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Water is essential for every kind of life,
but its quality is threatened by a variety of
contaminants. The Taihu (Tai Lake) in China represents
a drastic example of water pollution from multiple sources.

In the second phase of the project cooperation, a powerful
consortium of German and Chinese research organisations,
companies and concerned stakeholders will continue and
extend its activities on different aspects of the water cycle. Great
importance will be attached to the dynamic sediment/water

phase at Taihu, the elimination of trace substances and the

process optimisation at drinking water treatment, as well
as the rehabilitation of the drinking water distribution
network. The overall aim is to ensure good water
quality from the source to the tap.
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Foreword

China and Germany share a long history of cooperation
in the water sector, spanning more than 35 years. This
success has motivated MoST (Chinese Ministry of
Science and Technology) and BMBF (German Federal
Ministry of Education and Research) not only to fund
cutting-edge research projects, as done before, but
also to increasingly promote innovations.

In2011, the BMBF started the CLIENT research program
to strengthen the international cooperation with
regard to applied research. In 2006, environmental
protection has become an integral part of the Chinese

“Five-Year Plan” . In the same year, the Chinese
government has started its Major Research Program,
the largest national research program, and the Major
Water Program, being one of the 13 areas of research.
In 2015, MOST and BMBF signed a joint declaration
on the cooperation in the frame of the Chinese
Major Water Program. By this means, both ministries
have provided a sound basis for accelerating the
development and dissemination of innovative
environmental technologies and water management
tools. From 2015 to 2018, the BMBF has funded the
first generation of German Major Water cooperation
projects.

Due to the successful implementation of results
and economic follow-up activities, MoST and BMBF
have agreed upon five further Major Water projects,
starting from 2018. This second generation of joint
projects focuses on two regions of high political
priority: the so-called “Jing-Jin-Ji" region (Beijing,
Tianjin, Hebei Province) and the Lake Tai area west of
Shanghai. The topics are wastewater treatment (PIRAT
Systems, PEPcat), sewage sludge treatment (IntenKS),
sponge city concepts (KEYS) and drinking water supply
(SIGN2).
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The SIGN project (Sino German Water Supply
Network — Clean Water from the Source to the Tap)
started in 2015 and focuses on Lake Tai region’s main
challenges, which are pollutant input, assessment of
lake processes, drinking water treatment and water
distribution. The results of the first funding period
contributed to a better water quality by mitigating
taste and odour problems, the development of new
sensors and more efficient treatment systems and the
improved maintenance of the distribution network.

SIGN represents a successful example of multi-
disciplinary technological and scientific bilateral
cooperation. I am delighted to see the progress of the
cooperation and the many contacts established so far.
Therefore, I would like to express my sincerest wishes
for the successful strengthening of this collaboration
in the second phase of this project (SIGN2).

[liollhinn Y/ 75

Dr. Christian Alecke
German Federal Ministry of Education
and Research
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CLIENTII

The German Federal Ministry of Education and Research
(BMBF) has launched the CLIENT II funding initiative. The aim
of the funded projects is to develop solutions to urgent issues
in selected countries and for these to have a leveraging effect.
The focus is on the development of technologies, products and
services in the fields of climate, energy and the environment.
The SIGN2 project is funded by the BMBF within this initiative
(www.bmbf-client.de). As stated in the joint declaration from
May 2015, SIGN2 (www.water-sign.de) will cooperate closely
with corresponding Chinese projects within the Chinese Major
Program of Science and Technology for Water Pollution Control
and Governance.







Assuring good water quality from the source to the tap

Water is essential for all life. However, in many parts of the
world, water quality is threatened by multiple pollution
sources. Access to clean and safe drinking water is crucial
for human wellbeing and for the prevention of drinking
water-borne diseases.

In the last few decades, China has undergone rapid
industrial and economic growth. Especially in densely
populated areas; the need for clean water is constantly
increasing. At the same time, the quality of raw water is
often impaired due to significant anthropogenic pollution.
Furthermore, the available water resources in China are
naturally low (only one quarter of the global average) and
unevenly distributed, with high water scarcity in the dry,
northern parts of the country.

The Sino-German research project SIGN2 will
contribute towards improving the water quality in the
Taihu region close to Shanghai, one of China’s most
economically prospering areas. This region is one of the
focus regions of the currently running Chinese Major
Program of Science and Technology for Water Pollution
Control and Governance, demonstrating its high political
importance.

