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Coastal Eutrophication in the world

➢ Enrichment of Nutrients (e.g. C, N, 

P, Si) in coastal waters,

Eutrophication symptoms or impact:

➢ Harmful algal blooms

➢ Excess algal biomass

➢ Hypoxia/anoxia in the bottom layer
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Sources of Nutrients：
Global population and fertiliers
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Widespread occurrences of harmful algal blooms
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Sea



Anthropogenic influenced “Dead zones”
is expanding

2008

Hypoxia <2 mg/L



Global Ocean Is Losing its Breath

Science 2018



Years

Mississippi River: Average annual concentrations
Turner et al. 1998. Proc. Natl. Acad. Sci. USA

~100 µM



Northern Gulf of Mexico: 

a large area of hypoxia “dead zone” (20,000 km2)

Science 281, 1998

(<2 O2 mg/L)



Nitrogen,Phosphorus fertilizers in China



Persistent Cyanobacterial Blooms in 

Dianchi Lake in Kunming



Taihu Lake

Science 31 Aug 

2007

Cyanobacterial 

blooms shut down 

the city water 

supply for weeks



Green Algal Blooms in Qingdao where Olympic 

sailing game will take place July 2008



Scores of PLA soldiers remove masses of algae from a 

beach in Qingdao, where the Olympic sailing events are 

scheduled to take place from August 9. (Photo: Bloomberg) 

(from SCMP, 4 July 2008)



A soldier walks through blue-green algae near a beach in Qingdao, 

Shandong province. (Source: Bloomberg) (from SCMP, 4 July 2008)



Duan Shuiwang,  4 others . Seasonal changes in nitrogen and phosphorus transport 

in the lower Changjiang River before the construction of the Three Gorges Dam. 

Estuarine， Coastal and Shelf Science 2008, 79(2): 239–250. 

Flux of Nutrients in Changjiang
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http://www.google.com.hk/url?sa=i&rct=j&q=increase+in+nutrients+in+Changjiang+River&source=images&cd=&docid=MhLhbyWYqBhf_M&tbnid=AyCAmHUY1wAgoM:&ved=0CAUQjRw&url=http://www.sciencedirect.com/science/article/pii/S0272771408001558&ei=mQvqUZCpEeSwiQfX14C4BQ&psig=AFQjCNHox9QopjF7pUUDz9UCfIhkgans4Q&ust=1374379267637489


Spring

Large areas of harmful algal blooms and 

hypoxia in Changjiang-East China Sea

Summer

Li et al., 2002



Pearl River Watershed

N

P氮
肥
（
吨

）

磷
肥
（
吨

）



10000

20000

30000

40000

50000

1985 1990 1995 2000 2005

200x103

400x103

600x103

800x103

5000

6000

7000

8000

9000

P
o

p
u

la
ti

o
n

 (
1

0
4
)

G
D

P
(1

0
8
)

W
a

st
e 

(1
0

4
T

)
人口

GDP

污水

Population, GDP and Wastewater 

in Guangdong



Pearl River Estuary

• The 2nd largest 

river in China

• The 13th largest 

river in the world

• 2,200 km long

• 454,000 km2

drainage basin

• 100 million people

South China Sea

Pearl River 

Hong Kong



Zhujiang Estuarine Coastal Waters:

HAB and Hypoxia events

Bottom

Chl-a Hypoxia



Harbour Area Treatment Scheme 

(HATS):

The Strategy of Sewage 

Treatment in Hong Kong started 

in 2001



Hong Kong Sewage Effluent Outfalls



Strategic Sewage Disposal Scheme (SSDS) before 

2001



Chemically Enhanced Treatment Plant (CEPT)



Sewege Collecting Pipe Tunnel under bedrock



4 options by International Review Panel (IRP 2000)

1 2

3 4



HATS  

Catchment 

Area

1.85 million m3

sewage effluent 

of Hong Kong

Harbor Area Treatment Scheme (HATS) 

started in 2001



Harbour Area Treatment Scheme 

(HATS): 

Sewage treatment strategy

One of the most important coastal 

infrastructure in Hong Kong



Harbor Area Treatment Scheme (HATS):

All 4 options require:

➢ Short outfalls

➢ Upgraded treatment facility to tertiary 

or biological removal of inorganic 

nutrients, nitrogen or phosphorus

This triggers an important scientific 

question: which nutrient should not be 

added to the recipient water?



HATS: short outfalls with biological 

treatment (Biological Aerated Filter)

An important management decision:

Which nutrient is the most limiting in the 

recipient waters

An important scientific question:

removal of nitrogen or phosphorus?

Science-Policy  Making Interface



Environmental Impact Assessment 

Ordinance, Hong Kong

Assessment should rely on the concept 

of assimilative capacity of the 

receiving water body and water 

quality objectives

Assessment Philosophy
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determine phytoplankton biomass and O2

consumption 

(Yin et al. 2000, 2001, 2004, 2008)

Ecosystem Buffering Capacity:

The most limiting nutrient



N Others16

16

1

1/100,000

Cellular N:P= 16 : 1

The Most Limiting Nutrient

The Minimum Law: the nutrient that is the least by 

elemental ratio is the first nutrient to limit cellular 

biomass.  



N:P  < 16:1, N is limiting

N:P  > 16:1, P is limiting

How does a N/P ratio indicate 

which nutrient is the most 

limiting



Nitrogen is considered to be the 

nutrient enrichment causing 

eutrophication in the coastal waters

In general,

What about Hong Kong waters:
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➢ Nitrogen (N)

• High (100 µM) in the Pearl River 

vs 30 µM in marine fertile waters

• Excess in HK southern waters in summer

• Low in winter

➢ In fact, N concentration has increased 
at least 3 times during the past 3 
decades

Yes, there is  
nitrogen over-enrichment in the Pearl 

River estuary
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Findings:

➢Algal biomass is not as high as expected 

from high nitrogen;

➢Dissolved O2 remains above 2 mg/L 

most of the time-no seasonal hypoxia 

(low oxygen waters) has been found
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Findings

• for phytoplankton biomass

• the amount of DO consumption

➢Nutrients are low in winter

➢Phosphorus is potentially the most 

limiting nutrient in summer



2) There is excess N, and 

therefore, removal of N does not help 

reduce nutrient-caused impact

1) Phosphorus appears to be the 

most limiting nutrient

High N:P ratios (>16:1) imply:
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HATS: short outfalls with 

biological treatment (Biological 

Aerated Filter)

An important management decision:

Which nutrient is potentially the most 

limiting in the recipient waters

An important scientific question:

removal of nitrogen or phosphorus?

Removal of P is more effective

Removal of N – is not cost effective



HATS: Short outfalls-biological treatment

An important management decision:

removal of nitrogen or phosphorus?

If P is the most limiting nutrient, 

N removal is not economic environmentally

120亿 HK$ difference
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