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Eutrophication in China – 
déjà vu for Europe
Rapid economic and population growth in the Beijing-Tianjin region is leading  

to heavy eutrophication of the Haihe river system. Nutrient inputs derive mainly 

from wastewater. Although treatment plants have been constructed in some  

areas, these often operate beyond their projected capacity or with poor nutrient 

 removal efficiency.

Northeastern China is one of the country’s most rapidly develop-

ing areas. The region incorporating the megacities of Beijing and 

Tianjin has the highest rates of economic and population growth 

nationwide. However, this semi-arid region is increasingly suf-

fering from droughts and water scarcity. Since the 1970s, rain-

fall has decreased markedly. In 2007, water availability in Beijing 

dropped to 230 cubic meters per inhabitant per year – less than 

eight per cent of the amount potentially available in Switzerland.

Despite the dry climate, a remarkable 30 per cent of China’s 

wheat and 20 per cent of its maize is produced in the agricultural 

area between Beijing and Tianjin. This is only possible thanks 

to intensive irrigation with water from the Haihe river system, 

which extends from the Shahe Reservoir upstream of Beijing 

to Bohai Bay near Tianjin (Fig. 1). As a result of the decline in 

rainfall and the increasing use of water to satisfy the demands 

of agriculture, industry, a growing population and an increas-

Algal bloom in the highly eutrophic Shahe Reservoir upstream of Beijing.
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ing per-capita consumption, many rivers in Northern China 

have now run dry.

Wastewater: the main cause of eutrophication

In addition, over the past 40 years, concentrations of nutrients 

(nitrogen and phosphorus) in the Haihe river system have risen 

dramatically. The eutrophication of these surface waters is 

 attributable partly to overuse of chemical fertilizers, but mainly 

to the fact that a large proportion of wastewater from the cities 

was discharged untreated. As a result, the waters are now se-

verely degraded; oxygen depletion and algal blooms are wide-

spread. Pollution also enters the soil, groundwater and the sea, 

with grave consequences: altered nutrient ratios lead to shifts 

in the composition of marine algal communities. So-called red 

tides – where algal blooms are produced by species that re-

lease toxic substances – are becoming increasingly serious. 

Parts of China’s coastal waters are among the world’s largest 

“dead zones” – oyxgen-depleted areas where almost no marine 

life can survive.

To some extent, Europe experienced a comparable deterioration 

of the aquatic environment during the boom years which began 

in the 1950s. In Switzerland – thanks not least to the findings 

of research on mitigation strategies – this problem had been 

significantly alleviated by the 1990s, with the adoption of meas-

ures such as the construction of wastewater treatment plants 

(WWTPs) and a ban on phosphates in detergents [1]. Today, 

similarly intense remediation efforts are urgently required in 

 China and in other emerging economies around the world.

In Northern China, the importance of the water pollution issue 

has been recognized, and it now ranks high on the political 

agenda. Funds for mitigation are more readily available than 

in other nations, and this should facilitate the implementation 

of effective measures, as well as collaboration with Western 

experts and knowledge transfer.

High consumption in spite of water scarcity

Before the 2008 Olympic Games, nine new WWTPs came into 

operation in Beijing, with the goal being to treat 90 per cent of 

the wastewater discharged from the city into the Haihe river 

system. To date, however, the effectiveness of these measures 

has not been evaluated. In a project conducted jointly with the 

Research Center for Eco-Environmental Sciences (part of the 

Chinese Academy of Sciences) in Beijing, we therefore sought 

to establish – for the first time – an overall budget of nutrient 

fluxes for the Haihe river system [2]. To this end, we assessed 

the spatial and temporal patterns of nitrogen and phosphorus 

loads in the catchment, from the Shahe Reservoir upstream 

of Beijing to Bohai Bay near Tianjin. The aim of the study was 

to provide a sound scientific basis which would enable the 

authorities to develop appropriate strategies for the mitigation 

of eutrophication in the Beijing-Tianjin region. A complementary 

study, also involving Eawag scientists, investigated the contam-

ination of surface waters with organic micropollutants (see the 

article on page 6) [3].

To gain an initial overview of the occurrence and abundance of 

nutrients, we analysed water samples collected at 16 selected 

sites along a 240-km river section in the dry (April) and wet sea-

son (July) of 2009. On the basis of this preliminary assessment, 

five key sites were selected for further monitoring, with sam-

ples being collected monthly for a year (Fig. 1). At these sites, 

weekly and diurnal variations were also examined. In addition, 
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Fig. 1: The Haihe river system in Northeastern China 

 receives pollution from the rapidly growing cities and 

from intensive agricultural land use. Sampling sites  

are indicated by numbered points; more detailed moni-

toring was carried out at the sites marked with circles.
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the four tributaries (Qing, Beixiao, Tonghui and Liangshui) drain-

ing wastewater from Beijing were investigated, and effluents 

from the city’s five largest WWTPs were sampled in order to 

assess per-capita nutrient loads.

