W/umi 061'0~)H] ¢ [ RE RS W 8
S M 8 (1 1dPO0LVS) & 8 (17 LdR0VS) & og W2 G
[ Wz Wz Moz = oe w9 WO &um i+,
[ Wl z Wz (1d/3 08-0p) Hh| 2 (1d/3 08-0v) Hith| o€ RN [EER AT i
¥ (1d/3 000z-000 ][ 2 (Ld/3 009-002) &Hdi| 2 (Ld/3 006-002) | 2 (1d/3008-001) & ] 9z ETEL AImbERE T
9 (V,wge) M g Vr,weozi0 3| o (Y1,wsz0zb 0| 9 (V7,wsz0zl 03| o (V7,Ww10-e00)| ¢ LT
82 CIRHEY ) &dh| 82 RS &dif gz Clpfit ) S| gz CL/ Wi e x)) Y| ee CIE Ui ) Y 2 o L G [l 7o 7 VT
82 A 8z Y| 8z CHEHIE) M ge Y| 8z MWL WY e R
T T HEWRT SR i MARLNE YV UYHE £ty 1)

EXNEHGAE URGT 2 TR (MRS EYRL) asvn

DWA-Topics

May 2008

94



BUKB BRI A7 B RS KEE T ZIME

0g BRI R oe R L2 R Lz R L2 R vy
0€ R oe Rl oe Ll /2 [ i Dul ey OF TR WIRED B Sim
0€ | oe | oe L] sz L sz Ll sz L] zvy W) B A ™
0¢ S oe R oe R Lz R Lz R 2z I VRN
[ EE D EED EEi I EE EF I EE I X
[\ < oL <H 01 < o <E oL e T 6e T/ e bt WrpR
[ EF D EEED EE I Il EF D EE IS R
0l EF D ERi D Sl ol Er B D EE i
e RRa M Gl ON
0€ 8 T A G 2 ) | € Ye-LL NE AL ELHE) o€ | oe | oe | oe W oe HRY
SIS B 3 (Y ) 004 1-059)3)
& (i) p " e N "
08 |mwangeymmo sl | maaneeymao w| 0 og w7 E| oe waLE| oe WAL GE | BT o R R
0€ | ve W € T WO B I W ve TR [t
0€ EiZ B3| oe b7 B3] og bz B3 oe b7 B3] oe EiZ B3] oe B B3| ee Ni{ /3 )
[ Gl eo W 1L Gl e Wl L GRS W) e &b ) Gl e ] 1 NG D ET
3 QBREMN9<) 1| L [€:72: ACAZESNE] I QBYE R0 G| L QB0 k| 1 QEFMLE0) drh| L QI E0) Gtk 1E [VEER |
) B
7 TRRL e W] 1 TENL9<5e) 0] 1 TR I 1 R TERLED G| v ERRLED S| 0t T IR
l OG¥Ex9s2) Bl 1 CEN9<6D) | L [@:72 AT 2ol DR/ T ] B QG E-L) Goh] L G e L) duh] 1 G e G| 62 Lride =
bl bW 050 Mg /B TN % sh/Bw M 4p/Bw WD)
og WD HH| 0 [ o oemsiangsy | € =] €0> 5% %0LLZ) [ 11 €0>5% %0L67) B[ 11 €0>5% %0LL7) | 8z i) YOO
AR RS © MY %08) Gyl C CHETE %08) il COUETE %0E) il Sl ¥R
oc | CormTERD Ahev| I WBwgy) wrivh| € (%0) M| 1L wbwgs) | 11 wbwg>) wl 11 bug>) | sz | EAGERE
. /Bwiz-1°0 na
oe | CEEmIEAD Yhey|TLYL WPwz L 0%l o %OLEH | 1L wbws>) Gk 14 wbwss) Gk 11 wbws>) 1| oz W)
Syl y (/6w (/6w (/6w .
% levar (w00vieEh ) 0 i 5<%05<) Wi b S<w%059) | §<W%05<) Wrieh| % A
[ MEXD /60€>000% %96 0o S0bo POV
0e WL Hhey ereL | -sen pamsimin w| 08 i) s (1BoY>%%02<) 3| 11 (1B0Y>%%02<) M| L1 (160Y>%1%02<) 3| ¥ Y7 a08/a00
[ S 0 0g = og w[ o [ ez T 3G i 75 L) OOV R
Iz wl 2 Iz Iz w2 wl e W zz TAHRT
T G| oz Iz Iz U sz Gab| 2z 1z i
12 ElA 12 12 et w22 0z AN
0€ (i w) B oe 0€ P 12 (i BWloze sl w Wl zg [ IS L EE LT T
[ W] oe [ 3 H[ e Wl e 8l [T N
m = = — Y Aft iy
0€ Wl oe 0g 1€ G| Le Gt Le Ll FHC =) T A o [
[ ¥ oe 0 Iz [ T ol 2z ol CHBNG T8 ST
0¢ ¥l oe 0€ )4 W sz W Le Sl TR TR A 7%
0¢g 3| oe 0 12 E] I W e [ i [z cs
[ W] oe 0€ Iz W 2z B A €l ) n=mi
[ ¥ o 0 0€ ¥ oe ¥ oe z) A
143 El 143 € ] b o Ll A
ve [ z€ ve W 1 W [ 5 WD HhwlT
ve #sivl 43 Skt e o B Y 6 W] ey
ob | e soz0-gvo| € S (W/um 100°0~) 3 €€ Wl ee Wl ee W8 S ERY
[ [ e 3| e i W WL NOHKEY R
¥
ve =] ze W ove ) 9
sKyl (i o y REBE L i ) B
e g1z 50008-000%) | ZE il ve 1 L (1d/309-02) M| 11 (1di309-02) [ | o
(S El z€ W] ze ) [ T
0€ | oe A oe | oe M| oe ] oe W e AEETEH
82 Y| 8z Y| 8z CRRRIND deh| 82 CRRBIND | 82 CIRRUENE) Soh] 82 CRABND b 2 S RATET (T
82 CHEEHIED B 8g CHEEHIHE) W 8z (1) B[ 8z bl I ] 8¢ b D ENEE T ¥
OUFZLX [ANFEHZ ANGAN /AN CEEED R K (THIBEY) ot . ]

