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As part of an effort to reconcile urban water cycles with 
healthy ecological environments, vibrant communities, and 
sustainable economies, China’s central authorities issued the 
Water Pollution Prevention and Control Action Plan in 2015. 
The plan outlined targets to reduce the proportion of black and 
odorous water in prefecture-level cities to 10% by 2020, before 
eliminating them entirely by 2030. An initial investment of 
around RMB170 billion is planned between 2016 and 2020. 

Despite significant improvements in urban black and odorous 
river management in the past three years, after carrying out 
river environment assessments, a number of new challenges 
emerged, stemming from:

 •  Lack of systematic planning of water environment 
management

 •  Poor pollutant interception led by limited capacity 
of urban wastewater infrastructures  

 •  An over dependence on ‘single solution’ problem 
solving without integration of technical approaches

 •  No regulating mechanism for long-term river 
quality maintenance

By examining cases from both China and the rest of the world, it 
can be concluded that there is a need to promote a transition from 
focusing solely on conventional technical approaches towards 
becoming more adaptive, inclusive and innovative. To achieve 
this, five potential trends are recommended in this paper:

 •  Integrated planning for “plant-pipeline-river” systems

 •  Quality and efficiency promotion in wastewater 
treatment 

 •  Customized solutions with technology integration  

 •  Digital control of river monitoring and risk prevention

 •  Developing comprehensive regulatory systems with 
multi-stakeholder co-operation 

The term ‘black and odorous water’ refers to the phenomenon 
in which severe environmental pollution leads water bodies 
to darken and emit noxious gases. Such bodies are mostly 
located in built-up areas of cities with large pollution loads 
and insufficient sewage treatment and drainage capabilities. 
The water quality of a black and odorous river is generally 
worse than ‘Level V’ quality standards (unfit for any use) with 
chemical oxygen demand (COD) less than 2.0 mg/l. These 
conditions pose a significant threat to human health and the 
sustainable development of society as a whole. 

In 2015, the central government of China issued the Water 
Pollution Prevention and Control Action Plan (“Water Ten 
Plans”) to outline clear goals to reduce the proportion of 
black and odorous water in prefecture-level cities to 10% by 

2020, before eliminating them entirely by 2030. By the end 
of 2018, around 83% of the 2,100 black and odorous rivers 
identified in more than 220 prefecture-level cities across 
China had been treated properly, seeing water quality levels 
rise from ‘worse than level V’ quality standards to at least 
level V or above (suitable for agricultural and landscape use). 
Despite the good number of treated rivers, some practical 
problems arose during the environmental inspections of 
polluted rivers. For example, the water condition of some 
rivers labelled as ‘treated’ is still substandard, while some 
well-treated rivers are facing risks of secondary pollution.  

The uneven treatment level of polluted rivers in different 
regions has pushed the countrywide, emergency-like 
management actions into a cooling-off period to ponder 

1. EXECUTIVE SUMMARY

2. WHAT IS “BLACK AND ODOROUS 
RIVER” IN CHINA ?
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these fresh challenges and develop viable approaches 
to achieve long-lasting treatment effects. To realise this, 
intercepting both external and endogenous pollutants at 
source with a better wastewater collection and drainage 
pipeline system is suggested by experts as the top priority. 
In May 2019, China released its long-awaited three-year 
action plan (2019-2021) for improved treatment efficiency 
and effluent quality in urban wastewater treatment systems, 
outlining an ambitious target to effectively eliminate the 

discharge of untreated municipal wastewater in urban areas 
by 2021. With wastewater collection rates in China currently 
less than 60%, the 100% target further underlines the need 
for increased control of contaminants at source and effective 
urban black and odorous river management processes. 
As part of systematic planning for long-term river quality 
maintenance these steps are essential for the long-term 
health of China’s river systems.

Currently, Chinese water bodies classified as ‘black and odorous’ mainly fall into four types: 

To tackle the problems that lead to bodies of water becoming ‘black and odorous’, a “source control-water purification-
ecological restoration” approach (Fig.1) was established by the Ministry of Housing and Urban-Rural Development of China 
in August 2015, with the aim of conducting and regulating practical environmental control actions nationwide by means of:

 •  Water bodies polluted by the direct discharge of 
untreated municipal and industrial sewage

 •  Water bodies polluted by combined sewer overflows 
(CSOs) during periods of heavy rain

 •  Water bodies that are disconnected by massive 
construction of buildings in urban areas and become 
stagnant with poor fluidity

 •  Water bodies in water scarce regions (mainly in the 
northern part of China) with poor water conditions, 
low fluidity, and small water quantity to receive and 
remediate pollutants naturally

 •  Intercepting pollutants at source: Grey infrastructure 
upgrades are mostly used for at source pollution  
control (addressing events such as direct discharge 
of municipal and industrial wastewater treatment 
plants and CSOs), including wastewater treatment 
plant (WWTP) upgrades, pipeline renovation, and 
stormwater retention. For non-point source pollution 
(such as stormwater runoff, aquaculture wastewater), 
low impact development (LID) approaches are common 
methods, often including the construction of permeable 
pavements and deployment of sunken green belts to 
reduce the speed and pollution load of surface runoffs.

