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3. Socioeconomic Profile 

The objective of the socioeconomic study was to investigate the present conditions 
and the prospects of the socioeconomics of the Pearl River Delta region, as well as to 
identify the data needed for the estimation of possible environmental impacts. 
 
The present study mainly relied on the statistical yearbooks, newspaper reports, 
and documents for China, Guangdong Province and the cities around Pearl River 
Estuary. 
 
The economic growth of Guangdong is significant in both secondary and tertiary 
industry, in contrast to the decline seen in the economies of Southeast Asia during 
the past few years. Originally, Guangzhou was developed as a trading center in 
Southeast Asia. Shenzhen and Zhuhai developed rapidly after China adopted a 
market-oriented economic policy in 1978, and the economic growth of Dongguan 
recently has been remarkable, particularly in heavy industrial development. The 
economy in the Pearl River Estuary is characterized as ‘light and small- and/or 
medium-sized industry’ and not ‘heavy and large-sized industry’. 
 
As far as the environment is concerned, Guangzhou faces problems of river and 
seawater contamination by domestic wastewater. The discharge of wastewater has 
been increasing rapidly with the increasing urbanization. The problem in Shenzhen 
is the water quality degradation of Shenzhen Bay, which is polluted by industrial 
wastewater. There is not much of an environmental problem in Zhuhai, but the 
government devotes efforts to maintaining seawater quality because aquaculture 
has recently developed rapidly in the sea area. In Dongguan, as industrial 
development has been significant since 1998, precise environmental monitoring is 
required in the coastal area. 
 
The details of the study results are summarized below. 
 

3.1 Administrative Divisions 

Guangdong Province is in the southern part of China, at latitude 20O 09’ – 25O 31’ 
N, and longitude 110O 45’ – 117O 21’ E, and has land borders with Guangxi, Hunan, 
Jiangxi, and Fujian provinces. To the south lies the South China Sea and Hainan 
Province. Hong Kong Special Administrative Region ( SAR ) lies on the eastern 
part of the Pearl River Estuary, and Macao SAR is on the western side of the same 
estuary. The total land area of Guangdong is 178,000 km2, including 1,600 km2 of 
islands, and its coastline bordering on the South China Sea is some 2,400 km. 
 
The Pearl River, the fourth largest river system in China, runs through 
Guangdong. It rises in Yunnan and traverses China for 2,200 km through six 
provinces, Yunnan, Guizhou, Hunan, Jiangxi and Guangdong, as well as a part of 
Vietnam, covering a catchment area of about 452,600 km2. Finally, it flows into the 
South China Sea forming one of the extensive and most complicated deltaic regions 
( the Pearl River Estuary Delta ) in the world. The Pearl River Estuary Delta 
extends from latitudes 22O – 24O N, and longitudes 113O – 114O E. The total land 
area of the cities facing to the Pearl River Estuary, Guangzhou, Shenzhen, Zhuhai, 
Zhongshan, Foshan, Dongguan and Huizhou, is 30,321 km2. 
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Guangdong is one of the provinces of China, and consists of 21 administrative 
divisions as shown in Figure 3.1.1. Among the divisions, the seven cities in the 
Pearl River Delta, Guangdong, Shenzhen, Zhuhai, Zhongshan, Foshan, Dongguan 
and Huizhou, are relatively developed in economic terms. During the Qin Dynasty, 
Guangzhou was the only open trading port in China. Since then it has developed as 
a trading center linking Southeast Asia and Europe. After the central government’s 
policy shift towards a more market-oriented economy, Shenzhen and Zhuhai were 
designated as ‘Special Economic Zones’, and both cities developed as 
manufacturing bases linked to Hong Kong and Macao. Following these cities, other 
cities in the Pearl River Delta showed rather high growth rates compared to other 
cities in Guangdong. The total land area of the seven cities in the Pearl River Delta 
is about 3 million hectares, which is 17 % of the area of Guangdong, and the 
population of the seven cities is about 17 million, which is 24 % of that of 
Guangdong. 
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3.2 Population 

The population trends in China and Guangdong are shown in Table 3.2.1 and 
Figure 3.2.1. The total population in China at the end of 1999 is about 1,259 
million. Thirty per cent live in urban areas and 70 % are in rural areas. The 
annual average rate of increase in the population has declined year by year from 
1.55 % in 1985 - 1990 to 0.97 % in 1996 - 1999. The rate in urban areas was 2.54 % 
in 1996 - 1999, which is much higher than that (0.31 %) of rural areas. 
 
The Guangdong population at the end of 1999 and its recent annual increase rate 
are about 73 million and 1.83 % respectively. This rate is higher than that (0.97 %) 
of all China. The population of the seven main cities in the Pearl River Estuary, 
Guangdong, Shenzhen, Zhuhai, Zhongshan, Foshan, Dongguan and Huizhou, is 
about 17 million, which is 24 % of that of Guangdong. The increase rate of the 
population in the seven cities is 1.71 %, which is lower than that of the previous 
five years, when the economic growth was significant. The rate of Shenzhen and 
Zhuhai, where the industrial development is remarkable, is still high. 
 
The population in urban area is growing partly by natural increase, but more by 
migration from rural areas. The population increase in urban areas inevitably 
causes an increase of wastewater discharges, which affects the quality of river and 
seawater. 
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3.3 GDP 

The macroeconomic indicators of China, Guangdong and the cities of the Pearl 
River Estuary are shown in Tables 3.2.1, 3.3.1, 3.3.2, 3.3.3, and Figure 3.2.1. 
 
The GDP of Guangdong in 1999 was about RMB 846 billion at current prices, and 
the average annual growth rate of GDP from 1996 to 1999 was 10.3 %. The rate for 
Guangdong is higher than that ( 8.3 % ) of China and is relatively high in contrast 
to the economies of Southeast Asian countries during the same period. GDP in 
2000 was estimated as RMB 950.6 billion, and per-capita GDP as RMB 12,973. 
These growth rates of GDP and per-capita GDP in 2000 are assumed to be 10.5 % 
and 8.9 % respectively ( Guangdong Daily, Feb. 12. 2001 ). The Guangdong 
economy continues to maintain high growth, and the target growth rate ( about 
11 % ) of GDP given in the Ninth Five-Year Plan was almost achieved in 2000. 

 
From the viewpoint of the composition of GDP by the industrial sector, the 
percentage of primary industry dropped significantly, from 30 % in 1985 to 12 % in 
1999. Secondary and tertiary industries increased from 40 % and 30 % in 1985 to 
50 % and 38 % in 1999, respectively. In the Ninth Five-Year Plan, GDP structure is 
to change to 11 % for primary industry, 51 % for secondary and 38 % for tertiary 
industry. This target was almost achieved in 1999. The average annual GDP 
growth rates of primary, secondary and tertiary industries from 1996 - 1999 were 
4.4 %, 11.9 % and 9.3 % respectively. In 1999, the GDP for the seven cities of the 
Pearl River Estuary amounted to 65 % of the total GDP in Guangdong Province. In 
particular, the GDP of Guangzhou and Shenzhen contributed 40 % of the total 
GDP in Guangdong. The GDP of secondary and tertiary industries is very high in 
both cities. 
 
Guangdong, however, faces some economic difficulties. They are as follows: 
1) Financial problems have emerged, and some non-depository banks and 

business enterprises are having problems and difficulty in repaying foreign 
debt. 

2) Economic efficiency and profits of business enterprises are low, and some 
enterprises have been forced to cut down on production due to poor domestic 
demand. 

3) The price of some products of farms, animal husbandry and fisheries are 
down due to a soft market. 

4) Re-employment of workers who have left some state owned enterprises is not 
proceeding smoothly. 

5) Environmental problems still remain to be solved. 
( Guangdong Daily, Feb. 12, 2001 ) 
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3.4 Sewage and Industrial Discharge 

Indicators of urbanization are shown in sheet 2/3 of Table 3.4.1 and in Figure 3.4.1. 
As mentioned above, the population in urban areas has been increasing at high 
rates. The annual increase in the rate of population growth in city areas was 1.8 % 
in 1996 - 1999, and the growth rate of the number of households was even higher 
( 3.0 % in 1998 ). Significantly, the increase in water consumption for residential 
use was 6.6 % and the increase rate of sewer pipeline length is 11.6 % during this 
time. These high rates have caused the volumes of domestic wastewater to 
increase by 10.3 % and to affect the environment of the rivers and sea. In 
Guangdong, the total domestic wastewater volume was 3.1 billion metric tons in 
1999 and this was 2.7 times the industrial wastewater volume. In contrast to the 
decrease of industrial wastewater volume, the domestic wastewater volume has 
increased annually in proportion to urbanization. It has exceeded that of industrial 
wastewater since 1993. These figures suggest that domestic wastewater has to be 
given more attention than industrial wastewater as an environmental pollution 
source in Guangdong. 
 
As a countermeasure to this large increase in domestic wastewater, Guangdong 
government issued the Guangdong Ordinance for Water Quality Protection in 
Pearl River Delta in December 1998. The ordinance prescribes the target figure 
that 40 % of domestic wastewater will be treated before discharge at the end of 
2005 and 70 % will be treated by 2010 ( Guangdong Ordinance, 1998 ). The 
government has planned many projects for sewage treatment plant construction 
and is promoting the projects in order to achieve the target. Shenzhen, Zhuhai, and 
Zhongshan cities have cleared the target for 2005 already. Guangzhou city is close 
to the 2005 target now. 
 