i)

/U

YEH Rl /1%

(L) SRR

95

May 2008

DWA-Topics



BT A B T2 PR

DK KE RIS B A

0€ (2
= & G
0€ X2
[ oy
0l 6€
b Lt
or oc YRR
o0l 1€
ol ¥| oe 9z | oe ¥| oe ¥| oe CHM LI | 9
Gy
= T HIfy
o w| op |MHUHIRE WME oo | oe manw| oc manw| o im| se | wlomER T R
R AL EEr D) mni
€ 7Y oe 12'02'61'8L T ve [EE RS A ve IS
CHi I ) GERol = ¢
0€ PSR ) S o€ A %«H 0€ L V) ik 0€ ChaddwMan | oe (Pl Yl oe EZ% 3| €€ N/
L Ol 1>0) Y 1 ( %E«m.t dih 9 bl 1 CGRRT0 W] 1 (A Ol e<) Wl ze R
3 QGRG0 W L QBRI Y-L) ) 1Z'og'sL'8L . % 3 QT W] L QIR E<) B CRN9<) M) 1e VEEa
TS T6 L) é\w___ W (%
7 W
) WL 9<-ge) 1 L (€2 ATNASDR ] FA AN LT g:t% L BN WL CBERMNP<D) L iR 9<-g'e) B o WG| v sar et | ey
o i §3 ey Lo e . N e 1 ot YOI H
L QB EL) S| L (€2 202 S DR W FA AN aﬁx,\mm 51y é\ﬂ_f L QERN9E) By QI e<L) &eh| L CQEREI9<6T) ) 62 b yren
ve EnZEY)| oz CID Y| Le'oz'eL'sl | LL7El &EE c\eowsv o¢ GEWHGLUIND A | ve ENZE| 9z Py REAT) k| sz o
B (RO ) &l E
o y R (%0L T NN GLANCY SEHI »
ve Y| 9z CTED W Lz'oz'eL'sL B w poummy | %€ GHWHLUF ) Ak ve 9z MR XY L2 S
(3 7Y | oz CID Y[ 12’02’6181 (%08L7) | og GEPGEENTD HRY] ve 9z | CGWEHuEND X[ oz B,
3 7Y oz CT D M| 12'oz'sL'8L (%0667) ™| og CHWF YY) XHK| ve 9 " sz P Ra/aaact
fuly 35 ay ‘0Z'61" L7 Ly \l il 3% AR N
e WXL 9T | s | FEOTEHBY (%G8h7) | o€ AT 3CHEY| oe BAY | 0g | GEWEEE) XHY| ve #Q08/a0d
0€ H] oe 1 0€ | oe W oe o Hl ez [ BHGH 25 L) T S % I:Q
Iz W oz G T W iz EN E W zz )
9 1z & b/ 9C Een i dwh| 22 4 Wi 1z
1z 1z B) 1z W Lz wih| sz dwih| sz =l oz
0€ [ O [ W] oe T W] oz @i oe E
0€ A oe B [ 3| oe H] oz %] oe D
0€ ] og B} 0g W oe =] oe W oe E T
0€ Y] o [ERREE 0 IS ¥[ og T[ oe ¥ o
0€ V[ oe B} [ | oe [ oe ¥[ oe D
o9 ¥ oz ¥ 9z ¥[ oe W oz ¥[ oe KD
0€ | oe 1 0g Y| oe 3 og | oe W €L tf%,k :
€ .zJ%ﬁ
9 ¥| oe M [ Y O YO <14 ¥l oz ¥| oz ¥l gz ¥l 2z ML
WO ) AR I
€2'2¢ | 1z2'0z'61'81 ) 11
€z'ee | 1206181 3 ol [€A0E
L (;W/390°0-70°0) M| €22Z | 1z2'0z'61'81 il (W/3Z0-60'0) Hiih| £ (W/350°0€0°0) Y| £ (w38020) W[ 6
€2'2Z | 1z'oz'6l'8L B) 8
€22 V| 1z'0z6L'8Y ) L R
vE V| €zee] W[ 12026181 b T 92 Wi ve T 9 N R
9z (YHFH%) G| egee W[ 1z0z6L8Y W ze w] oz frh| ve W[ s -
[ V| €z'ze | Lz'oz'sl'8L B4 W3z 0) | o1 (LdBLy-L) Y| ve H v R
0€ M| oe [l 0 ] oe V| o€ M| og W €
[€7] miy g » ) » ;
9z gD | % ) dih 8z | sz | s8¢ 3| sz Woe ol EH GHOW E [0 p—
82 AN I bl 82 Y| sz CHZEH ) W oz #ii] 8 WM e e
%M e Ty FI AN SRR 3 ANIFAER i