 •  Controlling endogenous pollution: Cleaning up the 
accumulated sediments in the river bottom and  
harvesting the dewatered sludge for resources.

 •  Improving water quality: Purifying polluted water 
by artificial aeration, flocculation or precipitation.

 •  Facilitating water flow: Low fluidity is one of the 
dominant causes of pollution in stagnant rivers. 
There are two approaches that could facilitate water 
flow. The first one is using pumps and sluices to 
switch flow direction and improve water system 
connections. The second is to deploy pump stations 
to inject clean water and dissolved oxygen into water 
bodies to enhance water mobility.

 •  Remediating eco-environment: Ecological remediation 
is based mainly on the concept of LID, such as ecological 
riverbank revetment and constructed wetland. 

3. TECHNICAL JOURNEY TOWARDS 
URBAN RIVER RESTORATION
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Figure 1: Methodology for urban black and odorous water management

1 2 3 4 5

Source: GWI; Guidelines for Urban Black and Odorous Water Management (August 2015), the Ministry of Housing and Urban-Rural 
Development of China
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CHALLENGE 1: LACK OF SYSTEMATIC 
PLANNING OF WATER ENVIRONMENT 
MANAGEMENT

The primary challenge of urban river restoration is to move 
away from the common practice of “treating symptoms 
rather than causes”. Projects that focus solely on polluted 
rivers usually start construction without a holistic, 
system wide design, which could easily lead to secondary 
impairments on both water quality and quantity in the rivers 
being treated.

CHALLENGE 2: POOR POLLUTANT 
INTERCEPTION LED BY LIMITED CAPACITY OF 
URBAN WASTEWATER INFRASTRUCTURES

Contaminant source control is essential for minimising 
the volume and concentration of polluted wastewater 
discharged into urban rivers. However, low wastewater 
collection rates, ineffective stormwater storage and 
distribution, and inadequate pipeline maintenance limit 
the treatment capacity and efficiency of urban wastewater 
infrastructures immensely.

CHALLENGE 3: AN OVER DEPENDENCE ON 
‘SINGLE SOLUTION’ PROBLEM SOLVING 
WITHOUT INTEGRATION OF TECHNICAL 
APPROACHES

Integrating different technical approaches into targeted 
solutions is key to ensuring the effectiveness of river 

restoration. Onsite environmental inspections in 2018 
revealed a number of China’s regions still deployed single 
solution or palliative measures to address river pollution, 
such as simply using artificial aeration or dosing massive 
chemical flocculation reagents, aiming for short-term 
apparent results.  Although the contamination on the water’s 
surface could be alleviated, some pollutants that are hard to 
remove without targeted technical solutions still remain in 
the water body and will probably create large-scale pollution 
again when there is a blue algal bloom.

CHALLENGE 4: NO REGULATING 
MECHANISM FOR LONG-TERM RIVER 
QUALITY MAINTENANCE

Inefficient mechanisms for regulating multi-stakeholder 
co-operation may cause pollution risks to persist in long-
term river quality maintenance, such as the presence of 
landfill leachates resulting from infrequent residential waste 
collection, the release of harmful and toxic pollutants due 
to lax industrial sewage regulation, and recurring sediment 
pollution due to a lack of dredging after rivers have been 
treated and quality standards achieved.

4. CHALLENGES AND CONCERNS

Closely associated with overall city planning, existing infrastructure layout, and local regulating systems, the effective 
management and long-term maintenance of black and odorous water still faces significant challenges. These include:
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5. DEMYSTIFYING TRENDS FOR 
FUTURE INNOVATIONS

TREND 1, INTEGRATED PLANNING FOR “PLANT-PIPELINE-RIVER” SYSTEMS

TREND 2, QUALITY AND EFFICIENCY PROMOTION IN WASTEWATER TREATMENT

By examining cases from both China and the rest of the world, experts have suggested the following technology and 
management focuses as ways to stimulate urban black and odorous management efficiency and long-term effectiveness:

A systematic approach, incorporating all the elements connected 
to the urban water cycle – including rivers, lakes, waterways, 
WWTPs, pipeline networks, and pump stations – is needed. 

A good example of a more comprehensive river management 
scheme is the Emscher River restoration in Germany. Not 

only did it improve the capacity of WWTPs, it established a 
holistic plan towards water infrastructure development and 
management, including the construction of stormwater 
treatment plants, initial flush detention facilities and 
underground pumping stations; vital steps for easing pressure 
on combined wastewater and stormwater collection systems. 