The present sewage discharge volume in Guangzhou city is about 2 million 
tons/day, which is treated by three plants ( see Figure 3.4.2 ). The projected sewage 
treatment plant constructions are as follows. By means of construction of these 
plants, the city intends to achieve the target figure of 70 % by 2010 ( Nanfang City 
Press, Dec. 3, 2000 ). 
 
 Project name   Capacity  Completion 
Liede No. 2 plant  220,000 tons/day  middle of 2002 

 Xilang No. 1 plant  200,000  September 2002 
 Datansha expansion  300,000  end of 2003 
 Lijiao No. 1 plant  300,000  end of 2003 

 
Zhongshan city has two projects for sewage treatment plant construction, and the 
total capacity of the plants will be 320,000 tons/day. Foshan city has eight projects 
for industrial wastewater treatment, which can accommodate 68.3 % of the total 
volume discharged from industrial plants, and ten projects for sewage treatment. 
The total capacity of the industrial and domestic wastewater treatment plants is 
planned to be more than 400,000 tons/day, and this capacity exceeds the volume 
discharged to the river of Fenjiang in Nanhai district in Foshan city ( Guangzhou 
Daily, Mar. 1, 2001 ). 
 

III-38













 III-19

3.5 Agricultural Activities  

Economic development of primary industry in Guangdong is shown in sheet 1/3 of 
Table 3.4.1 and in Figure 3.5.1. The gross output value of agriculture in 1999 was 
RMB 174.5 billion at current prices, and the average annual growth rate from 1991 
- 1999 was about 5.8 %. The annual growth rate is not high compared to that of 
secondary and tertiary industry. But the annual growth rate of the fisheries sector 
shows a rather high rate of 13.3 - 8.4 % from 1991 - 1999. In particular, the 
average annual growth rate of maricultural production was more than 45 % from 
1996 - 1999, and this high growth rate has contributed strongly to the high growth 
rate of fisheries sector. 
 
The provincial government formulated the Guangdong Ninth Five-Year 
Construction Plan of Wholesale Market Places for Aquatic Products and has 
actively worked to implement the plan. In 1998, the government invested RMB 
72.6 million and constructed 29 fishing ports, 58 m of wharfs, 15 km of levees, and 
17 km of banks for protecting the coastline. The maricultural area increased by 
5,400 hectares in 1998 and the total area became 176,400 hectares ( Guangdong 
Yearbook, 1999 ). These efforts by the government resulted in an increase of the 
gross output value of the fisheries sector from RMB 6.9 billion ( 11.5 % of total 
output value of agriculture ) in 1990 to RMB 36.9 billion ( 21.2 % ) in 1999. The 
output of marine fish farms increased from 138,000 tons in 1990 to 1,609,000 tons 
in 1999, and it is expected to be 1,750,000 tons in 2000 ( Guangdong Daily, Feb. 15, 
2001 ). The more the maricultural sector grows, the more important both 
environmental pollution control for and from the maricultural areas becomes. 
 
The sea fish catch increased from 1,107,000 tons in 1990 to 1,955,000 tons in 1998, 
but then decreased to 1,945,000 tons in 1999, and is estimated to be 1,910,000 tons 
at present ( Guangdong Daily, Feb. 15, 2001 ). According to the fishermen met by 
the study team, the catch has recently been decreasing gradually because of 
seawater contamination, and in 2000 the conditions were the worst known. Thus, 
even if the market is strong, 70 % of fishermen in the village are losing money, and 
some of them are considering giving up fishing. The decrease in the catch is not 
only caused by environmental problems but also by illegal fishing, such as using 
poison, electricity and explosives. They strongly desire the government to increase 
activities on behalf of fisheries, through the following: 
 
(1) Prevention of pollution 
(2) Control of illegal fishing ( by use of electricity, poisons and/or explosives ) 
(3) Extension of the enforcement of prohibition of fishing during June to July, 

which is now applied only in the South China Sea, to the fishermen in other 
provinces 

 
With regard to the farming sector, the gross output was RMB 76.6 billion in 1999, 
which is 43.9 % of the total output of primary industry, and the average annual 
growth rate was 3.6 % from 1991 - 1995 and 5.2 % from 1996 - 1999. The growth of 
the farming sector has been low in recent years. The cultivated area and the 
application of chemical fertilizers and of pesticides, which affects pollution, has not 
changed much in recent year. 
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3.6 Industrial Activities 

The development of secondary industry is shown in Table 3.3.1, sheet 2/3 of Table 
3.4.1 and in Figure 3.4.1. Gross output value by secondary industry in 1999 was 
RMB 1,394 billion at 1990 constant prices and, within that total, 61 % was from 
light industry and 39 % was from heavy industry. When grouped by the size of the 
enterprise, the ratio of gross output value in 1999 by small, medium and large-
scale enterprises was 53 %, 13 %, and 34 % respectively. It is a distinctive feature 
that Guangdong industry mainly consists of light industries and small and 
medium scale enterprises. 
 
The annual growth rate of the GDP and the gross output value of secondary 
industry were 10.1 % and 11.9 % in 1996 - 1999. In particular, the GDP growth 
rate of large enterprises was as high as 23.7 %. These high growth rates are 
significant, especially in comparison to the weakness of the Southeast Asian 
economies during the same period. During this period, moreover, the number of 
state-owned and collectively-owned enterprises decreased markedly. Some of these 
enterprises changed to become joint-stock companies in accordance with 
government policy. The number of foreign-affiliated enterprises having more than 
RMB 5 million of annual sales, most of which were funded by businesses from 
Hong Kong, Macao and Taiwan, increased from 743 in 1990 to 10,930 in 1995, but 
decreased to 7,844 in 1998 ( Guangdong Yearbook, 1999 ) because those enterprises 
were affected by the economic recession in Southeast Asia. 
 
The development of this sector directly affects the environment by increasing 
pollution. Specifically regarding industrial wastewater, the volume has been 
decreasing since 1996 and has been kept at a low level by the government’s efforts 
at environmental management. 
 

3.7 Transportation  

The development of tertiary industry is shown in the sheet 3/3 of Table 3.4.1. The 
GDP of tertiary industry was RMB 318 billion ( current price ) in 1999, which is 
38 % of the total GDP in Guangdong. It had an annual growth rate of 9.3 % 
between 1996 and 1999, which is a comparatively high rate. Wholesale, retail and 
catering trade sectors combined, account for about 27 % of the total GDP of tertiary 
industry, and the growth rate for these sectors is high. It is a distinctive feature 
that the share in the GDP of tertiary industry in Guangdong is high compared to 
the ratio of China as a whole. 
 
The growth rate of total freight traffic and total imports and exports was not high 
between 1996 and 1998. 
 
The delta area has a well-developed water transport system. Guangzhou and 
Huangpu Harbors serve as its water transport centers. Ocean going vessels can 
sail from these ports to major ports in China and other countries. There are more 
than 50 medium and small-sized ports in the area. 
 
Railways and highways, with Guangzhou as their hub, lead in all directions. They 
include the Beijing - Guangzhou, Guangzhou - Kowloon, Guangzhou - Moaming 
railways and the newly built Beijing - Kowloon Railway, Guangzhou - Meizhou - 
Shantou Railway as well as number of national highways and expressways. 
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Guangzhou, Baiyun, Shenzhen and Foshan airports operate flights to many cities, 
both domestic and international. The Zhuhai airport has been built and is open to 
air traffic. 
 
As far as water pollution is concerned, the industrial development in this sector is 
not so important. 
 

3.8 Production Activities 

The basin of which pollutant loads run out directly into the Pearl River Estuary is 
only along the coastal areas, because the major loads run out through the Pearl 
River and its tributaries. 
 
The basin includes the following areas; Panyu ( a county-level city inside 
Guangzhou ), part of Dongguan, part of Zhongshan, most of Shenzhen and Zhuhai. 
 
Major products of this coastal area are shown in Table 3.8.1. 
 
The Pearl River Delta area ranks as one of China’s famous commodity agriculture 
product bases. It is Guangdong’s major producer of agricultural and other sideline 
products such as grain, sugarcane, freshwater fish and shrimp, silkworm cocoon, 
fruits ( bananas, oranges, tangerines, lychees, pineapples, etc. ), flowers, poultry 
and eggs. 
Its fresh subsidiary agricultural products from here can be exported to Hong Kong, 
Macao and many places in Southeast Asia as well. 
 
The rural area of the delta is known as the ‘Water Country’. In this area, people dig 
ponds to breed fish, build dikes to plant mulberry for silkworm raising and grow 
sugarcane and fruit trees, with mud dug out of the ponds as fertilizer. The man-
made eco-cycle system and farm-working mode are renowned at home and abroad. 
 
The delta area also ranks as one of China’s centers of electricity generation, and of 
textile and handicraft industries. It has a diversified and broad-range industrial 
system. Its household appliances, miscellaneous hardware, pharmacy, textile 
products, as well as chemicals, sundry small articles, plastics, sugar refining and 
canned food industries, have important positions in the industry of China. 
 

