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Rapid economic development and population growth in

China go hand-in-hand with increasing urbanisation, in-

volving growing mega-cities, industrialization, and inten-

sified agriculture. As a result, natural resources are

increasingly stressed and productive management strate-

gies towards sustainable planning are urgently needed.

Pollution containing hazardous substances for environ-

mental and human health, depletion of water resources as a

result of overexploitation, soil degradation and air pollution

in mega-cities (such as Beijing or Shanghai) are increasing

at an alarming rate. Consequently, the protection of aquatic

ecosystems and the security of drinking water provision are

becoming an increasing challenge in water management.

The Chinese government recognized the importance and

complexity of the situation and has initiated a program

entitled ‘‘Major Program of Science and Technology for

Water Pollution and Governance’’ (2006–2020) (Major

Water Program). While shortages resulting from regional

resource depletion have led to plans for large-scale water

transport from distant water-rich areas of China (Water

Diversion Project), the water quality problems in other

areas require efficient, flexible, and site-specific solutions

and overall management concepts. China is internationally

cooperating with many countries to tackle the severe

environmental problems and learning from their experi-

ences. In particular, China can benefit from the lessons

learnt in Germany concerning the rehabilitation of water

resources in areas heavily affected by chemical industry

and mining after the reunification in 1989. German–Chi-

nese cooperation in water sciences started over 25 years

ago and is dealing now with increasing challenges in the

21st century (Chen et al. 2015). Under the umbrella of

‘‘International Partnerships for Sustainable Technologies

and Services for Climate Protection and the Environment’’

(CLIENT) under the ‘‘Research for Sustainable Develop-

ment’’ framework programme the Federal Ministry of

Education and Research of Germany (BMBF) started a

series of research projects supporting the Chinese Major

Water Program in several regions, the lakes, Taihu, Chaohu

and Dianchi, as well as the Liao River Basin (Fig. 1).

The Liao River Basin is located in northeast China with

two river systems, one system is the Liao River formed by

converging Xiliao River and Dongliao River, and the other

system is the Daliao River formed by converging Hun

River and Taizi River (Fig. 1). The province of Liaoning

derived its name from the river. Shenyang is the provincial

capital of Liaoning. Liaoning was one of the first provinces

in China to industrialize and heavy industry led to severe

environmental pollution including the water environment.

Liaoning has the largest economy of Northeast China

covering a wide range of industries, such as metallurgy,

petroleum, chemical industries, pulp and paper making,

pharmaceutical industry, printing and dyeing, machinery,

electronics, metal refining, construction materials, ore and

coal mining, etc. The Liaohe-Songhuajiang River Basin

belongs to the priority areas of the Chinese Major Water

Program. The Chinese central government launched a

‘‘Revitalizing Northeast China and Other Old Industrial

Bases’’ campaign (2005, http://www.china.org.cn/e-news/
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news050302.htm), and recently a ‘‘Shenyang Economic

Zone’’ strategy (2011, http://baike.baidu.com/subview/

7141967/7293502.htm). The social-economic development

of Liao River Basin needs the supports of good water re-

source and environment. The Major Water Program took

Liao River Basin as one of the most important demon-

stration basins, and set up a full project under the river

theme in the first stage of the program (2008–2010), fo-

cusing on pollution source control technology develop-

ment; and continued such a project in the second stage

(2011–2015), focusing on pollution load reduction and

water environment restoration. Besides, under the

monitoring and early warning theme, the research on water

environment management has been continuously carried

out in Liao River Basin since the beginning of the program.

The technology development strategy of the Major Water

Program includes original innovation and integration in-

novation. The program always aims at not only the fore-

front of technology development, but also the needs of the

environment quality improvement.

The major topics of the Liaohe Thematic Issue are

dealing with waste water treatment technologies, pollution

control in the river basin, emerging pollutants, and socio-

economic studies.

