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The SIGN-2 Project: Assuring Good Water Quality from the Source to the Tap

A contribution by Prof. Dr. Andreas Tiehm, German Water Centre (TZW) of the German Technical and Scientific Association for Gas and
Water, Prof. Dr. Dagiang Yin, Tongji University Shanghai, and Prof. Dr. Binghui Zheng, Chinese Research Academy of Environmental Scien-

ces Beijing
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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 pre-
vention of drinking water-borne disease.

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 qual-
ity of raw water is often impaired due to significant
anthropogenic pollution. The Sino-German research
project SIGN-2 (Sino-German Network on Water Sup-
ply, second cooperation period) contributes towards
improving the water quality in the Lake Tai region
close to Shanghai, one of China’s most economically
prospering areas.

A powerful consortium of research facilities, com-
panies and stakeholders was set up to successfully
manage the challenging tasks of the SIGN-2 project.
The project partners focus on the quality of the lake,
which serves as a water resource, and on the drink-
ing water quality for the adjacent megacities. Assur-
ing the supply with good-quality water requires that
the entire water cycle is taken into consideration,
including the following:

e Competent management of water resources,

e Adapted and advanced monitoring strategies,

e Capable water treatment processes,

e Efficient distribution of drinking water.

Within the SIGN-2 project, German water technolo-

gies and management concepts get specifically devel-
oped and adapted to Chinese boundary conditions.
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Scientific progress and practical applicability are
ensured by the strong linkage between science and
practice in Germany as well as in China.

Water quality and processes in Lake Tai

Due to the very low water depth of Lake Tai, mix-
ing processes between water and sediment have a
major influence on the pollutant and nutrient distri-
bution in the lake and thus on the quality of the raw
water for drinking water production. To gain a deep-
er understanding of the dynamics of pollutants and
nutrients in Lake Tai, innovative monitoring methods
and sensor technologies are developed and tested.
For the elucidation of these exchange dynamics, the
availability of inorganic and organic pollutants and
their toxicity as well as biomass turnover are consid-
ered.

Innovative techniques, such as field flow fraction-
ation (FFF), are used to determine the influences of
particle size and density on the dynamics of the sus-
pended particles in the water phase. The develop-
ment of an integrative system for lake monitoring is
planned to assess eco-chemical risks of sediment re-
suspension events with a high resolution in this large
and shallow eutrophic lake.

Biological tools are used to assess ecotoxicity as well
as mutagenic and endocrine effects. Some micro-
organisms 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. Another large and often clearly
visible problem of Lake Tai 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 for the online monitoring and specification
of algae cells is developed.

Drinking water treatment

Algal blooms are a large challenge for drinking water
treatment and still common in many shallow fresh-
water lakes in China. Thus, practicable, ecological,
and economical solutions for efficient drinking water
treatment, e.g. by ultrafiltration, are needed. Taste
and odour problems as well as micropollutants, which
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Algae bloom at Lake Tai
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are not removed by conventional water treatment
steps, are additional major challenges for drinking
water production. On top, antibiotic resistance genes
increasingly attract international attention, and the
Lake Tai region is no exception. Regarding taste and
odour (T&O), emphasis will be placed on mechanism
elucidation and prevention of the formation of previ-
ously identified T&O compounds. Furthermore, the
measurement and assessment of organic pollutants
within the various purification steps in Lake Tai wa-
terworks, including the analysis of the elimination ef-
ficiency, are part of the investigations. Elimination of
antibiotic resistance genes is tracked across the drink-
ing water process, starting with Lake Tai raw water.

Filtration with tight membranes, such as nanofiltra-
tion or reverse osmosis, is a promising solution to
retain target compounds in a low-molecular-weight
range by means of physical separation. In this pro-
ject, a membrane with separation abilities that can
retain identified low-molecular substances, such as
T&O compounds, micropollutants and antibiotic re-
sistance genes, is developed. Using the technology
of membrane surface alteration, the so-called “lay-
er-by-layer technology”, different separation layers
sum up to produce tight ultrafiltration membranes
in such a way that certain target compounds can be
retained.

Drinking water distribution

Drinking water as a product from the Lake Tai water-
works has a good and stable quality. However, water
discoloration and problems with T&0O compounds
often reoccur during transport along the drinking
water pipes. Regular flushing of distribution pipes is
a common practice in Germany. For efficient flush-
ing of large-scaled pipes (as used in China), new al-
gorithms for the extrapolation of calculated flushing
intervals from pilot zones to large network areas are
developed. For better software-based maintenance
of the network infrastructure, new features will ex-
tend 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.
SIGN-2 applies an innovative monitoring system with
newly developed hydrophone loggers in the distribu-
tion network on large to very large pipelines.
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Membrane pilot plant in China
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Source / BIS-F)E: TZW Karlsruhe, Charlotte Schéfer
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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 is developed through a special software
tool. KANEW 3S is a software tool for condition and
risk assessment as well as the simulation of asset
management strategies of pipe networks. The tool
gets extended by several new components to opti-
mise the spatial and chronological planning of reha-
bilitation activities.

Training, dissemination, and market implementation

The project’s research and development activities lead
to the adaptation of the German industrial partners’
products for the Chinese market as well as to manage-
ment concepts for a sustainable water management.
Demonstrations, training and workshops at different
institutions and companies are conducted to involve
collaboration partners in China. All results obtained
are actively shared with the scientific community as
well as with Chinese stakeholders. Based on the exist-
ing Chinese standards and guidelines as well as on the
raw water situation of Lake Tai, the most important
parameters for drinking water quality will be selected
to facilitate future monitoring and control.
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The background of the Sino-German Water Research has been shortly described in the Econet Monitor,
June 2019. Current topics are the sponge city concept (KEYS, Econet Monitor, June 2019); sludge treatment
(IntenKS, Econet Monitor, September 2019); optimization of municipal wastewater treatment plants
(MWWTP) (PIRAT-Systems) and removal of organic components in MWWTP (PEPcat). Today’s article is about
the project SIGN-2 which focuses on drinking water safety

2019568 {7 AYEconet MonitorHiH, FAIN B T EEFFEEKARAFHSIERESR.

BRNE TR PR S/KAR BN NI E TS BIE: BeEmiiE (KEYS, i¥lEconet Monitor,
201956 87)) . 5R4LER (IntenKS, ¥#IEconet Monitor, 201958E98F) . 3k S/KA AL (PIRAT-
Systems) . IXFKZEE (SIGN-2) , ElgEmHSKGET (MWWTP) RE9BE#HKS (PEPcat) . SREN
BRI TIRAKLELAISIGN_HAIE

BMBF-Project Office “Clean Water” / EEEXFPZIBHFEE (BMBF) “i&Ei&K” SIFARIRB D AE

The BMBF-Project Office “Clean Water” at Tongji University Shanghai supports the Water Research
Cooperation between BMBF and MOST and the joint water research projects since July 2012.

Contact: Ms. Nicole Umlauf n_umlauf@tongji.edu.cn
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