A powerful consortium of research facilities, companies
and concerned stakeholders was set up to successfully
manage the challenging tasks of the SIGN2 project. The
project partners are working on the quality of the lake,
which serves as a water resource, and on the quality of
the drinking water for the adjacent megacities. Assuring
the supply with good-quality water requires that the
entire water cycle is taken into consideration, including
the following:

& competent management of water resources,
& adapted and advanced monitoring strategies,
& capable water treatment processes,

& efficient distribution of drinking water.

Within the SIGN2 project, German water technologies
and management concepts will specifically be developed
and adapted to Chinese boundary conditions. Scientific
progress and practical applicability will be ensured by the
strong linkage between science and practice in Germany
as well as in China.

R MIRSL 27K 27 LAY T B 7K B

KZBEMZIR - A - EHFENFSIT - KREREE
MBSRENERE - RFBE LENRAKNARREE
7 HIRAKEREREREE -

EFENHTER  PEZNTAERNTIWSEFRE - &
AREAORPEMK - WEEKNBREAEFAS - SLEE
B RKHKEEBEREENAIITR - I - FETH
WAKRBRAE (NAEXFEINNDLZ—) BERHAE - T
IRAVAE TS M XER K& -

BB S FE IR SIGN ZEPRF RN TR A M XK - M
ZHXZLPELFRERME—— L8 - ANTEHAH
EKEMBEFRAENMK 2 —  JUWEEANBUARX
BN - EWSHEBRRHLELHKFER—NEANE
& - RINIERESIGNINH _HE BB MRESS -

ME&GEAEERNDTRALNKERKE - BREHXER
FERBI IR KT - AWERARIKAKOHES - £aE
NEFENKBEABNAEER - 815 :

& AUMKRERE ;

& EHFIE - SEHAKE IR ;
SBYMKAEBETLE

& S IRABKRE -

SIGNIN B ZEPS X R B RN K R S EREZMUAES
HR - DIERTEIAMRESRKY - BEPEXNGRERS
KNS Z B2 BRVEKT - IWIREHHR IR - N A SCHEIRA] -



L e
Some facts about the Taihu

The Taihu (Tai Lake)

& is located in the Yangtze Delta (Jiangsu province) close
to Shanghai,

& is the third-largest freshwater lake of China (2,200 km?,
2 m average depth),

& represents a drastic example of water pollution with

nutrients (nitrogen, phosphate), organic contaminants
and heavy metals,

& has been suffering from eutrophication and algal
blooms since the late 1980s,

& has insufficient raw water quality, which threatens the
drinking water supply.
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Main aim: Securing the
quality of the raw water
resource by considering
beneficial as well as
detrimental ecosystem
effects, especially the
dynamic pollutant
exchange between water,
sediment and algae.

Partners: KIT, PAG, JULICH, BBE, RWTH Aachen, TZW-KA,
HI, IWW, CRAES, Jiangnan University, NIGLAS

Due to the very low water depth of the Taihu, mixing
processes between water and sediment have a major
influence on the pollutant and nutrient distribution in the
lake and thus on the quality of the raw water for drinking
water production. To gain a deeper understanding of
the dynamics of pollutants and nutrients in the Taihu,
innovative monitoring methods and sensor technologies
will be developed and tested. For the elucidation of these
exchange dynamics, the availabilities of inorganic and
organic pollutants and of biomass and their toxicity will
be considered.

Innovative techniques, such as field flow fractionation
(FFF), will be used to determine the influences of particle
size and density on the dynamics of the suspended
particles in the water phase. The development of an
integrative system for lake monitoring is planned to
assess eco-chemical risks of sediment resuspension
events in this large and shallow eutrophic lake with a high
resolution.

Biological tools are used to assess ecotoxicity as well as
mutagenic and endocrine effects. Some microorganisms
can be detrimental to water quality and human health,
and therefore, powerful molecular biological methods
are used to detect bacteria with antibiotic resistance
genes as well as pathogenic viruses and bacteria. The
biodegradation of organic pollutants and nitrogen-
containing nutrients (nitrate, nitrite, ammonia) will be
investigated in laboratory degradation studies with
original material (water, sediment) from the Taihu basin.



The use of modern techniques and the measurement
of the C-/N-isotope composition of the anthropogenic
pollutants and biomass will allow evaluation of the
bioactivity within the lake.