According to the latest environmental data published by 
China’s National Bureau of Statistics, the total wastewater 
discharged into the environment is around 71.6 billion m³/
yr, with treatment capacity still around 6 billion m3/yr less 
than wastewater production, leading to significant volumes 
of wastewater being discharged without treatment. Beyond 
inadequate WWTP capacity, combined sewer systems and 
aged, neglected, or broken pipes may also result in problems 
of sewer spill events in wet seasons and groundwater 
infiltration, adding to water volumes within the system 
while potentially allowing pollutants to leach out. 

The Harbour Area Treatment Scheme (HATS) developed by 
Hong Kong’s Drainage Services Department provides a good 
case study on wastewater collection and treatment efficiency 
improvement. A 23.6 km conveyance tunnel was built in the 
first stage of HATS program to transport 1.3 million m3/d of 
sewage from Kowloon and the north-eastern part of Hong 
Kong Island to Stonecutters Island for treatment. Treated 
effluent is then dispersed into the tidal stream through 24 
diffusers installed along diffuser pipelines. The program also 
features one of the world’s largest underground sewage 
pumping stations to lift sewage 38m to the surface from the 
50m diameter conveyance tunnel. 

 •  Integrated planning for “plant-pipeline-river” systems

 •  Quality and efficiency promotion in wastewater treatment 

 •  Customized solutions with technology integration  

 •  Digital control of river monitoring and risk prevention

 •  Developing comprehensive regulatory systems with multi-stakeholder co-operation 
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TREND 3, CUSTOMIZED SOLUTIONS WITH TECHNOLOGY INTEGRATION 

TREND 4, DIGITAL CONTROL OF RIVER MONITORING AND RISK PREVENTION

TREND 5, DEVELOPING COMPREHENSIVE REGULATORY SYSTEMS WITH MULTI-
STAKEHOLDER CO-OPERATION

Developing customised methodologies to tackle the root 
cause of pollution in each river is therefore essential in finding 
a permanent solution to China’s contaminated waterways. 
For example, for old city districts where upgrading pipelines 
or building proximate wastewater treatment plants is 
difficult, decentralised wastewater treatment facilities, 
with their benefits of flexible mobility, smaller construction 
footprints, and better efficiency in treating particular rivers 
in short periods, are preferable. 

For rivers where the surrounding eco-system is seriously 
damaged, Vienna in Austria can be used as a showcase 
of what is possible; the ‘Lower Danube Green Corridor’ 
integrated ecological concept having resulted in a radical 
up-turn in the water quality and environmental health in 

the Danube River. By installing vegetation, concrete river 
embankments and reconnecting 6km2 of floodplain forest 
and side branches to the river system, it improved fish 
breeding grounds and established favourable conditions for 
rare and endangered species.

For rivers located in dense urban spaces that are in faced 
with challenges of both water pollution and waterlogging, 
compact solutions that can realize flexible water injection 
and drainage through the same system are becoming 
increasingly crucial. An innovative technique based on a 
two-way water pump and sluice system is therefore created 
to enhance flood carrying capacity of the river channels 
as well as to ensure a smooth operation of inland river 
replenishment in dry season. 

Real-time monitoring, pollution source tracing, automatic 
controlling, and potential risk prevention are the four major 
functions of digital river management solutions. Through real-
time water quality monitoring systems, parameters including 
water volume, flow rate, and pH are collected and translated 
into useful data for in-depth analysis, which could help to 
trace both the point and non-point sources of pollution.

In addition to software-based data management and 
analytics systems, providers of key equipment such as pumps 

are also going digital by developing automatic control and 
data analytics capabilities. For example, Grundfos added a 
software layer to its line of digitally enabled hardware, which 
allows its integrated pump and sluice systems to study and 
analyse on the collected water data of a certain river to 
realize a remote automatic control, including switching the 
water flow directions and setting a more appropriate time to 
inject water inside the river. 

Urban black and odorous river management is a broad 
environmental project requiring multilateral participation 
from governments, third-party project developers, industries, 
local communities and residents. 

The German government has developed a variety of acts and 
regulations to stimulate co-operation from different sectors 
and maintain the environmental health of the River Rhine. 
An international flood action plan was accepted in 1998 

(International Commission for the Protection of the Rhine, 
ICPR) aimed at achieving sustainable river management 
and incorporating all user needs while meeting social, 
economic and ecological goals. Additionally, the country also 
promulgated Environmental Information and Wastewater 
Charges Acts to provide a clear public participation 
and sewage discharge system model for river pollution 
supervision and management.
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Fuzhou city, lying on the southeast coast of China’s Fujian province and home to more than 7 million people, is criss-crossed 
by over 107 inner-city rivers. For years, many of these were stagnant with poor fluidity and polluted by community discharged 
wastewater, becoming black and odorous as a result. 