III-47







 III-22

3.9 Socioeconomic Development of Major Cities of the Pearl River Estuary 

3.9.1. Guangzhou 

The economic development of Guangzhou is shown in Table 3.9.1 and Figure 3.9.1. 
The GDP of Guangzhou in 1999 was RMB 206 billion at current prices and its 
average annual growth rate from 1996 to 1999 was 13.4 %, which is higher than 
that of Guangdong ( 10.3 % ). The GDP and its annual growth rate in 2000 are 
expected to be RMB 238 billion and 13.6 %, and per-capita GDP is expected to 
reach to RMB 34,500, which is equivalent to US$4,175 at the current exchange 
rate ( Guanzhou Daily, Nov. 16, 2000, Feb. 22 and 23, 2001 ). 
 
The GDP amounts and shares of primary, secondary, and tertiary industry in 1999 
were RMB 9.3 billion ( 4.5 % ), 94 billion ( 45.7 % ) and 102 billion ( 49.8 % ), 
respectively. The percentage of GDP accounted for by primary industry in the 
total GDP is 4.5 % and is much lower than that of Guangdong ( 12 % ). A high 
percentage of secondary and tertiary industry GDP is a notable feature of 
Guangzhou. In particular, tertiary industry has grown at a high rate ( 14.8 % 
p.a. ) and its GDP exceeds that of secondary industry. The gross industrial output 
value is RMB 251 billion and that of light industry and heavy industry in 1998 
were RMB 157 billion ( 62.3 % ) and RMB 95 billion ( 37.7 % ), respectively. The 
average annual growth rate of gross industrial output value was 13.4 % during 
the same period. The growth rate of light industry was 15.1 % and the rate of 
heavy industry was 10.8 %.  
 
Even though the majority of industries in Guangzhou are categorized as 
belonging to light industry, the recent development of heavy industry is 
significant. The gross industrial output value in 2000 was recorded as RMB 309 
billion and its year-on-year growth rate was 14.7 %. The gross industrial output 
and the annual growth rate of heavy industry were RMB 125.3 billion and 21.8 %, 
respectively. Conversely, those of light industry were RMB 183.6 billion and 11 %. 
The growth rate of heavy industry has recently exceeded the rate of light industry 
by about 11 % ( Guangzhou Daily, Feb. 22, 2001 ). 
 
Regarding environmental problems in Guangzhou, attention must be given to the 
large volume of household water consumption, which exceeds that of industrial 
use. Water consumption by industry has been decreasing since 1996 as a result of 
efforts by the municipal governments to have business enterprises recycle water 
and thereby decrease freshwater consumption. At present in Guangzhou, further 
efforts by the government are needed for the construction of sewage treatment 
plants. The future plans for this are mentioned in Section 3.4. 

 
3.9.2. Shenzhen 

The economic development of Shenzhen is summarized in Table 3.9.2 and Figure 
3.9.2. The GDP of Shenzhen in 1999 was about RMB 144 billion at current prices 
and its average annual growth rate from 1996 to 1999 was 15.9 %, which is higher 
than that of Guangzhou ( 13.4 % ). 
 
Shenzhen is a highly industrialized city. The GDP amounts and shares of primary, 
secondary, and tertiary industry in 1999 were RMB 1.7 billion ( 1.1 % ), 72.7 
billion ( 50.6 % ), and 69.2 billion ( 48.2 % ) respectively. The percentage of GDP 
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accounted for by primary industry was much lower than that of Guangdong 
( 12 % ). The high percentage of secondary and tertiary industry is a notable 
characteristic of Shenzhen. Tertiary industry is growing a high rate of 17.3 % p.a.  
 
In the aquaculture sector, the area for sea fish farms increased in Shenzhen Bay 
from 1985 to 1990. However, the bay was subsequently contaminated by effluent 
from many newly constructed industrial plants, and the sea area became 
unsuitable for aquaculture. The aquaculture area in the bay decreased gradually, 
starting in 1990, and it dropped sharply in 1997 because some public works 
projects were started in the sea area and many aquaculture enterprises had to 
suspend operations. Given these environmental and political conditions, the 
Guangdong Ocean and Fishery Department started new project for aquacultural 
development in Dapeng Bay from 1996. Many aquacultural enterprises are 
shifting their operations from Shenzhen Bay to Dapeng Bay or other places, such 
as in Zhuhai. 
 
As far as environmental aspects are concerned, a major problem in Shenzhen is 
industrial effluent discharge, which causes the contamination of Shenzhen Bay. 
The color of the Shenzhen River is blackish and has a foul smell. The majority of 
business enterprises in Shenzhen are categorized as light industry and medium- 
or small-scale industry, and most of all these enterprises seem to discharge the 
effluent directly to the river or directly into the bay without appropriate 
treatment. 
 
The Environmental Protection Bureau of the Shenzhen city government is 
concentrating on decreasing industrial wastewater discharge volume by requiring 
the polluting enterprises to install wastewater treatment facilities and to recycle 
water. 
 
In the private sector, large-scale enterprises are seen to be taking measures for 
environmental protection. For instance, a Japanese electric and electronics goods 
factory, which has more than 30 brother factories in Mainland China and started 
operation in Shenzhen 16 years ago, has some metal plating lines that discharge 
about 300,000 tons/year of process water. There the company has installed an 
integrated wastewater treatment facility, developed by the company, called ‘high 
functional and saving space type’. The factory is controlling the content of effluent 
in terms of several indicators such as pH, COD, Cu, SS, oils, etc. so as to keep the 
levels within the limits required by law. The factory acquired the ISO 14001 
certificate in 1998 because of its environmental management system and is 
recognized as an Excellent Factory of Environmental Management by the 
Environmental Protection Bureau of the Shenzhen city government. Another 
example of an enterprise that is doing well in terms of impact on the environment, 
there is an enterprise that is categorized as medium-scale and light industry. The 
enterprise has several plastic compounding lines and has installed two filter 
tanks for cutting down SS in effluent. The company monitors COD and total 
quantity of SS periodically by outsourcing to an environmental service company. 
 
To prevent and to mitigate industrial pollution, further government efforts that 
stress the importance of ISO 14001 and strict environmental control at the 
pollution sources mentioned above are required. Also, precise monitoring of 
environment and pollution sources is necessary to clarify the effects of the 
measures. 
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3.9.3. Zhuhai 

Economic development of Zhuhai is shown in Table 3.9.3 and Figure 3.9.3. The 
GDP of Zhuhai was about RMB 29 billion in 1999, and its average annual growth 
rate from 1996 to 1999 was 11.6 %, which is higher than that of Guangdong 
( 10.3 % ) but lower than Guangzhou ( 13.4 % ). 
 
The GDP amounts and shares of primary, secondary, and tertiary industry in 1999 
were RMB 1.3 billion ( 4.6 % ), 15.4 billion ( 53.6 % ), and 12.0 billion ( 41.8 % ), 
respectively. The percentage of GDP accounted for by primary industry was 4.6 %, 
which is lower than that of Guangdong ( 12 % ). The high percentage of GDP of 
the secondary and tertiary industry is notable in Zhuhai as was seen in Shenzhen. 
The average annual growth rate of GDP in each sector from 1996 to 1999 was 
5.4 % for primary industry, 11.8 % for secondary industry, and 12.0 % for tertiary 
industry. 
 
In the aquacultural sector, the gross output value of fisheries has grown since 
1990, and it has exceeded that of land crops since 1995. Recently, the aquacultural 
businesses have been active in the Zhuhai sea area, and they contribute to this 
high growth rate of gross output value of fisheries and high growth rate of GDP of 
primary industry. The gross industrial output was RMB 43 billion in 1997, of 
which RMB 31 billion ( 73.3 % ) was from light industry and RMB 11 billion 
( 26.6 % ) was from heavy industry. The majority of the industries in Zhuhai are 
in the category of light industry. 
 
As far as environmental aspects are concerned, according to the members in 
charge in the Zhuhai Oceanic Administration Office, there is not so much of a 
problem in Zhuhai. The government does not permit enterprises to construct 
manufacturing plants that are not equipped well in terms of environmental 
considerations. These constraints are effective for protection of the marine 
environment from industrial pollution. 
 

3.9.4. Dongguan 

The economic development of Dongguan is summarized in Table 3.9.4 and Figure 
3.9.4. The GDP of Dongguan was about RMB 41 billion in 1999, and its average 
annual growth rate from 1996 to 1999 was 19.0 %, which is higher than that of 
Guangdong ( 10.3 % ) and Guangzhou ( 13.4 % ). 
 
The GDP amounts and shares of primary, secondary and tertiary industry in 1999 
were RMB 3.1 billion ( 7.4 % ), 22.4 billion ( 54.4 % ), and 15.8 billion ( 38.2 % ), 
respectively. The percentage of GDP accounted for by primary industry was 7.4 %, 
which is lower than that of Guangdong ( 12 % ). The GDP shares of secondary and 
tertiary industry in Dongguan are relatively high among the cities in Guangdong. 
The average annual growth rate of GDP in each sector from 1996 to 1999 was 
5.6 % for primary industry, 18.9 % for secondary industry, and 23.0 % for tertiary 
industry. The growth rate of secondary and tertiary industries in Dongguan is the 
highest in Guangdong. 
 
In the agricultural and aquacultural sectors, the gross output value of land crops 
is greater than that of fisheries, but the average annual growth rate of fisheries is 
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higher than that of land crops. The gross output value of land crops decreased in 
1998, while that of fisheries grew. The gross output of fresh water fish has 
exceeded that of seawater fish since 1994. This is due to the development of 
additional areas for fresh water fish farms. 
 