Another large and often clearly visible problem of Taihu
is excessive algae growth, along with the production of
toxins, compromising drinking water quality. The onset
and duration of algal blooms are impacted by the nutrient
content of the water as well as by mixing processes. A
new method of a holographic system for the detection,
counting and specification of algae cells will be developed.
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Main aim: Investigation of
innovative processes for ef-
fective elimination of algae
cells, organic pollutants
and taste and odour sub-
stances

Partners: BBE, JULICH, INGE, IWW, SURF, TZW-KA,
Suzhou Water, Tongji University, Hua Yan Water

Algal blooms are a large challenge for drinking water
treatment. Thus, practicable, ecological and economical
solutions for efficient drinking water treatment by
ultrafiltration are needed. The further development of a
spectrometer for algae detection with the use of special
short-wave UV LEDs and their testing and application in
the waterworks at Taihu will be conducted.

Taste and odour problems as well as micropollutants,
which will not be removed by conventional water
treatment steps, are major challenges for drinking water
production on the basis of water from Taihu. On top,
antibiotic resistance genes are increasingly attracting
interest, and the Tai Hu region is no exception. Regarding
taste and odour (T&O), it is not fully understood which
compounds are responsible for those effects and
whether they originate from algae-related compounds,
from disinfection by-products or from undefined
sources. In this context, emphasis will be placed on
mechanism elucidation. Furthermore, the measurement
and assessment of organic pollutants within the various
purification steps in Taihu waterworks, including the
analysis of the elimination efficiency, will be part of the
investigations. Elimination of antibiotic resistance genes
will be tracked across the drinking water process, starting
with Taihu raw water.

As an alternative, filtration with tight membranes,
such as nanofiltration or reverse osmosis, is a promising
solution to retain target compounds in a low-molecular-
weight range by means of physical separation. In this
project, a membrane with separation abilities that can
retain identified low-molecular substances, such as taste
and odour compounds, micropollutants and antibiotic
resistance genes, will be developed. Using the technology

of membrane surface alteration, the so-called “layer-

by-layer technology”’, different separation layers sum
up to produce tight ultrafiltration membranes in such
a way that certain target compounds can be retained.
Laboratory experiments will be performed to investigate
the elimination efficiency by membrane filtration in detail.
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Main aim: Higher water quality and quantity in the
drinking water network by advanced flushing, valve
testing and leakage detection methods

Partners: FAST, TZW-DD, 3A, 3SC, Suzhou Water,
Tongji University, Hua Yan Water

Drinking water as a product from the waterworks in
Suzhou has a good and stable quality. However, water
discoloration and problems with T&0O compounds
reoccur during transport along the drinking water pipes.
For efficient flushing of large scaled pipes, new algorithms
for the extrapolation of calculated flushing intervals from
pilot zones to large network areas must be developed.
For better software-based maintenance of the network
infrastructure, new features will extend the parameter
spectrum for the rehabilitation modelling of networks.

Because of technical, hygienic and economic reasons,
water suppliers are urged to reduce the water losses
from their water distribution networks to a minimum.
A monitoring system, installed during the first phase of
the SIGN project, will be used to deploy and use newly
developed hydrophone loggers in the distribution
network on large to very large pipelines.

Furthermore, with the additional acquisition of network
parameters, such as the status analysis of valves through
a valve-turning machine, together with already acquired
data from network flushing and leakage incidence, a
deduction of rehabilitation strategies shall be developed
throughaspecial softwaretool. KANEW 3Sisasoftwaretool
for condition and risk assessment as well as the simulation
of asset management strategies of pipe networks. This
tool shall be extended by several new components on the
strategic and operational/tactical planning levels in the
field of water supply. Thus, the spatial and chronological
planning of rehabilitation activities will be optimised.
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Training, dissemination and

market implementation

Main aim: Implementation of the results among the
different Chinese stakeholders

Partners: TZW-KA, CRAES, Tongji University

The research and development activities will lead to the
adaptation of the products of the German industrial
partners for the Chinese market as well as to practicable
action recommendations and management concepts
for a sustainable water management. Demonstrations,
trainings and workshops at different institutions and
companies will be performed to involve collaboration
partners in China.

The focus will be on the cities of Wuxi and Suzhou.

All results obtained will be actively shared with the scientific
community as well as with concerned Chinese stakeholders.
Based on the existing Chinese standards and guidelines
as well as on the raw water situation of Taihu, the most
important parameters for drinking water quality will be
selected to facilitate future monitoring and control.
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Partners -

STEKF- SRS

TZW

Dvcw Technologiezentrum

Wasser

Coordination, Biodegradation, Water quality, Flushing
A ~ EVIEERR ~ KT ~ P
TZW: DVGW- Technologlezentrum Wasser
TZW: BERSSKITWHE KEHZ
www.tzw.de

TZW-KA: Department of Microbiology and Molecular Biology
Prof. Dr. Andreas Tiehm | == andreas.tiethm@tzw.de
Prof. Dr. GUnter Subklew | - lippe2.gs@gmail.com
Dr. Anna-Lena Schneider | == anna-lena.schneider@tzw.de

TZW-DD: Distribution Networks
Dr. Andreas Korth | = andreas.korth@tzw.de

TZW is an independent research institute working on all aspects
of the water cycle — from the source to the tap.