With the purposes of rehabilitating the 43 black and odorous rivers with high quality and efficiency, Fuzhou government takes 
proactive actions innovated in both management model and technology advancement:

6. GRUNDFOS’ ACTIONS

MANAGEMENT INNOVATION

Fuzhou divided the whole river restoration project into seven individual PPP projects with investments ranging from RMB1.1 
billion to RMB 2.4 billion. The projects have been awarded to various leading project developers in China. A consortium of 
water companies, design institutes and construction companies set up a joint venture project company with a government 
agency to conduct surveys, design, investment, finance, and operations. 

The innovative PPP project model not only introduces social capital investment to ease local government’s fiscal constraints, 
but enables the city to leverage greatly on the third-party developers’ technology expertise and rich operational experiences.

TECHNOLOGY INNOVATION

To ensure a long-term effect of river restoration, Fuzhou city utilized a variety of innovative solutions comprising pipeline 
inspection robot, Ultraviolet radiation curing technology, automatic water pump and sluice system and water flow digital 
simulation, among which the integration of pumping system and digital automation techniques plays an essential part on 
maintaining a good water quality through diminishing pollution sourced from populated riverbanks, and making the polluted 
waters flow again. 

The following three examples showcase the active role of pump sluice gates and pump stations in managing the black and 
odorous rivers in Fuzhou. 
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6.1 INCORPORATING PUMPS WITH SLUICE GATES FOR FLOW FACILITATION

Figure 2: Chating River - pump gate

The lack of space around Fuzhou’s polluted rivers has been one 
of the biggest challenges for managing the city’s black and 
odorous waterways, as many of them are located in heavily 
built-up areas, surrounded by residential and commercial 
buildings. Under such circumstances, constructing either 
traditional pumping stations or accompanying reservoirs 
alongside is difficult to implement. 

Targeting this problem, Grundfos applied innovative pump 
gate solutions for treating the Chating River in the city’s 
centre, integrating pumps and sluice gates into a single 
system. More than a dozen integrated pump gates have been 
installed in Fuzhou, with significant results including:

 •  Efficient improvement of water fluidity：By installing 
pumps on the sluice gates, the system efficiently 
injected clean water, initiating a water flow rate of 
3.0 m3/s. In this way, the water resource could be 
more evenly distributed, maintaining continuous 
movement and turning the contaminated water into 
a clean and flowing river. 

 • Compact configuration: ：The integrated system 
was delivered as an all-in-one unit requiring no extra 
footprint aboveground, minimising the construction 
impact on the surrounding community. 
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6.2 CUSTOMISED SOLUTIONS FOR SOURCE POLLUTION CONTROL

Figure 3: Chuanzheng Culture Museum - PPS
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Intercepting pollutants at source has been the key issue for 
black and odorous water body rehabilitation. Fuzhou, with 
over 43 inner-city rivers facing an urgent water pollution 
problem led by domestic sewage discharge, plans to cut off 
direct non-point source contamination by 2019. To alleviate 
this problem effectively, while using as little land space as 
possible, the city installed Grundfos integrated prefabricated 
pumping stations (PPS) at the Chuanzheng Culture Museum 
in 2017, lifting and draining 10,000 m3/d of surrounding 
domestic wastewater, with the following benefits:

 • Shortened construction period：A prefabricated 
pumping station allowed for direct site installation, 
saving labour costs and time spent on engineering 
and assembly, and increasing overall efficiency.

 • Smaller construction footprint: The customised PPS 
solution was positioned so the pump station might 
leverage underground green belt capacity around the 
museum, reducing the space required for installation 
to around 50% that of a traditional pump station. 

 • Unattended operation and automatic control: 
Grundfos’ system is operated automatically with no 
worker on site. Remote management simplifies daily 
operation and maintenance, reducing labour costs. 

6.3 DIGITAL WATER INJECTION THROUGH INTEGRATED PUMP AND SLUICE SYSTEMS

Figure 4: Guangming Harbour River - integrated pump and sluice systems
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The second branch of Guangming Harbour River is located 
in the Gutai Central Area of Fuzhou city. Being disconnected 
by buildings, the river faces severe water pollution problems 
resulting from uneven water distribution, poor water 
condition, and low fluidity. In order to adjust the water flow 
and introduce clean water into the river, Grundfos installed 
two integrated pump and sluice systems at the river border 
with a total flow rate of 3.6 m3/s.

 • Positive water purification effect：By transporting 
clean water into the river, the integrated pump and 
sluice gates improve the systems’ circulation, resulting 
in a healthier water ecological system.

 • Digital control：To control the water level of the river 
more flexibly, Grundfos applied its innovative digital 
solutions in the integrated pump and sluice systems 
which could automatically switch the water flow 
direction based on the total injected water volume 
and operation time, allowing a much higher efficiency. 
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