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INTRODUCTION 
 
Concerns over safe drinking water and deteriorating water 
environments in China have attracted widespread attention, 
especially as a growing number of water pollution cases have 
exacerbated shortages. Many areas, especially small towns, tend to 
place more emphasis on economic growth than on environmental 
protection. Some enterprises even discharge industrial sewage 
directly into public waterways, causing serious damage to local 
water environments. 
 
In general, Township and Village Enterprises (TVEs) ― 
enterprises located in the rural areas of China, including enterprises 
sponsored by townships and villages, alliance enterprises formed 
by peasants or other groups, and individual enterprises ― are 
concentrated in small towns. Because of inadequate sewage 
treatment facilities, as well as inadequate regulation and 
enforcement of water protection laws, these townships have 
become regional sources of pollution. For example, pollution from 
wastewater discharge from township industries and sewage from 
local residences has polluted surface water and groundwater 
around Beijing Municipality, even threatening the safety of 
residents’ drinking water. For this reason, measures to stop water 
pollution in small towns must be addressed by lawmakers. 
 
In recent years, groundwater resources in the Municipality of 
Beijing have shrunk sharply due to continual drawdown that is not 
recharged by precipitation, while surface water resources have 
been relentlessly polluted. As water resources continue to decline 
in quality and volume, the water crisis becomes even more serious. 
This dire situation is described in “The 12th Five-year Program for 
Environmental Protection and Ecological Construction in Beijing”:  
 

… water shortages and water pollution now coexist; years of 
drought have reduced flows from upstream; water from the 
Guanting Reservoir no longer meets the minimum standard 
for drinking water; the hardness of the groundwater in south 
Beijing and nitrate levels exceed safety standards producing 
poor quality water; groundwater levels continue to drop, 
while groundwater use exceeds the recharge rate in the plain 
areas by billions of cubic meters.  
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Population growth, and tourism development in small 
suburban Beijing towns is further threatening the fragile 
water ecology of the region. The combination of poor 
municipal wastewater treatment facilities, yearly increases 
of sewage discharge in small towns, and increasing surface 
water pollution has taken a serious toll on the capital city’s 
environmental health. This study investigates sewage 
source control, sewage treatment facilities, and pollution 
control laws and regulations, and recommends measures to 
protect the capital city’s water resources. 
 
The targets for improvement of Beijing Municipality’s 
water environment during “the 12th Five-year Period” (from 
2011 to 2015) are as follows: the quality of drinking water 
will achieve the set standard and remain stable, while the 
quality of water treatment and distribution systems in the 
city center (downtown Beijing) and new towns 
significantly improves. Indicators such as the chemical 
oxygen demand and ammonia nitrogen of the city’s surface 
water bodies shall reach the national standard, with the 
water deficit (consumption exceeding recharge) and 
pollution in the plains areas controlled. The sewage 
treatment rate in city centers, new towns and suburbs will 
be further improved, while the use of recycled water shall 
be further popularized.  
 
With urban expansion and the population increases that 
ensued, small towns throughout the Municipality of Beijing 
have experienced significantly deteriorating environments, 
primarily in the form of serious water pollution. Because 
small towns and rural areas suffer from slower economic 
growth, lower living standards, poor access to state 
infrastructure funds, and less skilled civic management, 
domestic sewage is randomly discharged without treatment. 
This damages the landscape, creates conditions for the 
breeding of disease-spreading mosquitoes and flies, and 
pollutes groundwater through infiltration, diminishing the 
quality of domestic and industrial water. 
 
While the existing sewage collection and centralized 
treatment systems in the downtown core of Beijing city are 
relatively advanced, an effective sewage treatment system 
specifically suited for small suburban towns is urgently 
needed. By conducting a thorough investigation and 
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analysis of the current state of sewage pollution in small towns in 
suburban Beijing and the standards for its treatment, this report 
will recommend solutions for the problem of water pollution in 
these areas.  
 
MAJOR SOURCES, FEATURES, AND OPTIONS FOR 
SEWAGE TREATMENT TECHNOLOGY IN SMALL 
SUBURBAN TOWNS IN BEIJING MUNICIPALITY 
 
I. Major sources 
Sewage in small towns has three major sources: 
 
1. Township domestic sewage 
Domestic sewage consists mainly of household waste from toilet, 
kitchen, and laundry facilities in private residences. It comes from 
residential buildings, public buildings, schools, hospitals, and 
restaurants. This sewage is rich in organic compounds such as 
protein, adipose, carbohydrate, urea, and pathogenic 
microorganisms. 
 