The gross output value of the industrial sector was RMB 73.2 billion in 1998, and 
its average annual growth rate from 1996 to 1998 was 21.8 %, which is the 
highest in Guangdong. The gross output value of light industry is more than that 
of heavy industry, but the growth rate of heavy industry increased sharply in 1998. 
New manufacturing plant constructions were concentrated in Shenzhen city when 
the city was named a Special Economic Zone. Recently, however, the city has lost 
attractiveness to investors, due to the high labor cost there. Many investors have 
moved from Shenzhen to Dongguan. 
 
As far as environmental aspects are concerned, Dongguan is one of the highly 
industrialized cities in Guangdong, and heavy industry in particular has grown 
rapidly recently. Precise monitoring of industrial pollution and strict controls over 
plant construction and operating conditions are required. 
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3.10 Current Development Plans 

The Ninth Five-Year Plan and Tenth Five-Year Plan of China and Guangdong are 
summarized in Table 3.10.1. In the National Ninth Five-Year Plan, the government 
stressed importance on economic growth, establishment of the socialism market 
economy system, and enhancement of science, technology and human resources. 
The Guangdong provincial government also formulated its plan, following the 
policy of the central government, and adopted the target figures for each item as 
objectives of its action plan. 
 
In the Tenth Five-Year Plan, it is notable that the creation of a healthy ecosystem 
and environmental protection were added to the contents of the previous plan, 
which did not deal with these matters in detail. 
 

3.10.1. Population 

The population of China and Guangdong was projected as being below 1,300 
million and 73 million as of the end of 2000, and the annual growth rates were 
given as less than 0.83 % and 1.5 % in the Ninth Five-Years Plan ( China 
Yearbook, 1996, Nanfang Riban, Feb. 12, 1996 ). In the Tenth Five-Year Plan of 
China and Guangdong, population growth is projected to be below 1.0 % p.a. and 
0.95 % p.a. ( Chinese Economy and Society for New Century, and Guangzhou 
Daily, Feb. 12 and Mar. 7, 2001 ). In the 2010 Long Term Aim of China, the total 
population at the end of 2010 is projected to be below 1.4 billion ( China Yearbook, 
1996 ). 
 
Basic recognition of the government’s role regarding the interrelation between 
sustainable social development and population are: 1) birth control, 2) 
conservation of national resources and 3) environmental protection. These 
factors are essential in order to: a) match the population increase to the social 
development and the increase of production capacity, b) harmonize economic 
development and the conditions of resources and the environment, c) unify 
economic and social development, d) promote a healthy cycle of urbanization, and 
e) achieve the final target of integrated development of human beings. The 
government’s practical policy is as follows ( Chinese Economy and Society for 
New Century ). 
 
(1) Continuation of strict population control 
(2) Improvement of human qualities 
(3) Stabilization of present planned childbirth policy 
(4) Maintaining low birth rate 
(5) Promotion of ‘well-childbirth and well-bred’ 

 
In conjunction with these central and provincial government policies for 
population control, each city in Guangdong has formulated their own distinctive 
plan. For instance, Guangzhou government puts stress on the following items 
( Guangzhou Daily Nov. 21, 2000 ). 
 
(1) Promotion of planned childbirth in rural areas, especially in the middle and 

western areas 
(2) Enforcement of planned childbirth among immigrants from other provinces 
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(3) Strengthening of efforts at propaganda, education and setting of regulations 
regarding planned childbirth 

(4) Enhancement of human qualities and health by setting up of Guangzhou 
Childbirth Service Center 

(5) Strict control of floating population 
(6) Solving the problems of social security and spiritual and cultural life for 

elderly people 
 

3.10.2. Economic Development 

In the Ninth Five-Year Plan, China set the target figure for GNP as RMB 8,500 
billion in 2000, which is four times of that of 1980 ( China Yearbook, 1996 ). The 
GDP annual average growth rate of Guangdong was set as 11 % in the same plan, 
which was basically achieved in 2000 ( 10.5 % ) as mentioned above ( Guangzhou 
Daily, Feb. 21, 2001 ). 
 
In the Tenth Five-Year Plan, the central and Guangdong governments have 
advanced economic development, planning one more step compared to the 
previous plan, by including 1) a shift from a planned economy to a socialism 
market economy, 2) harmonized development of the three industrial sectors, 3) 
enhancement of science and technology, and human resources, and 4) 
dissemination of social security system. Furthermore, the central government is 
planning to develop the western parts of China and to urbanize the rural areas, 
with the intention of harmonizing development between urban and rural areas 
in the new plan. The GDP growth rate of China and Guangdong were set as 7 % 
and 9 % a year ( Guangzhou Daily, Feb. 21 and Mar. 7, 2001 ). The following 
items are listed in the new plan of Guangdong ( Guangzhou Daily, Feb. 21, 
2001 ). 
 
(1) Strengthening of secondary industry 
(2) Development of new and high-technology industries such as information 

technology, biotechnology, photo-electronics and new materials 
(3) Development of three new core industries of electronics information, electric 

equipment and petrochemicals 
(4) Re-engineering and enhancement of three traditional industries of textile 

and apparel, foodstuffs and beverages, and construction materials 
(5) Developing potential industries such as motor vehicle assembly, 

pharmaceuticals, paper manufacturing and environmental protection 
industries 

 
Guangzhou city government has adopted the high GDP growth rate of 12 % 
( Guangzhou Daily, Feb. 16, 2001 ). 
 
In the 2010 Long Term Aim of China, the target figure of the GNP is set as RMB 
17 billion in 2010, which is twice as large as of the GNP in 2000 ( China 
Yearbook, 1996 ). 
 

3.10.3. Environmental Protection 

The government has been advancing its policies for environmental protection as 
an important national undertaking for a long time. But it was not taken up in 
great detail in planning documents until the Tenth Five-Year Plan, where the 
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Guangdong government clearly describes its policy for environmental protection, 
namely to preserve and develop the natural resources, and to strictly control the 
increase of population. The action plans based on this policy are as follows 
( Guangzhou Daily, Feb. 21, 2001 ). 
 
1) Speeding up of the progress of the ‘Blue Water and Blue Sky Project’. 

(1) Improvement of water and air pollution 
(2) Integrated reform and improvement of the seven rivers (Zhujiang, Dan 

Shui He, Guan Lan He, Qijiang, Rongjiang, Fengjiang and Xiao Dong 
Jiang) 

2) Construction of sewage treatment plants and solid waste treatment plants 
3) Introduction of a control system for total discharge quantity of SO2 and dust 

from manufacturing plants, and reduction of the amounts discharged 
4) Ending construction of coal-burning power stations in the Pearl River Delta 
5) Establishment of regulations to preserve and/or recreate healthy 

ecosystems 
6) Increase the SO2 discharge tax and the standard fee for sewage discharge 
7) Step-by-step realization of construction of sewage and solid waste 

treatment plants and commercialization of their operation 
8) Strict implementation of environmental assessment for new projects 

(1) EIA ( Environment Impact Assessment ) 
(2) Formulation of a master plan 
(3) Public consultant system and supervising a responsible care system for 

the important plan 
9) Establishment of an environmental monitoring network and cooperation 

system 
10) Establishment of the environmental compensation system to the lower 

stream area from upper stream area 
 
To implement the above plans, the government is going to allocate the equivalent 
of 2.5 % of GDP for the expenditure on the environmental protection projects 
( Guangzhou Daily, Feb. 14, 2001 ). 
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4. Existing Marine Environmental Monitoring System 

4.1 Institutional Framework of Marine Environmental Monitoring 

The primary objective of the study on the existing marine environmental 
monitoring system of the Peal River Estuary was the identification of the problems 
and subjects to be improved in the present organizational structure, and the 
activities relating to marine administration, survey and environmental monitoring. 
The secondary objective of the study was used this information to formulate a 
master plan for an optimal marine environmental monitoring system. The study 
was based on interviews at administrative organizations, the research institutes of 
the government and universities, and the private association concerned, and was 
also based on visits to the laboratories, experimental stations and monitoring 
stations, as follows. 
 

1) Administrative Organizations 
(1) State Oceanic Administration ( SOA ) 
(2) South China Sea Branch of SOA ( SCSB ) 

a) South China Sea Environmental Monitoring Center ( SCSEMC ) 
b) Guangzhou Marine Observatory ( GMO ) 
c) South China Sea Exploitation Engineering Center ( SCSEEC ) 
d) South China Sea Information Center ( SCSIC )  
e) Shenzhen Oceanic Administration Office of SOA ( SOAO ) 
f) Zhuhai Oceanic Administration Office of SOA ( ZOAO ) 
g) Zhuhai Central Marine Station of SOA ( ZCMS ) 
h) Marine Inspection Nanhai Integrated Corps ( MINIC ) 

(3) Pearl River Basin Water Resources Protection Bureau of Pearl River 
Water Resources Commission ( PRWRC ) 

(4) Guangdong Environment Protection Bureau ( GEPB ) 
(5) Guangdong Provincial Bureau of Ocean and Fishery ( GPBOF ) 
 

2) Research Institutes of the Government 
(1) South China Sea Institute of Oceanology ( SCSIO ), Chinese Academy of 

Science 
(2) Scientific Research Institute in Water Resources Protection Bureau of 

Pearl River Water Resources Commission ( SRI-WRPB, PRWRC ) 
(3) South China Sea Fisheries Research Institute ( SCSFI ), Chinese 

Academy of Fishery Science 
(4) Guangzhou Institute of Geography ( GIG ), Guangdong Academy of 

Science 
(5) South China National Center of Metrology ( SCM ), and Guangdong 

Institute of Metrology ( GIM ) 
 
3) Universities 

(1) Coastal Ocean Research Center ( CORC ), Zhongshan University 
a) Institute of Coastal and Estuarine Studies 
b) Institute of Coastal Marine Remote Sensing Application Studies 

(2) South China Teachers University ( SCTU ) 
(3) Jinan University 
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4) Association 
(1) Guangdong Marine Association and Guangdong Marine and Lake 

Research Association ( GMA, GMLRA ) 
 
The study on regulations and institutions for marine environmental monitoring 
was based on the national and provincial laws, regulations, rules, standards and 
documentation available in Guangzhou. 
 
