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Format of presentation

The seminar started with presentations by Prof. Harrison on Oceanography and Eutophication in Hong Kong Waters and by Dr. Yin on Nutrient Limitation and Eutrophication in Hong Kong Waters, followed by remarks from members of a Panel consisting Dr. Albert Koenig, HKU, Prof. P. Harrison, HKUST, Prof. Rudolf Wu, CityU, Dr. Patsy Wong, AFCD and Prof. Joseph Lee, HKU (Chairman), and open discussion from the floor.

Prof. Harrison’s presentation

The complexity of the oceanography in coastal waters of Hong Kong (and Pearl River Estuary) was highlighted. Outflow from Pearl River carries low P and high N, whereas oceanic waters from South China Sea bring in high salinity, cold water, low oxygen and poor nutrients. Physical factors such as wind and hence vertical mixing could be important to augment water quality conditions in inshore waters. The concept of N:P ratio was introduced and how this was changed with seasons in Hong Kong owing to Pearl River discharge. Long-term monitoring data from EPD were used to demonstrate the changes. From west to east, N:P ratio moves from P limiting (estuarine waters) to N limiting (oceanic waters) particularly in the wet season. The following conclusions were drawn:

· Spatial gradients from river to estuary to oceanic.

· Temporal gradients with the wet season (summer) being the critical period.

· Summer rains and river discharge lead to stratification which decreases transport of oxygen to deep water.

· Summer nitrogen loads are high leading to high algal biomass and P and Si limitation.

· Most HABs occur in spring far away from the Pearl River.

· Summer –


P is potentially limiting algal biomass production in southern waters.


P concentrations may control algal biomass.


Surplus N exists due to river discharge and rainfall.


N concentrations are unlikely related to excessive algal blooms.  



· Winter – 

All nutrients are low (oceanic conditions).

Not enough nutrients to produce large bloom.

Chlorophyll is usually <5 (g/L.

Physical mixing dominates over algal growth which is slow due to lower temperature and lower light, i.e., this takes longer time to produce a bloom.

Dr. Yin’s Presentation

The dynamics of phytoplankton biomass and nutrients in an estuary were highlighted. Water quality and nutrient data from laboratory experiments and results of field monitoring from several cruises in the Pearl River estuary to Hong Kong waters were presented. Several scenarios were proposed for Hong Kong waters in terms of temporal and spatial variations of N and P levels:

Scenario 1: Dry season – N limitation with low nutrients across the territorial waters of Hong Kong; physical processes are dominant over biological processes.

Scenario 2: Spring – N to P limitation; western waters show P limiting with high N and low P, whereas the remaining Hong Kong waters are N limiting with now nutrients.

Scenario 3: Summer - Potential P limitation; most Hong Kong waters are P limiting with high N and low P, except the eastern waters which are N limiting with low nutrients.

Scenario 4: Rainy season – P limitation due to rainfall; P and Si are co-limiting with high N across the territorial waters of Hong Kong.        

Panel members’ remarks

Prof. Rudolf Wu (CityU)

He highlighted the following 3 points, which would need to be considered in the context of N and P limiting in Hong Kong waters:

1. Hong Kong is only a “microhabitat” within the Pearl River delta. We have to be careful in interpreting N and P limitation in this small scale as compared to the larger scale of Pearl River area. The data presented confirm that marine waters are N limiting and freshwaters are P limiting.  

2. Taking Victoria Harbour as an example with a drop of salinity to 22-25%o in summer, i.e., one-fourth reduction of the oceanic waters, we may broadly say that in summer (wet season), Hong Kong waters are one-fourth P limiting and three-fourth N limiting. Noted that data presented were based on experiments for surface water samples (i.e., relatively freshwater), which showed P limitation.   

3. Hong Kong waters are shallow and there is a large buffer of P in sediments. The system is not static but dynamic, with replenishment of P to the water column from sediments. 

Dr. Patsy Wong (AFCD)
Red tide monitoring data were presented. It was noted that from 2002 onwards, there was an obvious increase in red tide occurrences in waters around Lamma Island (southern waters). However, water quality data obtained in the same period of time in southern waters did not show a different trend from historical data. It seemed that there are other factors contributing to the increase in red tide occurrences in this area. 