2. Industrial sewage 
Water discharged in industrial production is a result of the washing, 
cooling, and cleaning cycles of the various industrial processes. 
Industrial wastes are also poured down drains, introducing toxic 
and harmful substances to industrial wastewater. This investigation 
revealed that although sewage treatment equipment and 
supervision systems are installed in most factories, some 
enterprises, in the pursuit of profit, continue to discharge untreated 
sewage unlawfully. Such pollution is extremely harmful.1 

 
3. Tourism sewage 
Tourism has become one of the main sources of income in small 
towns in suburban Beijing and even the dominant industry in some 
areas. However, the sewage generated by the tourism sector is not 
as serious a pollution source (in terms of degree and harm) as 
industrial and domestic sewage, nor is it generated year round. 
Produced by tourists during travel seasons, such sewage is similar 
to domestic sewage and its management is relatively simple. 
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II. Features 
 
1. Fluctuations in sewage quality and amount 
The amount and quality of sewage in small towns, mainly 
consisting of domestic sewage, is related to people’s daily 
activities. Compared with cities, people in small towns 
(which are small in both area and population), have common 
patterns of work and rest. Peak water consumption is 
concentrated around the three daily meals, with almost no 
discharge at night. Daily activities such as washing and 
cooking − when water consumption peaks − bring large 
amounts of anionic detergent and nitrogen phosphorus into 
the sewage system, while the concentration of these 
pollutants during other times tends to be rather low; hence 
daily activities cause fluctuations in sewage quality and 
amount in small towns. 
 
2. Noticeable seasonal fluctuations of sewage quality and 

amount 
While a portion of the population in small towns is 
exclusively workers, some are both workers and peasants.i  
The latter population is highly mobile, and their numbers 
fluctuate during the farming season and holidays. Meanwhile, 
as tourism flourishes in many towns (such as agricultural 
tourismii in suburban Beijing), peak and off seasons also 
bring changes to the sewage quality and amount. Therefore 
population diversity in small towns also contributes to the 
noticeable seasonal fluctuation of sewage quality and amount.  
 
III. Options for major sewage treatment processing 
The choice of sewage treatment processes in small towns 
should be based on local water quality and volumes, and 
geographical and economic conditions. With correct pricing, 
water recycling will become economically attractive and 
sewage discharge rates should be set to recover the full cost 
of treatment, distribution and use. After the sewage treatment 
facilities, the target water quality and available water volume, 
are identified, the following factors should be considered: 
anti-shock loading capability and pollutant removal 
efficiency; adaptability of treatment processes to changing 
conditions; match of technology to local management skills; 
capital and operating costs (including electricity costs, 
chemical inputs); the price to water users; 
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and minimizing sludge output in order to reduce the need for 
centralized treatment. Minimizing land used for treatment facilities, 
especially agricultural lands, while taking advantage of local 
conditions (e.g. natural discarded pits and ponds) for sewage 
treatment, and distributing treated water to irrigated farmland 
nearby are all factors that need to be considered.  
 
Currently, bio-treatment technology, including the following three 
processes, is commonly used in small towns in Beijing’s suburbs:  
 
First, natural bio-treatment processes, including stabilization 
ponds, constructed wetland treatment systems, and soil capillary 
percolation and decontamination systems;  
 
Second, anaerobic treatment processes have advantages such as 
simple operating procedures, extremely low electricity and energy 
usage, scalable capacities, predictable and low capital, 
construction and operation costs, easy access to pollution sources, 
and anaerobic sludge outputs that are resistant to seasonal load 
changes as well as low in volume. Plus, they produce biogas which 
can be captured and burned for power. The disadvantages of 
anaerobic treatment systems: they eliminate pollutants at a low 
rate, the hydrolytic acidification speed of anaerobe is easily 
influenced by suspended solids in domestic sewage, and the 
expertise to design and operate these facilities in small towns is 
unavailable;  
 
Third, aerobic bio-treatment process, during which oxygen 
participates in the degradation and decomposition of organic 
pollutants, including an activated sludge process and biomembrane 
process. 
 