Table 4.1.1 introduces the organizations involved in marine environmental 
monitoring in Guandong, their level and nature of staffing and their major duties 
and accomplishments to date. Below are the objectives of the above entities as well 
as the interrelations of each organization. Information on present, planned and 
desired equipment at each organization is presented in tables, as noted. 

 
State Oceanic Administration ( SOA ) 

The State Oceanic Administration ( SOA ) was established as the State Council 
responsible for the management of national marine affairs. It was originally 
under the National Scientific and Technical Committee. In March 1998 it was 
shifted so as to be under the Division of Land Resources, which is one of the 29 
National Committees. 
 
SOA is charged with the responsibilities and tasks in the four fields of ‘rights 
and interests, resources, environment and disaster mitigation’ so as to achieve 
the goal of the unity of the marine economic, social and environmental benefits. 
 
The present organization framework of SOA is shown in Figure 4.1.1. The 
number of officials at all of these levels totals about 10,000. The number of 
government officials in SOA headquarters has been decreased to about 100 by 
the recent restructuring. 
 

South China Sea Branch of SOA ( SCSB ) 
South China Sea Branch of SOA ( SCSB ) is the SOA’s agency station in 
Guangzhou, and is responsible for the marine administration of the South 
China Sea. SCSB guides, coordinates and supervises marine management in 
Guangdong, Guangxi and Hainan. It carries out marine monitoring, surveys, 
disaster prevention measures, and more as state-assigned missions, and also 
provides services and supports to various public and private sectors for the 
development of the local economy. 
 
The organization of SCSB is shown in Figure 4.1.2. It has four subordinate 
units, namely the South China Sea Environmental Monitoring Center, 
Guangzhou Marine Observatory, South China Sea Exploitation Engineering 
Center and South China Sea Information Center. Most of the scientists work in 
the fields of marine hydrology, chemistry, geology, meteorology, biology, 
equipment maintenance, communication, etc. 
 
Since 1975, the SCSB has been surveying the marine hydrology in South China 
Sea. For eight years, coastal areas were surveyed, and for five years surveys 
were done around the islands in South China Sea. Notable surveys are the 
three surveys on the seawater quality of the Pearl River Estuary, with 
cooperation from the Hong Kong Government ( since 1995 ). The data from the 
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survey comprise the base data showing the present environmental situation in 
the Pearl River Estuary. 
 

South China Sea Environmental Monitoring Center ( SCSEMC ) 
South China Sea Environmental Monitoring Center ( SCSEMC ) was originally 
one of the divisions in SCSB of SOA. In 1976 it started regular marine 
environmental monitoring and analysis of the presence of oil, heavy metal, 
radioactivity and other items in seawater, sediment and marine organisms. 
After SCSEMC separated from SCSB as the executive unit responsible for 
monitoring the marine environment, it was entrusted with routine monitoring 
works and surveying works, not only by the government but also by private 
enterprises. 
 
With regard to the regional scope of work, the environmental monitoring works 
for the three sea areas of China are performed by three marine monitoring 
centers as follows. 
 
1) North China Sea Environmental Monitoring Center in Qingdao, that works 

in the northern sea areas of Chang Jiang (Yangzhu Jiang). 
2) East China Sea Environmental Monitoring Center in Shanghai, that works 

in the sea areas from Chang Jiang to Taiwan. 
3) South China Sea Environmental Monitoring Center in Guangzhou, that 

works in the southern sea areas of Taiwan. 
 
At the national level, the competent departments and monitoring centers 
sharing marine environmental monitoring work are as follows. 
 
1) The Department of Agriculture is responsible for the sea areas where 

fishing and aquaculture is carried out. 
2) The Monitoring Center of Navy is responsible for the sea area of naval ports. 
3) The Department of Port Administration is responsible for the sea area of 

general ports. 
4) The three Environmental Monitoring Centers of SOA are responsible for the 

other sea areas as noted above. 
 
Existing equipment possessed by SCSEMC is listed in Table 4.1.2. Recently, the 
Chinese Government invested RMB one million to the center for new equipment 
for oil analysis, and an electron microscope for research on red tides and other 
subjects in conjunction with the revision of National Marine Environmental 
Protection Law ( see Table 4.1.3 ). The center desires to acquire the additional 
equipment, listed in Table 4.1.4, in the future in order to enhance its capacity 
for monitoring and survey work, and to expand its provision of services. 
 

Guangzhou Marine Observatory ( GMO ) 
SOA has three marine observatories, one each in Qingdao, Shanghai and 
Guangzhou. The Guangzhou Marine Observatory ( GMO ) was established as 
one of the institutes of the SOA. GMO aims to prevent and reduce marine 
disasters and to serve to the economic development of the South China coastal 
area. Its scope of service includes marine environment forecasts, natural 
environment conditions assessment, marine disaster assessment, etc. 
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GMO has 56 employees at present, working in the fields of marine hydrology, 
marine meteorology, fluid mechanics, computers and communication, etc. 
 
The existing main equipment and current investment plan for new equipment 
of GMO are listed in Tables 4.1.5 and 4.1.6. There is a problem in that the 
NOAA image receiver has been damaged, but it should to be repaired this year. 
GMO wants to have a software program for processing NOAA remote sensing 
data and GIS data, in order to improve the services for its clients ( see Table 
4.1.7 ). 
 

South China Sea Exploitation Engineering Center ( SCSEEC ) 
The South China Sea Exploitation Engineering Center ( SCSEEC ) was recently 
set up by merging the South China Sea Marine Survey Technical Center and 
South China Sea Buoy Data Center. The South China Sea Marine Survey 
Technical Center was established in 1973 by merging the South China Sea 
Survey Team, the South China Sea Geological Laboratory, and the technical 
unit in the survey division of the marine surveying ship, ‘Xiangyanghong No.5’,. 
The center thus has 27 years experience in marine surveying engineering. 
 
The specialties of the professional staff members are in the field of marine 
dynamics, marine meteorology, geological monitoring, chemistry, biology, and 
buoy data collecting technology. 
 
The existing equipment, the current investment plan for new equipment and 
the equipment that the SCSEEC wants to acquire in the future, are listed in 
Tables 4.1.8, 4.1.9, and 4.1.10, respectively. 
 

South China Sea Information Center ( SCSIC ) 
The South China Sea Information Center ( SCSIC ) was established as the 
Document Center of SOA. In 1991 its name was changed to South China Sea 
Marine Information Center. In 1997 the name was changed again to its present 
name. 
 
Existing equipment, the current investment plan for new equipment and the 
equipment that the SCSIC wants to acquire in the future are listed in Tables 
4.1.11, 4.1.12, and 4.1.13, respectively. 
 

Shenzhen Oceanic Administration Office of SOA ( SOAO ) 
The Shenzhen Oceanic Administration Office is a political executing agency 
unit under the South China Sea Branch of SOA. It has a business unit, the 
Chiwan Monitoring Station, which is administered by SOAO, and the routine 
jobs are led by the Zhuhai Central Marine Station. 
 
Its main duty is marine pollution control. In a case of oil leakage from a ship, 
SOAO officials go to the site of the accident, and report the situation to SCSB of 
SOA. The work of collecting, restraining and removal of leaked oil, etc. is 
normally carried out by Marine Affairs Bureau of Transportation Department in 
such cases. 
 
The challenge that SOAO is now concentrating on is illegal waste dumping in 
sea areas. For surveillance of waste dumping, SOAO carries out sea patrols on 
an irregular basis, jointly with Fishery Administration and Ocean Supervision 
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Sub-brigade of Shenzhen city government. Zhuhai Oceanic Administration 
Office also patrols a certain sea area in the Pearl River Estuary. There are 20 
industrial plants in Chiwan, and these plants discharge 3,000,000 m3/year of 
industrial waste. Administrative work, such as issuing permits to the plants for 
waste dumping, is also included in the duties of SOAO. 
 
SOAO faces the problem that their monitoring equipment in Chiwan 
Monitoring Station is aging and becoming out of date. The need has arisen to 
replace the equipment with new and automatic equipment. The equipment that 
is desired for future acquisition is listed in Table 4.1.14. 
 

Zhuhai Oceanic Administration Office of SOA ( ZOAO  ) 
The function of the Zhuhai Oceanic Administration Office ( ZOAO ) is almost 
same as that of the Shenzhen Oceanic Administration Office. 
 
There is no big problem of environmental pollution and waste dumping here 
because the city government is very strict in its control of the construction of 
manufacturing plants. This Office also patrols certain areas of the sea together 
with the Fishery Administration and Ocean Supervision Sub-brigade of the 
Zhuhai city government. If there has been illegal waste dumping, they 
investigate the operation of the suspected vessel by checking its voyage data 
recorder ( black box ). The office is particularly concerned with illegal dumping 
by small vessels, because the quantities involved are small. 
 