BRE¥

DWA-Topics

May 2008

96



BUKB BRI A7 B RS KEE T ZIME

B 45115 R

CIke] B RE

1 WHO, 2006a

2 Gunthert 1 Reicherter, 2001

3 ATV-DVWK, 2000

4 DWA LARF A V525, 2005

5 MURL, 1999

6 >k B Sperling FiChernicharo, 2006

7 ATV, 1998

8 Grunebaum F1 Weyand, 1995

9 Lenz, 2004

10 Alcalde %5 2004

11 Strohmeier, 1998

12 Wedi, 2005

13 Engelhardt, 2006

14 Gunder, 2001

15 Frechen, 2006

16 Schleypen, 2005

17 Cornel, 2006

18 Laber, 2001

19 Novak, 2005

20 DWA, 2006

21 Latzner, 2002

22 IRC, 2004

23 Ruhrverband, 1992

24 Barjenbruch #1 Al Jiroudi, 2005

25 AR

26 Tim Fuhrmann (4> A F ULf#)

27 Hans Huber (4~ A1 ULA#)

28 Volker Karl (4~ A [ ILf)

29 Roland Knitschky (4™ A WLfi#)

30 Alessandro Meda f1 Peter Cornel (4~ A [¥) ILfiE)

31 Hermann Orth (/™ A K] ILfi#)

32 Holger Scheer (4™ A1 L)

33 Florian Schmidtlein (4~ A ) WL#)

34 Christina Schwarz (> A f¥) WL i#)
DWA-Topics

May 2008 97



DK PR A 0 B AR T K AEE T 20F fh

Mt A BEEREX

[ ST

AT KB AT AR, PN ATT S22 M Rl B e, DT 2045 S 2 X %4815 S 50 9
EANVS AT RE S SRS AREITAC,  WTCVESEIL, DR SR R E S ST
MRS N o IXANE A JETE DX RS QIR AT 558 3o T 1 RSN RO e S 4 b RE PEA A S AT

SCRAVE, W TR AL,

R TAESCRRA A

SRR
YE5H -
FL :-3'8 Lih'a

BOD [BSB] CRIATTE=N Biochemical Oxygen Demand

CoD [CSB] s Chemical Oxygen Demand

DS [TS] LRI Dry solids

E+MCR [E+MSR] A+, #% | Electro-, Measurement-, Control- and
5 H4EH AR | Regulation technology

Niot [Nges] B total Nitrogen

Ss [AFS] BT Suspended Solids

PT [EW] M R % A | Total number of inhabitants and population
1o B equivalents
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