A new red tide species Phaeocystis globosa were also noted in southwestern waters in 2002 and 2003. Blooms of this species were recorded in Fujian and could be a potential fish killer. Fortunately, the blooms in Hong Kong were not very dense and no fish kills were reported. This raised a question “Are nutrients (i.e. N, P) really the major determining factor for algal bloom occurrence?”   

Prof. Joseph Lee (HKU)

Results of a 2-layer kinetic eutrophication model from Tolo Harbour and Tolo Channel based on 20 years’ data were highlighted, particularly with reference to the implementation of the Effluent Exports Scheme (by the government). Data showed that effects of temperature could be important to control nutrient dynamics in this system. In addition to temperature limitation, light limitation may exist. He echoed with Dr. Patsy Wong’s point on “Are nutrients (i.e. N, P) really the major determining factor for algal bloom occurrence?” and commented that the government’s state-of-the-art models should have shown such similar observations.

Dr. Albert Koenig (HKU)

Information of N:P ratio (in terms of mass) was presented on raw sewage, treated effluents and effluent standards from Hong Kong, Germany/Europe and China. While the Redfield ratio shows 16N:1P (molar), in terms of mass, this is converted to 7.2N:1P (mass, mg/L). A summary of N:P (mass) is given below:

Raw sewage (Hong Kong)

4-8N:1P (i.e., from N to P limiting)

Treated effluent (Hong Kong)

4-7N:1P (i.e., N limiting)

Treated effluent (Germany)      11-18N:1P (i.e., P limiting)

Effluent standards (Hong Kong)
6-10N:1P (i.e., from N to P limiting)

Effluent standards (Europe)

7.5-10N :1P (i.e., P limiting)

Effluent standards (China)

25-30N :1P (i.e., P limiting)

Noted that N and P concentrations in effluent standards of Hong Kong could be higher than the N and P concentrations in raw sewage, but they refer to standards for industrial wastewater only. 

Prof. Paul Harrison (HKUST)

He drew members and audience’s attention to his earlier presentation that N:P ratio is one of the many factors affecting the nutrient dynamics in coastal waters of Hong Kong. Physical factors can also dictate how nutrients be utilized. Other factors such as sinking rate and grazing rate of phytoplankton are also important. Marine viruses may also influence the formation of an algal bloom. The system is more complicated than just N:P ratio. He also commented on nutrient limitation versus nutrient starvation, noting that there is nutrient supply from wind mixing and grazing in nature, as compared to what happens in a bottle experiment.

Open discussion from the audience

1. Question on whether or not there are studies on nutrient release from sediments in Hong Kong.

Panel response –

There were some studies undertaken in Hong Kong on sediment nutrient flux. In-situ measurements of SOD (sediment oxygen demand) would also provide an indirect measurement of nitrogen flux in the sediments. Researchers from PolyU have carried out direct measurements of nutrient flux in the sediments in Hong Kong.

Noted that nutrient release from sediments can be an important source to the water column under shallow water conditions; in some tropical lagoons with depth less than 1 m, > 90 % of N and P in the water body are recycled from the sediments.          

2. Comment on wind mixing on nutrient dynamics.

Panel response –

In addition to wind mixing, ship-generated turbulence, especially in Victoria Harbour, is important in affecting nutrient dynamics. 

3. Comment on the government consent on the effluent standards for sewage treatment plants. If nutrients may not have significant impact on the occurrence of HABs, why should the government need to set stringent standards and use additional financial resource to treat the wastewater? Is this morally wrong? 

Panel response –

This should be looked from the point of risk management. We should examine if the adoption of certain standards will increase the risk of occurrence of HABs and take a precautionary approach in managing our wastewaters. This is also an issue on sustainable development. 

We should also look at Pearl River basin as a region, not just Hong Kong and share the financial burden of the treatment cost.      

4. In terms of treatment process, treating the last 20% of a stringent effluent standard is most costly. It may be better to spend our money to help mainland China to build more treatment plants. With reference to the staging of the European law in effluent treatment, capital investment could be best spent if we know a long-term consent of the effluent standards. 

Panel response –


This could be more a political issue. However, it is still important for us to treat our 
effluents in an equitable manner within the Pearl River delta region.  

End of Seminar
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