TZW 2—XIMUMA RN - BATKEANZ DA E-NRSLEIKEL -

bbe

moldaenke

Algae sensors, Biological water early warning systems
BEERER - EMZERHAKINEZRS

bbe Moldaenke GmbH
bbe Moldaenke/A =]

www.bbe-moldaenke.de
Christian Moldaenke | =+ CMoldaenke@bbe-moldaenke.de

BBE develops and produces measuring instruments
and software for the monitoring of water quality.
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Leak detection
St

FAS.T. GmbH
FAST Ag

www.fastgmbh.de

Edmund Riehle | = e.riehle@fastgmbh.de
Hans-Peter Karle | - karle@fastgmbh.de

FAST GmbH is an expert for leakage detection and for the developing and

manufacturing of all kinds of equipment for water supply networks.
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Tasks and contact details
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JULICH

Forschungszentrum

T&O compounds, Suspended particles in lake water
R4
FZJ: Forschungszentrum Julich GmbH
FZJ): Jilich AR P LAE
www.fz-juelich.de

Dr. Stephan Kuppers | - s.kueppers@fz-juelich.de
Dr. Volker Nischwitz | == v.nischwitz@fz-juelich.de

FZJ works on key technologies for energy and environmental research.
FZ) 3O TRERFAFEM RN REE A

“D Hyd roisotop Lake water processes, Isotope monitoring
AN - BUREN
Hydroisotop GmbH
Hydroisotop ‘AE]
www.hydroisotop.de
Dr. Florian Eichinger | -+ FE@Hydroisotop.de
Dr. Siegmund Ertl | -+ SE@Hydroisotop.de
Hydroisotop GmbH investigates isotopes in the environment and the
hydrological cycle to secure water quality within the water cycle.
Hydroisotop ASMNEHESKXHNEMFREE - URIEKBEARZHATIRIKER
= N
0-BASF > Membrane filtration
We create chemistry : g e e H%ﬂ;\[ﬁ
inge GmbH
ERAT

www.inge.basf.com
Christian Staaks | - cstaaks@inge.ag

Inge GmbH is a leading provider of ultrafiltration technology used in the
treatment of drinking water, process water, sea water and waste water.

%ngzl%#%@ﬁ%ﬁﬁiﬁﬁﬁﬁﬁ@ﬁ%ﬁw Pl ZNRTRBIREK - TZK -~ BK
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IWW

Organic and inorganic analytics, Drinking water supply
B ~ T - IRFEKERL

IWW: Rheinisch-Westfalisches Institut fir Wasserforschung gGmbH
Department Water Resources Management
IWW: 7K A E]
KFIREIEERI]
www.iww-online.de
Dr. Tim aus der Beek | - t.ausderbeek@iww-online.de

IWW is one of Europe's leading institutes for interdisciplinary and
applied research, training, and consulting for the water sector.

IWWZRHKFREBEZRIM AR - JFE NN A2 — -
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Karlsruhe Institute of Technology

Multi-sensor monitoring, Inorganic pollution, Early warning
ZEREN ~ TSR - BATE

KIT: Karlsruhe Institute of Technology

Institute of Applied Geosciences (AGW)

Working Group Environmental Mineralogy & Environmental System Analysis
(ENMINSA)

KIT: R/RErEBIB T

Rzt IRALZ B TP (AGW)

WIRH MF IR LR R 0T TIEHEIR (ENMINSA)

www.agw.kit.edu
Prof. Dr. Stefan Norra | = stefan.norra@kit.edu

KIT works on environmental process understanding, substance fluxes
and interrelationships in environmental systems.
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Y

POSTNOVA

Field-Flow Fractionation (FFF), Size distribution and chemical identity of particulate
matter in environmental samples

IR BN (FFF), MR RFRIY BRVRLE D SEZH MO

PAG: Postnova Analytics GmbH
PAG: Postnova B R A S

www.postnova.com
Dr. Florian Meier | = florian.meier@postnova.com

PAG is the leading manufacturer of analytical instrumentation based on the
principles of Field-Flow Fractionation (FFF).