WATER POLLUTION AND SEWAGE TREATMENT IN 
SMALL TOWNS IN SUBURBAN BEIJING 
 
The investigators selected ten new rural model villages and 
conducted surveys in each of the five districts and counties in 
suburban Beijing (see the attached map), including Changping, 
Yanqing, Huairou, Miyun, and Pinggu. A total of 600 
questionnaires were completed in all, and in addition, a survey of 
sewage volume and treatment status was also taken in several 
villages. Based on the results of these surveys, a thorough analysis 
was made of the nature and volume of water pollution and the 
sewage treatment capacity in small towns in suburban Beijing. 
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The sewage 
treatment rate in 
small towns in 
suburban Beijing is 
between 10% and 
20% with significant 
variations occurring 
between different 
counties, and even 
different towns 
within any given 
county. 

Water Quality: A sewage survey was conducted in “new 
countryside” model villages, and the quality of water in 
rivers was evaluated using pollution indicators such as 
suspended solids (SS), biochemical oxygen demand 
(BOD5), chemical oxygen demand (CODcr), total 
phosphorus (TP), total nitrogen (TN), total coliform group, 
and ammonia nitrogen (NH3-N).2 
 
Water consumption per capita: As a result of these 
surveys, for the first time ever we were able to determine 
the per capita water consumption patterns and statistics of 
populations in small towns in northern, water-deficient 
areas of suburban Beijing. By consulting water 
professionals and considering that sewage constitutes 
almost 25% of local water consumption, we could 
determine sewage trends in these target areas. 
 
Sewage treatment: By analyzing the characteristics of 
domestic sewage in nine monitored areas, correcting for 
monthly changes, especially in SS, BOD5, CODcr, TP, TN 
and NH3-N, and by analyzing the average amount of inlet 
and outlet water, we developed a general understanding of 
the water quality and treatment conditions of domestic 
sewage in small towns in suburban Beijing. Three typical 
areas were chosen for more thorough analysis of domestic 
sewage treatment conditions. 
 
Water quality analysis: The data shows that the water 
quality in five districts of Changping, Yanqing, Huairou, 
Miyun, and Pinggu varies noticeably. The CODcr – one of 
the key monitoring indicators of water quality – spikes to 
the maximum value occasionally in the five districts and 
counties. However, the water quality in the last four 
districts and counties (i.e. excluding Changping District) is 
acceptable, with CODcr and BOD5 levels trending in the 
same direction, with a BOD5 / CODcr ratio between 0.4 and 
0.7.3 
 
Sewage treatment rates: The sewage treatment rate in 
small towns in suburban Beijing is between 10% and 20% 
with significant variations occurring between different 
counties, and even different towns within any given county. 
According to the results of our field investigation, bio-
treatment processes are the most commonly applied  
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treatment method (i.e. anaerobic biological filters, constructed 
wetlands, and soil capillary percolation and decontamination 
systems). 
 
According to our analysis, the per capita amount of domestic water 
used and the level of sewage treatment in small towns in suburban 
Beijing varies notably depending on the area. The sewage 
treatment trends did not reveal particularly optimistic results.  
 
I.  Domestic water consumption varies significantly between 
different districts.  
 
After reviewing all the survey results, the minimum daily amount 
of domestic water consumption per capita was found to be 34 litres 
(L), with a maximum consumption of 520 L. More than 40% of 
survey respondents exceeded 100 L per capita daily. According to 
our field investigation, for those who consumed over 100 L per 
capita daily, most of that water could be accounted for by tourism 
activities. Tourism has already become an important impetus to 
local economic growth. Income brought in by the tourist industry 
can account for as much as 80%-90% of household incomes, and 
households running tourist activities account for a large proportion 
of local dwellers. Sewage caused by activities related to tourism 
has already become an unavoidable issue in small towns, though 
its treatment is technically more straightforward than industrial 
sewage, and its volume is seasonal in nature.  
 
II.  Sewage treatment rates in small towns in suburban Beijing 
vary between different districts or different towns within the 
same district, and are as low as 10% and 20%.  
 