It initially proved difficult to determine water discharge at the 

various study sites, as the data collected by the local authorities 

was not publicly accessible. This problem was only resolved 

thanks to our local partners’ persistent efforts and negotiations. 

The outflow from the Shahe Reservoir – a lake with an area of 

1.8 square kilometres situated in a public recreation park – was 

reported to be a mere trickle of less than 1 cubic metre per sec-

ond. Downstream of Beijing, the Qing, Beixiao, Tonghui and 

Liangshui tributaries account for 90 per cent of total discharge. 

Beijing releases an annual average of 29.5 cubic metres per sec-

ond of raw and treated wastewater into the Haihe river system 

(Fig. 2a). This wastewater derives from around 14 million inhabit-

ants, or 70 per cent of Beijing’s current population. Daily average 

water consumption amounts to 200 litres per inhabitant, which 

means that the region – despite water scarcity – has higher per-

capita water consumption than Switzerland (170 litres per day).

Extremely high nutrient levels

Beijing and its suburbs discharge an average of 54.5 tonnes of 

nitrogen and 4.5 tonnes of phosphorus per day into the Haihe 

river system (Fig. 2b and c). Wastewater effluents are the major 

source of both nutrients (over 90 per cent), with the Tonghui 

river contributing more than half of the total load.

Concentrations of up to 33 milligrams of nitrogen (in the form 

of ammonium) and 3.2 milligrams of dissolved inorganic phos-

phorus per litre were observed in the Shahe Reservoir – more 
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Fig. 2: Water discharge and nutrient loads in the Haihe river system.

Fig. 3: Nutrient concentrations show a decreasing trend downstream.
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than ten and six times higher than the maximum levels seen 

in Switzerland during the 1970s/1980s, when surface water 

eutrophication was at its peak. The nutrients derive mainly from 

untreated domestic sewage and sludge from animal husbandry 

(especially poultry farming). Large amounts of organic carbon-

rich sediments are thus deposited in this shallow lake, continu-

ously releasing nutrients and trace elements into the water 

column. In addition, downstream of the reservoir, countless small 

sewers discharge untreated wastewater into the Wenyu river.

Nutrient concentrations are thus particularly high in the upper 

sub-reach of the Haihe river system, although this region only 

contributes about three per cent of the overall nutrient load. Fur-

ther downstream, concentrations of nitrogen and phosphorus 

decrease more or less steadily (Fig. 3). Nutrient concentrations 

would normally be expected to increase near urban areas (such 

as Beijing) and in intensively used agricultural areas (such as the 

region between Beijing and Tianjin). However, pollution from the 

Shahe Reservoir is so extreme that nutrient concentrations are 

diluted by inputs of treated wastewater from Beijing.

Inadequate removal of nitrogen at WWTPs

Overall, our analyses confirm that wastewater is the main 

source of nutrients entering the Haihe river system. Other 

sources – industrial and agricultural inputs or atmospheric de-

position – appear to be negligible. According to our calculations, 

1420 grams of nitrogen is produced per inhabitant per year in 

Beijing. This is close to the values reported for untreated waste-

water around the globe (1650 –1850 grams). However, the value 

calculated for treated wastewater – more than 1200 grams per 

inhabitant – is considerably higher than the values typically re-

ported internationally (110 – 800 grams). The poor treatment per-

formance suggests that nitrogen removal is impeded by slug-

gish nitrification/denitrification processes at WWTPs.

In contrast, phosphorus removal is relatively efficient: the esti-

mated discharge rate was within the range reported globally for 

treated effluents – 91–211 grams of phosphorus per inhabitant 

per year. This means that the very high concentrations still ob-

served in some rivers should be attributed to low water levels 

rather than to inadequate wastewater treatment.

Over the last few decades, despite the construction of nine 

WWTPs and more than 4000 kilometres of sewers in the Beijing 

area, it has not been possible to curb the exponential increase 

in nutrient concentrations in the Haihe river system (Fig. 4). 

Although increasing numbers of households in Beijing have con-

nections to WWTPs, population growth was underestimated 

when the plants were planned in the early 2000s; as a result, 

they are often operating beyond their projected capacity.

In our view, the most effective way of controlling massive 

eutrophication in the region would be to construct additional 

WWTPs with sufficient capacity and state-of-the-art denitrifica-

tion efficiency. Measures of this type made it possible to at least 

halt the increase in nitrogen levels in Switzerland and Europe in 

the 1980s – though in many cases nitrogen fluxes today remain 

far above pristine levels, on account of innumerable non-point 

sources that are difficult to control.

The Chinese agricultural sector could also help to conserve 

water resources and energy by adopting a more cautious and 

responsible approach to the use of mineral nitrogen fertilizers. In 

particular, this could mitigate eutrophication of coastal regions, 
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