PAG AEIZIAR D BEA (FFF ) DT ERRIMEHIER -

GOETHE @4
UNIVERSITAT

FRANKFURT AM MAIN

Ecotoxicology
TRFEZF

RWTH Aachen: Research Institute for Ecosystem Analysis

and Assessment at RWTH Aachen University

WHRTWKRZ: ERRHI T SHAETTFR
www.bio5.rwth-aachen.de

Prof. Dr. Henner Hollert | -~ henner.hollert@bio5.rwth-aachen.de
Dr. Andreas Schiwy | == schiwy@bio5.rwth-aachen.de

RWTH develops solutions for a sustainable environmental management and is an
expert in applied research and risk assessment in ecotoxicology and ecology.

DRTUASFRTSATAERRANR - CUNPESBRIRESFTRRHSAN

Goethe University: Faculty of Biosciences, Ecology, Evolution
and Diversity, Goethe University, Frankfurt am Main
AE=mEAE: EYRE  £TF - HESYSHETFER

www.bio.uni-frankfurt.de/40689503/institut-oed
Prof. Dr. Henner Hollert | = hollert@bio.uni-frankfurt.de



Layer-by-Layer coatings
ZRRE
Surflay Nanotec GmbH

‘SEIAY’
alinds

www.surflay.com
Dr. Lars Déhne | = L.daehne@surflay.com

Surflay GmbH is a research company with core competence in layer-by-layer
coatings and functional monodisperse nano- and microparticle preparation.
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Valve automation
%antriebeambH I8t
S 3S Antriebe GmbH (3A)
3SEanigEARAT
www.3s-antriebe.de
Axel Sacharowitz | =+ a.sacharowitz@3s-antriebe.de

3S Antriebe GmbH manufactures smart electric valve actuators to automate
networks worldwide.
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Asset management simulations and rehabilitation planning

3Sconsult FEEEENSEENY
Sire 3S Consult GmbH
Sortware 3S ZWARAT
www.3sconsult.de
Ingo Kropp | = kropp@3sconsult.de

3S Consult GmbH is a leading engineering and software company for hydraulic
simulations and asset management.
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National governmental rules
EXRBER

MoHURD: Ministry of Housing and Urban-Rural Development,

Department of Standards and Norms, Division of Research and Development
FESH 2 ZIREirEE TR A

BT SA

www.mohurd.gov.cn
Director Xin CHEN | B&# | -~ chenx718@126.com

Jiangsu Provincial Center for Protectionand Security of Urban-Rural Water Supply,
MoHURD of Jiangsu Province, Nanjing
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www.mohurd.gov.cn
Director LIN Guo-Feng | #E & E£F

ol 2  Coordination
[ "’%’“ *‘ F  Drinking water treatment, Drinking water distribution
TONGJI UNIVERSITY

A

TRA7KSAZE - TRFHKECK

Tongji University

College of Environmental Science and Engineering
EFARZE WMERIFESTEZ

http://sese.tongji.edu.cn

Prof. Dagiang YIN | P X3g ##% | = yindg@tongji.edu.cn
Prof. Bingzhi DONG | 5% & #i#% | - dbz77@tongji.edu.cn
Prof. Tao TAO | B85 %1% | = taotao@tongji.edu.cn

Coordination
Lake monitoring, Lake processes

g
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CRAES: Chinese Research Academy of Environmental Sciences
CRAES: P EHIERF TR
www.craes.cn

Prof. Binghui ZHENG | B #3% | - zhengbh@craes.org.cn
Prof. Yanwen QIN | ={EX 3% | - ginyw@craes.org.cn
Prof. Chun YE | H&##% | - yechun@craes.org.cn

RIS Drinking water treatment
Hua Yan Water TR AKAAE

Hua Yan Water Group
EPTKSER

www.wjhc.com.cn
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JIANGNAN UNIVERSITY

Water quality monitoring
K 5z

Jiangnan University
ImARZE

www.jiangnan.edu.cn
Prof. Hua ZOU | 4Bk #3% | -~ zouhua@jiangnan.edu.cn

Algae growth
WA

NIGLAS: Nanjing Institute of Geography & Limnology
Chinese Academy of Sciences
th B R f e R ith3E S BT SR P

www.niglas.cas.cn
Prof. Bogiang QIN | &858 ##% | = gqinbg@niglas.ac.cn

HMKSEABRAS]

Suzhou Water Group Co.,Ltd

Drinking water distribution
TR 7K

Suzhou Water Group Company Limited
TINKSEABRAE

WWW.SZswtz.com







Sino-German Water Quality Workshop-Lake Taihiils
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