Due to the population density in suburban Beijing, the total volume 
of sewage is rather high. In addition to its permanent residents, 
suburban Beijing has also become a major getaway location for 
city dwellers from Beijing. Because of the increased population 
and their demand for a clean environment, environmental 
protection, especially of water resources, has grown in importance. 
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In most small towns, 
sewage and 
wastewater is 
directly discharged 
into local rivers, 
causing surface 
water pollution. 
Groundwater 
resources have also 
been polluted in 
areas where 
wastewater cannot 
be drained because 
the terrain is flat. 

PROBLEMS WITH SEWAGE TREATMENT IN 
SMALL TOWNS IN SUBURBAN BEIJING 
 
As a result of deficient drainage systems, scarce capital, 
obsolete sewage treatment equipment, lack of effective 
government oversight, and a poorly informed public, the 
following problems have been found with sewage treatment 
in small towns in suburban Beijing: 
 
I. Insufficient sewage treatment equipment 
 
In most small towns, sewage and wastewater is directly 
discharged into local rivers, causing surface water pollution. 
Groundwater resources have also been polluted in areas 
where wastewater cannot be drained because the terrain is 
flat. 
 
According to Chinese experts, there are three major sewage 
drainage systems in China’s small towns: rainwater and 
sewage is collected via confluence pipes and discharged 
into neighboring water bodies; rainwater and sewage is 
discharged haphazardly, in an unregulated fashion into 
rivers, ditches, and onto land; and sewage is discharged via 
drains and ditches under and alongside roads. Most human 
sewage is directly discharged with rainwater to rivers, lakes 
and land, etc. without containment, direction, or treatment. 
Due to the growth of the economy and population density, 
infrastructure construction for sewage treatment in different 
districts is markedly different.  
 
Due to poor planning and coordination, neighboring cities 
and towns, which could share sewage treatment facilities, 
are constructing standalone, underused facilities. This leads 
to a waste of resources and capital, and reduces the 
efficiency of the existing sewage treatment facilities. Most 
towns in China are surrounded by agricultural areas, which 
is convenient for the recycling of treated sewage through 
irrigation facilities. However, sewage recycling is seldom 
considered in sewage treatment facility designs in most 
small towns, which limits the feasibility of recycling 
sewage. 
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II. Unscientific design of sewage treatment loads  
 
In small towns, domestic sewage constitutes a large portion of total 
sewage. As it reflects living habits, domestic sewage volumes are 
affected by circadian and seasonal fluctuations (such as in land 
use). This presents designers with the challenge of determining 
specifications, such as hydraulic load, in order to match actual 
treatment rates with designed treatment capacities. In addition, 
treating sludge to make it harmless is very costly, but so too is the 
secondary environmental cost of disposing of it without doing so.  
 
III. Low quality of sewage treatment facility operations 
 
Due to a shortage of professional management staff, sewage 
treatment facilities in some small towns are not well operated or 
maintained. System failures cannot be solved in a timely fashion, 
sewage treatment does not achieve expected water quality levels, 
and, from time to time, treatment fails altogether. Under China’s 
administrative civil structure, the county-level government is the 
lowest-level administrative department for construction 
management, meaning that there is no construction department or 
staff in small towns. The county-level departments under whose 
jurisdiction these towns fall are usually too busy to consider these 
small town infrastructure operations. As a result, small town 
sewage treatment facilities operate below the expected levels.  
 
RECOMMENDATIONS FOR IMPROVING SEWAGE 
TREATMENT IN SMALL TOWNS IN SUBURBAN 
BEIJING 
 
I. Accelerating construction of domestic sewage treatment 
facilities in small towns 
 
To improve the sewage treatment capability of small towns, we 
recommend that government increase investments in the existing 
sewage treatment and pipe networks in major suburban towns and 
build new sewage treatment facilities. Improving sewage collection 
and treatment in newly built communities and countryside towns 
should also be a priority. Further high priorities should include: 
construction of small-sized sewage treatment facilities in areas 
without municipal sewage pipe networks; improved capabilities to 
deal with standard discharge and recycling on the spot; and 
measures to reduce the pollution in rivers and lakes. 
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… independent 
auditors and 
regulators must have 
unlimited access to 
plant operational 
performance and the 
results of their 
findings must be 
made transparent to 
the public. The 
performance of the 
regulators 
themselves must also 
be subject to public 
review and challenge 
before judicial or 
quasi-judicial bodies. 
 