Zhuhai Central Marine Station of SOA ( ZCMS ) 
Zhuhai Central Marine Station ( ZCMS ) controls four local monitoring stations, 
Chiwan ( in Shenzhen ), Wanshan, Kaipo and Naozhou 
 
The local environmental monitoring stations monitor the general hydrological 
and meteorological items three times a day, and report the data to ZCMS every 
day. They take a seawater sample once a month and analyze COD, DO, pH, and 
salinity at the local environmental monitoring stations. They also take samples 
of dredge mud, which is sent to SCSEMC of SOA for analysis of heavy metal, oil 
and organic carbon. 
 
They collect all the data from each monitoring station, and report the data to 
GMO of SOA by the Internet. The data are sent to Beijing, and are used for 
marine forecasts and broadcasts on radio and TV. All the data are compiled in a 
list every month and the original list is sent to the SCSIC of SOA. 
 
The monitoring equipment of the ZCMS, which are listed in Table 4.1.15, are 
rather new compared to what is available at the Chiwan Station. They have an 
automatic sea-surface level gauge and the data are automatically transmitted 
to the computer in the office. This enables the officials to observe the data in 
real time. They are going to acquire test equipment for an automatic hydro-
meteorological observation system, as shown in Table 4.1.16. They wish to 
acquire some new equipment for better marine monitoring, as shown in Table 
4.1.17. 
 

Marine Inspection Nanhai Integrated Corps ( MINIC ) 
Marine Inspection Nanhai Integrated Corps ( MINIC ) is under the control of 
the Marine Inspection Integrated Corps of SOA and the SCSB of SOA. The 
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present staffing level is 14. Its duties are administration and inspection in all 
areas of the South China Sea. Law enforcement and administration of activities 
on sea areas are included in its administrative tasks. Littoral areas and air 
spaces are included in the scope of control. In littoral areas, the corps controls 
illegal waste dumping, illegal exploration of mineral resources, illegal activities 
by foreigners, etc. 
 
Under the control of MINIC, the Coastal Air Corps for Law Execution and 
Inspection is patrolling its territory for 100 hours a year using two planes. They 
are going to purchase one helicopter next year. 
 

Pearl River Basin Water Resources Protection Bureau of Pearl River Water 
Resources Commission ( PRWRC ) 

The Pearl River Water Resources Commission ( PRWRC ) was set up as an 
agency under the Ministry of Water Resources. The commission is responsible 
for water administration in the six provinces ( 450,000 km2 ) of Yunnan, 
Guizhou, Hunan, Jiangxi, Guangxi and Guangzhou, where the Pearl River 
traverses, Hujiang, where the Hanjiang River runs, and Hainan. It covers 
796,300 km2 in total. 
 
PRWRC has conducted many projects with the cooperation of such foreign 
countries as France, Holland, Portugal, Thailand, and Bangladesh. 
 
The Pearl River Basin Water Resources Protection Bureau ( PRWRPB ) of 
PRWRC plans water resources development and management, monitors water 
resources, performs quality control of water resources. It also undertakes 
administrative activities, primarily related to water utilization. All of these 
activities are under the guidance of the Ministry of Water Resources and the 
National Environment Protection Bureau. 
 
The planning of city water supply for Guangzhou is now underway, and others 
have been completed. The most important study theme of the Ministry is the 
causes of environmental pollution in four eastern estuaries of the Pearl River. 
 
The Water Resources Monitoring Center of PRWRPB collects a great quantity of 
water quality data and provides them to the Ministry of Water Resources. The 
Water Resources Protection Scientific and Technological Institute of PRWRPB 
has a numerical simulation model for 18 quality items, such as COD, BOD, T-N, 
T-P, etc. in the area of the Pearl River Estuary. 
 
According to the Commission, the areas of Guangdong have enough 
quantitative water resources, except for the areas of Zhanjiang Peninsula and 
Hainan Island, where rainfall is low. The practical control of the city water 
supply is by a private company. The sewerage control is done by each regional 
city and the water discharge control from the plant to rivers is basically the 
concern of the Department of Water Resources. These systems are different in 
each city and district. 
 
The Commission is in continuous, close contact with SCSB and has carried out 
its activities with good relations with SCSB for a long time. 
 

Guangdong Environment Protection Bureau ( GEPB ) 
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Guangdong Environment Protection Bureau (GEPB) is one of the organizations 
of the Guangdong Provincial Government responsible for environmental 
protection, and for controlling and leading the executive departments of the 
province’s municipalities. 
 
In Guangzhou, environment protection measures are implemented by GEPB as 
well as the Planning Bureau, the Natural Resources Bureau, the Marine 
Administration Bureau, SOA, the Department of Fishery, the Water Resources 
Commission, and the Department of Land Resources. 
 
GEPB and SCSB do not utilize the marine hydrological and environmental data 
that each other generates unless a major problem arises. GEPB provides its 
own data to National Environment Protection Bureau ( NEPB ) as the marine 
environmental data, and SCSB provides its data to SOA as marine water 
quality data. The river water data (including water flow speed and total 
pollutant quantities) and the pollution sources data collected by GEPB are 
provided to the other when so decided by the NEPB. If SCSB want to use 
GEPB’s data, SCSB has to request it to GEPB by submitting a data item list 
and information on the objectives of data utilization. GEPB reports the request 
to NEPB, and NEPB replies with its decision. GEPB bought land use 
information data, analyzed using remote sensing technology, from the Land 
Resources Bureau. According to GEPB, the price was very expensive. It is very 
common here that even if both the user and supplier of data are government 
institutes, the user is charged for the data except in the case of cooperative 
projects organized by the government. 
 
GEPB has the Guangdong Environment Protection Monitoring Center 
( GEPMC ) as a subordinate unit, the same as SCSB of SOA. GEPMC is 
equipped with latest models of AAS, GC, ion chromatograph, Poralo-graph, 
water purifier, etc.  
 
Guangdong is a sister province with Hyogo Prefecture in Japan. The water 
purifier has been supplied by Hyogo Prefecture in connection with a technical 
cooperation scheme. One official at the GEPMC has studied in a JICA training 
course and can speak Japanese well. 
 
In the Guangdong Government office building, where the headquarters of 
GEBP and GEPMC are, there is the head office of Environment Industries 
Association. The Association is a private business unit led by GEPB. 
 

Guangdong Provincial Bureau of Ocean and Fishery ( GPBOF ) 
a. Function and Administration Activities 

Guangdong Provincial Bureau of Ocean and Fishery ( GPBOF ) is an 
administration organization of the Guangdong provincial government, 
responsible for the comprehensive administration of marine areas, control of 
fishery industries, and sustainable development of ocean fisheries. They are 
carrying out the work of marine administration, putting emphasis on the 
harmonization of environmental protection and economic development. 
 
There are in GPBOF the Resources and Environment Administration Office 
and the Environmental Monitoring Center. Local coastal city governments 
also have environmental-monitoring stations for water quality observation 
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and resources-monitoring stations for marine resources observation. Among 
the monitoring stations, the Guangzhou Central Station is the biggest and 
the second is the Shenzhen Station. 
 
The National Fishery Law was revised on December 1, 2000 by the addition of 
15 articles. For instance, in Articles 19 and 20 of the revised Law, it is 
prohibited for fisheries to use feed containing toxic and hazardous materials 
or to cause the environmental deterioration in sea areas, and scientifically 
sound cultivation density, feeding, fertilizing, and chemical-feeding are 
obligatory in aquacultural areas. Other changes included adding some items, 
such as the issuance of certificates for fisheries ( in Chapter 3 of the law ) and 
the prohibition of using electricity for fishing ( in Chapter 4 of the law ). 
These changes have been added to the original law for conservation of marine 
resources. GPBOF has the responsibility of enforcement of this law in its 
territory of jurisdiction. 
 

b. Fishery Industry in Pearl River Estuary and Development Project 
The Fishery Division of GPBOF administers aquatic industries and manages 
projects for the development of the fishery industry in the Pearl River Estuary. 
 
The Pearl River Estuary is richly endowed with biological resources, and 
there are some natural conservation areas, such as for mangroves and bird 
life conservation ( Nailingding Dao ) and white dolphins ( mouth of the Pearl 
River Estuary ), etc. Preservation of ecosystems is one of the important duties 
of GPBOF. The mariculture area under its jurisdiction is 50,000 hectares, and 
the output of cultivated sea fish is 400,000 tons in the Pearl River Estuary 
alone, which is one quarter of the total output in Guangdong. The output of 
cultivated freshwater and marine fish is half of the total for Guangdong. The 
estuary has a twenty-year history of net-fish cultivation. Its output was a 
third of the province’s total at its peak, but is currently dropped to one quarter. 
Oysters are mainly cultivated in Shenzhen, Zhuhai and Dapeng Wan, and are 
the object of active development efforts in Yangjiang, Taishan, Zhanjiang, and 
elsewhere. The oyster cultivation area in the Pearl River Estuary is 30 % of 
the total for Guangdong, but the output is only 10 %. The cultivated area and 
output of prawns are 10 % of those of Guangdong. 
 
The government specifies the sea area for aquatic industries. Within the 
specified area anyone can do any business by applying for and getting 
permission from the government. 
 