The efficiency of waste water treatment technologies,

particularly membrane bioreactors (MBR), has been stud-

ied by several authors. Duan et al. (2015a) investigated the

combination of moving bed biofilm reactor and conven-

tional membrane bioreactor (MBR) and compared the

performance of bioreactors and membrane fouling using

lab reactors. In a second study, Duan et al. (2015b)

elaborated on integrated fixed-film activated sludge mem-

brane reactors and investigated the characteristics of mi-

crobial activities in different MBR systems. Tian et al.

(2015a) improved the efficiency of an existing WWTP by

using membrane bioreactors. They studied the deficiencies

of alkalinities and carbon sources hindering nitrogen re-

moval. Fenton oxidation was used for pretreatment of

waste water to improve chemical oxygen demand (COD)

removal efficiency by Wei et al. (2015). Wan et al. (2015)

and Song et al. (2015a) used membrane technologies for

copper removal from aqueous solutions and amantadine by

liquid–liquid extractions, respectively. Some technologies

allowed for recovery of chemical from wastewater (Liu

et al. 2015a). Related previous works on MBR are dealing

with emerging contaminants from landfill leachates and

their sustainable management (Ramakrishnan et al. 2015)

and the removal of di-/pentachlorophenol from aqueous

media by electrochemical process (Huang et al. 2013).

Pharmaceutical wastewater is an important threat for

contaminations. One of those emerging pollutants is ber-

berine, which is a quaternary ammonium salt from the

protoberberine group of isoquinoline alkaloids. Berberine

is chemically produced mainly in the Liaohe basin as a

Fig. 1 The Liao River Basin

with its tributaries (Source:

Liaorivermap by Kmusser—

Own work using Digital Chart

of the World and GTOPO data.

Licensed under CC BY-SA 3.0

via Wikimedia Commons—
http://commons.wikimedia.org/

wiki/File:Liaorivermap.png#/

media/File:Liaorivermap.png)
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broad-spectrum antibiotica (Tu et al. 2015). Qin et al.

(2015) investigated the degradation of antibiotic berberine

hydrochloride. They evaluated the removal efficiency of

berberine hydrochlorides and conducted cost analysis. Xiao

et al. (2015) applied photo-electrochemical processes in the

presence of chlorides for degradation of berberine. Shan

et al. (2015) investigated the adsorption kinetics and ther-

modynamics of berberine. Recent related works on phar-

maceutical waste water are dealing with risks from

sedimentary trace metals in response to industrialization

from the tributaries (Tang et al. 2015). Cui et al. (2015)

investigated pharmaceutical waste water treatment, par-

ticularly berberine removal, by Fenton oxidation at pilot

scale. Different and combined technologies such as Fenton

and ultrasonic processes have been compared by Zeng

et al. (2015). Burke et al. (2014) studied redox-dependent

removal of organic trace pollutants by using tank aeration

experiments. A bibliometric analysis on pharmaceutical

waste water treatment in the last decade has been provided

by Qian et al. (2015). Schirmer et al. (2011) investigated

aspects of emerging pollutants in Germany, Halle/Saale

and Leipzig by exploring contaminant mass balances.

Liu et al. (2015a) evaluated the properties of proteins in

waste activated sludge (WAS) and the effect of sludge

proteins on volatile fatty acids. This seems an attractive

practice for efficient waste treatment. Different aspects

sludge treatment, such as reactivation and succession of

microbial communities and fermentation, were investigated

by Peng et al. (2015a) and Liu et al. (2015a), respectively.

Nitrogen removal from waste water is an important issue

for water quality improvement in China (Gao et al. 2015a)

and other countries (Al Dwairi et al. 2014; Cicchella et al.

2014; Pascual Aguilar et al. 2014). Li et al. (2015a) de-

veloped a novel system for autotrophic sulfur denitrifica-

tion to enhance nitrogen removal from municipal waste

water. Understanding of autotrophic denitrification pro-

cesses is essential site implementations e.g., in constructed

wetlands (Huang et al. 2013; Lei et al. 2013). Tian et al.