 

II. Applying practical and efficient new processes 
 
Research on new technologies and policies of sewage 
treatment is also important. Policymakers must introduce 
incentives and institutional reforms that promote the 
upgrading of sewage treatment plants with state of the art 
technologies and management systems. These should set 
water recycling and zero discharge as mandatory conditions, 
including for livestock and farmland runoff. Because cost 
and effectiveness are important, bio-treatment is a good 
choice, as it boasts convenient management, low 
investment, and high treatment efficiency. Additionally, 
harmless treatment should be utilized, as domestic sewage 
constitutes the largest proportion of overall sewage in small 
towns. 
 
III. Improved regulation and oversight of sewage 
treatment facilities 
 
The standards of sewage treatment facility operations must 
be improved through better technical training of facility 
operators and management staff. Furthermore, independent 
auditors and regulators must have unlimited access to plant 
operational performance and the results of their findings 
must be made transparent to the public. The performance of 
the regulators themselves must also be subject to public 
review and challenge before judicial or quasi-judicial 
bodies.  
 
IV. Improved efficiencies in water use through 
sewage recycling, pricing and water markets and 
independent regulation 
 
In order to protect the existing ground and aquifer water in 
Beijing (and to allow for its safe recharge) and to provide 
potable water to its residents and water to commercial, 
industrial, and agricultural uses as well, reform of man-
made institutions will be necessary.  
 
Municipal water and wastewater utilities around the world 
– the majority of which are publicly financed, publicly 
owned, and publicly operated – do not serve their 
customers well. In this regard, Beijing specifically, and 
China in general, is no exception. 
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There are many reasons why municipal wastewater treatment 
utilities do not produce safe water for consumption and are among 
the worst polluters when they allow ill-treated water back into 
water systems. 
 
Being government run, they lack the resources to correct current 
failings and address future challenges. They lack the professional 
capacity to plan infrastructure improvements, and the capital to 
finance them. They also lack the skilled labour to operate 
infrastructure. Most important, they lack the political will to set 
water and wastewater rates that are high enough to pay for 
sustainable, safe systems. And when the operator and the regulator 
are one and the same – both government – no arm’s-length 
relationship exists for independent oversight. What government 
punishes itself? The inherent conflict of interest in the current 
structure prevents public regulators from vigorously enforcing 
environmental laws and regulations against public utilities.  
 
Private water and wastewater service providers are, on the other 
hand, well positioned to help municipalities, large or small, address 
the challenges they face. Many have access to large pools of 
capital. Many have been in the business for decades and have 
developed extraordinary operating expertise. Private providers also 
have strong incentives to find efficiencies and perform well if they 
are engaged through competitive contracting and governed by 
performance-based contracts.  
 
However, to ensure that private water operators provide safe water 
and protect the water environment, their operations must be 
governed by the rule of law and they must be held accountable 
through transparent and independent regulation that is itself subject 
to judicial review. The governments that issue contracts to private 
providers must have true arm’s-length relationships with those 
providers: if they do not, cronyism will result and wastewater 
treatment providers may not be held liable for the risks they create 
and their failure to deliver clean and safe water.  
 
Most important, water must be priced to reflect scarcity. All water 
used by residential, commercial, and industrial users must be 
priced at its full cost. No sectors – including agriculture – should 
be exempt from water charges. Water charges should fully recover 
the costs of providing water and wastewater services. Provincial 
water charges should fully recover the costs of managing the 
resource. They should also reflect the value and scarcity of 
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In summary the rule 
of law and economic 
incentives must be 
employed to enforce 
existing laws to 
make polluters and 
profligate users pay. 

the raw resource and the amount of water consumed. 
Pricing should include several components: prices should 
be designed to fully recover administrative costs, to reflect 
the value of the water used, and to reflect the extent to 
which the water is consumed, in addition to any charges 
imposed by municipalities or other suppliers to recover the 
costs of treating and distributing water.  
 
Water’s value depends on many factors, including where 
the water is located, how plentiful or scarce it is, and how 
much competition there is for it. Charges should vary 
across geography to reflect such factors. 
 
Water charges should be substantially higher for water that 
is consumed than for water that is returned to the source. 
(The former is in effect being purchased, while the latter is 
merely rented.)  
 