The Daya Wan Aquatic Products Fry Breeding Center, which belongs to the 
GPBOF, researches yellowfish fry breeding. GPBOF funded RMB 20 million 
for this project, and provided the land and constructed the building and 
access road, etc. This project is being implemented with cooperation by the 
Fishery Cooperation Association in Japan. The Japanese association supplied 
special equipment and supported the center in fry breeding technology. The 
project was commenced in 1996, the center was opened officially on August 13, 
1997, and the project was completed at the end of March 2001. After the 
termination of the Japanese Association’s assistance, the center will continue 
the research and contribute to the development of the fisheries industry. 
 

c. Assistance to Private Enterprise Activities 
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There are many private associations related to aquatic products industries in 
Guangdong, including the Fishery Research Association, Turtle Research 
Association, Eel Research Association, Prawn Research Association. These 
associations seem to be set up separately for each kind of aquatic product. 
These associations are not cooperative associations but research associations. 
They do not have a close relation with any governmental administration 
organization, and are carrying out their activities independently from the 
governmental administrative activities. The government sometimes utilizes 
these associations for the dissemination of information on its policies to the 
individual fishermen and private fisheries enterprises, but basically 
communicates directly with them through special governmental 
administration lines. 
 
Governmental assistance to individual fisheries and private fishery 
enterprises is not strong. Marine environmental protection activities are not 
considered as assistance to the private sector, but as routine control works to 
achieve the objectives provided by Law. The government does not financially 
assist private projects directly, but indirectly assists the private sector by 
funding such practical projects organized by government as construction of 
fisheries ports, research and technical development of aquaculture industries, 
environmental countermeasures, and so on. 
 

d. Red Tides in Pearl River Estuary 
Red tides occur frequently in the Pearl River Estuary; they have been 
recorded 20 times in the past. Before 1995, they were rarely observed in the 
Pearl River Estuary, but were mainly observed in Dapeng Bay. In early 1998, 
the biggest red tide known spread over the entire estuary and the Hong Kong 
sea-area. The economic loss caused by the red tide was calculated as RMB 40 
million ( RMB 200 million including Hong Kong ). The major genus of algae in 
the red tide was Dinophyta. The investigation of the cause of red tide is one of 
the important tasks of the GPBOF.  
In January 2000, a red tide was observed around Wanshan Dao. No blue tide 
has been observed so far, but a water mass with low DO was observed once 
near Wanshan Dao. 
 

South China Sea Institute of Oceanology ( SCSIO ), Chinese Academy of Science 
South China Sea Institute of Oceanology ( SCSIO ) was established in 
Guangzhou as one of the institutes of the Chinese Academy of Science. The 
other institute is in Qingdao. 
 
SCSIO has accomplished numerous projects in the field of marine environment, 
biology, ecology, biological resources, and oil and gas resources during its 40 
years of operation. It has accomplished many research studies regarding the 
Pearl River Estuary. 
 
The existing equipment of SCSIO is listed in Table 4.1.18. There is no 
topographical miniature model of the sea and land area, but Qingdao Institute 
has one. At present, they do not feel it is necessary for their basic research. 
 
Most of the research expenses are met by a governmental budget allocation. In 
the case of big project, a research fund is set up for the purpose. 
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In the south China area, there are two research associations named the 
Guangzhou Marine Association and Marine and Lake Research Association. The 
head of SCSIO is the chairman of these associations, and the heads of SCSB of 
SOA and SCSEMC are the vice-chairmen. The Guangzhou Marine Association 
is one of the branch associations of the China Marine Academy. In the case of 
the technical meeting with the Taiwanese counterpart association, SCSIO 
represents Mainland China. 
 
Joint research projects with other institutes are sometime organized on special 
themes; this is done especially with the institutes and monitoring center in 
Qingdao, Huizhou and Dalian. Contact with other institutes is not frequent. 
Regarding co-research with oversea institutions, Qingdao Institute has contacts 
with Korea and Japan, and Guangzhou Institute has a relationship with 
Taiwan. 
SCSIO desires to have joint research projects with Japan from now on. The 
themes, which are now under study by the institute and relate closely to Japan, 
are research on the Black Current, and research on the sea waves under 
typhoon conditions and the course of the typhoon by use of satellite images. In 
future, the Institute wants to have co-research projects with Japan on such 
subjects as marine botanical pharmaceuticals and marine biology. SCSIO has a 
history of thirty years of work in the field of biological research and 
technological development, and has its own pharmaceutical laboratory. 
 

Scientific Research Institute in Water Resources Protection Bureau of Pearl River 
Water Resources Commission ( SRI-WRPB, PRWRC ) 

The Scientific Research Institute in WRPE of PRWRC undertakes studies in the 
exploration and exploitation of water, hydropower, water transport and estuary 
beach land, providing a scientific basis and practical foundation for the 
planning and designing of construction projects. The institute also works for 
foreign and domestic economic sectors by carrying out scientific research, 
technical cooperation, technological development, technical consultation and 
technical services. 
 
The Hydraulic Research Divisions have an experimental field of 60,000 m2. 
Notable in the experiment field is the Grate-size Tidal Estuary Modeling in the 
Lishui experimental bases in Nanhai. It is quite wide, with a scale of 1/700 in 
horizontal section and 1/70 in vertical section of the actual area, and covers 
from Humen in Dongguan to Hong Kong and Macao. This model is used for 
collecting the data for design and environmental impact assessment 
requirements, as requested by the central and/or provincial government, when 
they have a big project in the Pearl River Estuary. It was constructed in 1996, 
and since completion five tests have been carried out on it. One more test was 
planned for 2000, but was postponed by the client. The Institute has another 
test plan for water flow control of eight big rivers in the Pearl River Delta, 
aiming to prevent flooding. To conduct the test, it is necessary to have 
topographical data for the land area. 
 
The Institute has developed a numerical hydrodynamics simulation model for 
the Pearl River Estuary. The model covers the Estuary but not the rivers in the 
land area; expansion of the model to include the rivers is to be done in the 
future. The Institute also intends to develop an analysis method integrated 
with a numerical and physical simulation model. 
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South China Sea Fisheries Research Institute ( SCSFI ), Chinese Academy of 
Fishery Science 

The South China Sea Fisheries Research Institute ( SCSFI ) was set up as an 
integrated scientific and technical institute, with the objectives of applying 
modern science and technology to sustainable fisheries production, and 
developing aquatic resources in the South China Sea areas. It is now under the 
jurisdiction of the Chinese Academy of Fishery Sciences of the Agriculture 
Ministry, and undertakes major scientific research projects of the State and 
Ministry, resolves critical technical problems, provides its research results to 
interested parties, promotes academic exchanges, and serves for the 
modernization of fisheries. 
 
The institute studies environmental protection for aquaculture, as well as 
studies protection measures for environmental pollution caused by aquacultural 
activity. 
 
The head of SCSFI, who is a specialist on the environment, is one of the 
committee members on the Red Tide Research Center in Guangdong. The head 
of SCSFI is a representative of the Guangdong in the National Fisheries 
Association in Beijing, and the Guangdong Fisheries Association in Guangdong.  
 
Individuals and private companies, representing a variety of marine and 
freshwater products, have organized many business associations to protect their 
interests. Some of the associations, such as the Fish Feed Association, have 
commissioned research work to the institute. 
 

Guangzhou Institute of Geography ( GIG ), Guangdong Academy of Science 
Guangzhou Institute of Geography ( GIG ) was established under the provincial 
government, and belongs to the China Academy. The head of GIG is the 
chairman of the Guangdong Geology Association. As the national level, there is 
the China Geology Association. 
 
The remote sensing technology developed by the Guangdong Remote Sensing & 
GIS Center ( GDRGC ), in the GIG, has been highly evaluated and is used in 
many fields. GDRGC has already completed a digital map of the Guangdong 
area, but it is still only for internal use. The land use plan in their GIS was 
obtained from the National Environment Protection Bureau. 

 
South China National Center of Metrology ( SCM ), and Guangdong Institute of 
Metrology ( GIM ) 

South China National Center of Metrology ( SCM ) belongs to the China State 
Bureau of Quality and Technical Supervision, and Guangdong Provincial 
Bureau of Technical Supervision. SCM is a second-class metrology center and 
one of the seven administrative large regional metrological organizations of 
China. SCM always takes part in the preparation of national primary standards 
and standard measurement methods, because SCM is recognized as having 
high technological capability. These standards are equivalent to the National 
Institute for Metrology in Beijing ( NIM ) and the International Bureau of 
Weights and Measure in Paris ( BIPM ), and conforms to international 
standards. 
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SCM has been awarded the Certificate of Laboratory Accreditation ( equivalent 
to ISO/IEC Guide 25 ) by the China National Accreditation Committee for 
Laboratory ( CNACL ) and the Hong Kong Laboratory Accreditation Scheme 
( HOKLAS ). Shenzhen Institute of Metrology ( a third class institute ) has also 
been awarded the certificate by CNACL. In the south China area, only two 
institutes, in Guangdong and Shenzhen, have the certificate at present. Foshan 
and Shantou Institute of Metrology ( third class ) are currently preparing to 
apply. 
 
SCM has nine laboratories and one administrative office. The number of staff is 
150; two-thirds are assigned to measuring work and one third are in personnel 
and administration section. 
 