(2015a) investigated several key factors influencing the

nitrogen removal efficiency by bio-filters and different

ambient temperatures. Recent related international works

on nitrogen removal are from Poland (Dragon 2013)

dealing with groundwater nitrate pollution in the recharge

zone of a regional Quaternary flow systems which is an

important issue in many areas of China as well (Sun et al.

2012). The correlation between nitrite accumulation and

the concentration nitritation reactors has been studied in

Korea (Im and Gil 2013, Im et al. 2014).

Several works are dealing with studies in the Liao River

Basin and the tributaries (Ma et al. 2015). Gao et al.

(2015a) investigated water quality variations at different

time and spaces in the Pu River using multivariate statis-

tical method to analyze water quality indicators measured

at different sites in the period from 2012 to 2013. Several

studies are dedicated to the study of dissolved organic

matter (DOM) in the river basin (Yu et al. 2015). Zhi et al.

(2015a, b) found that microbial communities play a key

role in wetland water purification and nitrogen cycling. In

the Jiulong River, Luo et al. (2014) studied the dynamics of

ammonia-oxidizing archaea and bacteria in relation to ni-

trification along simulated dissolved oxygen gradient in

sediment–water interface of the river estuarine wetland.

Peng et al. (2015a) stated that potential water pollution

derived from melting snow is a growing concern to wa-

tershed management in northern climates such as in

Northeast China. For most small watersheds in the Hun

River Basin, substantial portions of the annual load of

pollutants such as organic matter, ammonia, phosphorus

and metals come from snowmelt and early spring runoff. Li

et al. (2015a) studied the occurrence and distribution of

phthalic acid esters and phenols in the Hun River water-

sheds. Complementary, Guo and He (2013) investigated

spatial variations and ecological risk assessment of heavy

metals in surface sediments on the upper reaches of Hun

River. Han et al. (2015) studied DOM aspects and pollution

from waste water discharge into the urban Xihe River,

Shenyang. Quiers et al. (2014) conducted similar studies

concerning the characterization of rapid infiltration flows

and vulnerability using a decomposed fluorescence signal

of dissolved organic matter in karst aquifers. Liu et al.

(2015a) provided an overview of persistent organic pollu-

tants (POPs) and heavy metals in the Liao River Basin.

In addition to the works in engineering and natural

sciences, socio-economic studies have been completed as

well. Yang et al. (2015) developed a concept of water

environmental carrying capacity (WECC) which can be

used to describe water environmental system’s capacity

and support socio-economic development, and examine the

trade-off between the driver/pressure (socio-economic) and

the support (environmental) components of the societal-

environmental interactive system. The complexity of

solving water resources management problems requires

integrated approaches. Integrated water resources man-

agement (IWRM) is an approved concept to tackle the

management of river basins and watersheds. Hydrosystem

analysis tools including workflow concepts are important

instruments for IWRM approaches (Kalbacher et al. 2012;

Kolditz et al. 2012a) including reactive transport processes

(Xie et al. 2006). Examples for IWRM approaches have

been recently developed and applied e.g., in the IWAS—

International Water Alliance Saxony (Kalbus et al. 2012;

Seegert et al. 2014a, b) and WESS—Water Earth System

Science (Grathwohl et al. 2013) initiatives. Novel tech-

nologies for hydrosystem analysis such as workflows

(Kolditz et al. 2012b) including hierarchical monitoring

concepts (Sauer and Dietrich 2014) and visualization (Rink
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et al. 2012; Bilke et al. 2014) are emerging topics in order

to cope with the Big Data paradigm in Environmental

Earth Sciences.

The Liaohe Thematic Issue is an achievement of the

collaboration of the Chinese and German researchers,

which opens a window to the world from the huge building

of the Major Water Program of China, and it also sym-

bolizes a good start of the Sino-German cooperation for the

joint research and communication on water resource and

environment.
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