Whenever possible, consumption should be assessed for 
specific users rather than estimated for an entire sector. 
Furthermore, the customary definition of consumption 
should be broadened. The conventional definition counts 
consumptive use as the portion of a withdrawal that is lost 
or otherwise not returned to the source due to evaporation, 
incorporation into products, or other processes. The 
consumptive use of water should be redefined to include 
any use that makes water unavailable for other uses. 
Pollution, or any other use that precludes water from being 
used in other ways, should be considered a consumptive 
use. Only by charging the true cost of water will 
jurisdictions with constrained water resources be able to 
conserve water.  
 
All of these reforms will accelerate water treatment and 
recycling, recharge groundwater and control land 
subsidence, discourage industries with low profit and high 
water consumption, allocate water efficiently by all users 
(from residential to industrial to agricultural), popularize 
water-saving apparatus in existing structures and promote 
water-saving devices in newly built public and residential 
buildings.  
 
In summary, the rule of law and economic incentives must 
be employed to enforce existing laws to make polluters and  
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profligate users pay. Independent water regulators will ensure 
transparency and accountability, and will prevent monopoly abuse 
in the neutral defence of both providers and consumers. Water 
markets in which water rights can be traded will better manage 
competing water uses and reduce pressure on surface and 
groundwater supplies.  
 
V. Rationalize facilities between towns & villages when 
suitable 
 
Where economic, regional water treatment facilities to service 
nearby and complimentary populations may make the most sense. 
Operators with access to the appropriate technology, and the 
incentive and regulated obligation to meet water treatment quality 
standards, should be permitted to suggest scaling facilities to suit 
the needs of various communities and local conditions. 
 
VI. Standardize sludge use to prevent secondary pollution 
to the soil 
 
The treatment of sludge residues produced as a byproduct of 
wastewater treatment by water treatment facilities is an important 
cost issue and environmental factor to consider when choosing a 
treatment facility. Sludge treatment typically costs 15% of the 
capital expenditure and improper dumping of sludge, which can 
contain dangerous toxins and cause serious environmental 
problems. For these reasons, as well as worker safety, unregulated 
dumping must be curtailed and technologies that minimize hazards 
and sludge output should be a high priority. Low income levels and 
the shortage of land in suburban Beijing should also be factors that 
influence the choice of sludge treatment technology. Anaerobic 
digestion that uses biomass resources, such as sludge and kitchen 
wastes, to produce biogas burned to generate heat and power may 
prove economically attractive and environmentally sound. So, too, 
can the recycling of dried sludge for industrial fuel and 
construction materials.  
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ENDNOTES 
 
1 Since the quantity and content of industrial sewage vary remarkably between towns (as they all have different 
dominant industries), the waste management systems established in most factories also vary substantially. Industrial 
sewage, therefore, is not the focus of the present investigation. 

 
2  Method of water sample analysis is based on Water Quality & Wastewater Monitoring (by the former State 
Environmental Protection Administration, 2002).  

 
3 For the state standard for Grade II surface water, CODcr should be 15, while BOD5 should be ≤ 3. A BOD5 / 
CODcr ratio ＞ 0.5 is ideal, and the BOD5 / CODcr ratio between 0.4 and 0.7 is good. 

 
i  Two groups of people live in these small towns: workers who are not engaged in farm work, and peasant-labourers 
who farm in the busy season and undertake non-farm work in the slack season. 
 

ii  This is a new form of tourism that has flourished in recent years among urban residents. Tired of urban life, 
urbanites spend their weekends, or longer, living with family members or friends in the countryside, enjoying the 
life of farmers by rambling along rural paths, climbing hills, fishing in ponds, eating food prepared by farmers, 
celebrating festivals with local people and even working with farmers in the fields. In Chinese, it is referred to as 
“nongjiale” or “scene of happy rural life.” 
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APPENDIX: MAPS 
Figure 1 – Map of Beijing Municipality Watershed 

 

 
Source: Probe International (2010). Beijing water crisis: 1949-2008 Olympics 2010 update.  
<http://journal.probeinternational.org/beijing-water/sources/olympic-report/> p. 57 
 



 

 

 

16 

  
Figure 2 – Map of Beijing Area 

 
 

 
 

 
 
Source: China Highlights, <http://www.chinahighlights.com/beijing/map.htm > 

 
 
 