Center for Coastal Ocean Sciences and Technology ( CCOST ), Zhongshan University 
In Zhongshan University ( originally named Ling-nan University ), there is a 
Department of Global and Environmental Science, which has the Center for 
Coastal Ocean Sciences and Technology ( CCOST ). The center consists of six 
institutes; among the institutes are the Institute of Coastal and Estuarine 
Studies and the Institute of Coastal Marine Remote Sensing Application 
Studies. 
 

a. Institute of Coastal and Estuarine Studies 
The Institute of Coastal and Estuarine Studies set up the Pearl River Estuary 
Integrated Observation System ( PEIOS ) project, in January 1999, which was 
scheduled to be completed by the end of 2000. In the project, many samples 
were collected and analyzed from the mouth of eight rivers, coastal areas and 
the whole area of the Pearl River Estuary. Based on the data, a simulation 
model, for investigating such environmental parameters as SS, DO, and COD, 
and a displaying system for demonstration, are under being developed. The base 
data that were collected by the Hong Kong government were not included, 
because it was very difficult to obtain that data from the government or the 
private consultant who did the work under contract. In the simulation model, 
the point source data of polluters and biological analysis are excluded. 
 
CCOST thinks that their model is rather academic, and that a model for 
practical use should be studied by organizations such as SCSEMC, GMO and 
others, and that the latter model should be developed by the close 
communication and cooperation of each body. 
 

b. Institute of Coastal Marine Remote Sensing Application Studies 
The Institute of Coastal Marine Remote Sensing Application Studies 
( ICMRSAS ) was set up in 1989 for research in the fields of marine geology and 
topography. The institute uses remote sensing technology. 
 
The institute has been in contact with Dr. Murai, of Tokyo University in Japan, 
since early in its history. Recently, the institute was selected by the government 
as one of ten institutes to do a commemorative project of ‘China 21 Century’s 
Marine Year’ program. ICMRSAS was the only institute selected from the south 
China area. 
  
ICMRSAS has studied a wide area in the northern part of China, regarding 
subjects such as desertification, and a narrow area in the southern part of 
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China regarding subjects such as aquaculture. The institute has studied many 
subjects about the coastal area of Guangdong, because the area is close to the 
institute and special in topography. They applied special technology in the study 
around the coastal sea area of Guangdong. For example, the institute studied a 
seaweed in Daya Bay that flourishes at the water induction point of the nuclear 
power station and interferes with smooth operation of the power station. The 
institute improved the accuracy of analyzing the seaweed by deleting the green 
wavelength caused by chlorophyll-a from the data of the satellite image. 
Another notable study by the institute was on the effect of gases, such as SO2 
and NOX, in the land area. The results of the sudy were scheduled to be 
reported in an academic journal at the end of 2000. 

 
South China Teachers University ( SCTU ) 

The South China Teachers University was set up in 1936. The University was 
selected as one of the one hundred universities of China in the ‘2.1.1. Project’ 
conducted in 1996. There were four universities selected from Guangdong: 
Zhongshan, Jinnan, Huanan Technology and SCTU. 
 
There are no special environmental science and marine science courses, but the 
Institute of Environmental Science was established in 1988, and started the 
research, development and education of environmental technology. It has nine 
teachers, including a specialist on water pollution, and has an exchange 
program with universities in Hong Kong. 
 
In Guangdong, SCTU is charged with environmental science, Zhongshan 
University is charged with environmental geography, Jinan University is 
charged with environmental biology and Huanan Technology University is in 
charge environmental technology and engineering. Zhanjiang Oceanology 
University is charged with the marine environment. Besides the normal 
research and education activities at the Institute of Environmental Science, it 
sponsors public lectures and edits textbooks regarding the environment. 
 
In addition, there is a college related to environmental biology, where 500 
students ( 200 of these students are studying environmental science, 
environmental protection, environmental control, etc. ) are enrolled. Graduates 
of the college do not become teachers; about 70 % of them find a job in pollution 
control and monitoring in enterprises, and 30 % go to governmental institutes. 
Two graduates are working in Guangzhou Environmental Monitoring Center. 
 

Institute of Hydrobiology ( IHB-JU ), Jinan University 
Jinan University has six departments, including the Life Science and 
Technology Department, which consists of six courses or institutes, Biology, 
Chemistry, Institute of Hydrobiology, Biomedical Engineering, Bio-botanical 
Immunity, and Bioengineering. The institute provides post-graduate courses 
only; there are no undergraduate students. Only about 20 % of the graduates 
from the institute go to work for private enterprises, as most of the graduates 
remain in the university or find their jobs in the governmental institutes. 
 
The research subjects of the Institute include red tides, fish species in rivers 
and lakes, bio-plankton and bio-production simulation. Professor Qi Yu-Zao in 
the institute is recognized as the No. 1 researcher in China in red tide research. 
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As for research associations relating to bioscience, there are the Guangdong 
Marine Association, Guangdong Marine and Lake Research Association, 
Guangdong Botanic Association, Guangdong Zoo Association, Guangdong 
Fishery Association, Guangdong Ecological Research Association and others. 
The former Algae Research Association has been absorbed by the Marine and 
Lake Research Association. The Guangdong Botanic Research Association 
publishes The Journal of Tropical and Subtropical Botany. Professor Qi Yu-Zao 
is one of the managing editors of the journal. 
 
The Institute has a technical exchange program with Tokyo, Kitazato, 
Nagasaki, Hiroshima, and Mie universities ( all in Japan ), and Professor Qi is 
a member of the Bacillariophtceae Research Association and the Algae Research 
Association in Japan. 
 

Guangdong Marine Association and Guangdong Marine and Lake Research 
Association ( GMA, GMLRA ) 

There are two associations related to the marine environment in Guangdong; 
the Guangdong Marine Association and the Guangdong Marine and Lake 
Research Association. These two associations are independent. They registered 
separately to appropriate organizations of the central government, the former 
to SOA about 20 years ago, and the latter to the China Academy of Science 
about 40 years ago. These associations are voluntary, general public and 
academic organizations, and differ from political organizations, such as the 
Labor Union and Ladies Association, which are under the control of government.  
 
The associations were set up for the purpose of mutual connection and close 
communication of the members. Its roles are unity of researchers, provision of 
technical information services to members, and education of marine affairs to 
the leaders of private enterprises and government officers. Through their 
activities, the associations contribute to the development and progress of 
marine projects and the enhancement of human resources. 
 
Operating funds are obtained mainly from other organizations, donations from 
enterprises, income from consultation and commissioned work, and membership 
fees. 
 
The Associations have two divisions; a specialist subcommittee and an 
executive subcommittee. They are going to set up an environmental protection 
subcommittee that will cover the entire area of the South China Sea. They also 
want to have a technical interchange with the Setonaikai Environmental 
Protection Association. 
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4.2 Laws and Regulations on Marine Environmental Monitoring 

The laws, regulations, rules and standards regarding marine environment 
management are summarized in Table 4.2.1. Marine environmental protection is 
prescribed in Article 2 of the National Environment Protection Law. In Article 7 of 
the law, the National Oceanic Administration is prescribed to take part in the 
management of marine environmental improvement work, together with the 
Departments of Port Administration, the Department of Fishery and Fishery Port 
Administration, and the Environmental Protection Department of the Navy. 
 
Details of marine environment administration are prescribed in the National 
Marine Environmental Protection Law, which was revised in April 2000. In the 
revised edition, two new chapters, Marine Environment Administration ( Chapter 
2 ) and Marine Ecological Protection ( Chapter 3 ) were added. The original 
Chapter 3, Protection and Remediation of the Environmental Damage Caused by 
Oil Exploitation and Exploration in Marine Areas, was revised to include all 
construction works in marine areas. The contents of other articles were also 
detailed more precisely. 
 
The ordinances regarding environmental pollution source control are issued for 
each pollution source, including ships, oil exploitation and exploration plants, 
construction work sites, and waste dumping areas. 
 
Regarding scientific research on marine areas, the Regulation Of The Control For 
International Marine Scientific Co-Research has been issued. The regulation is 
applied to this JICA Study when a survey is carried out in sea areas. The JICA 
study team had to submit a sea survey plan and ship sailing plan to SOA six 
months before starting the survey and two months before starting the ship sailing. 
 
SOA established the Rule of Organization for National Marine Environmental 
Monitoring Network in 1987. The rule prescribes the basic duties and processes of 
the network, and the role of the organizations concerned with marine monitoring. 
 
The Guangdong provincial government has issued the Guangdong Regulation for 
Marine Use Control. Based on the regulation, the government awarded 44 
Certificates of Marine Use and 886 Certificates of Marine Use for Aquatic Culture 
to the official organizations and private enterprises in 1998 ( Guangdong 
Yearbook, 1999 ). SCSEEC of SOA has been given this certificate. The 
government has also issued the Guangdong Integrated Plan for Marine Use and 
Development, the Guangdong Standard for Collecting the Marine Use Tax and 
others. 
 
As for the national standards for marine monitoring, there are two specifications; 
one is the Specification for Marine Monitoring and other is the Specification for 
Oceanographic Survey. In Part 1 ( General rules ) of the Specification for Marine 
Monitoring, it is prescribed that the personnel charged in sampling work are 
required to have passed an examination after taking a special training course. 
Fifty-one members of the SCSEMC have passed and obtained the certificate. Also, 
the laboratory conducting marine monitoring is required to have the Certificate of 
Metrology. SCSEMC has been given a second-grade certificate by Guangdong 
Provincial Bureau of Technical Supervision. 
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The members who are assigned to the work of marine environmental monitoring 
are required to have a Certificate of Technical Specialist, such as for a marine 
geologist, hydrologist, biologist, meteorologist or physicist. The certificates are 
given to the personnel who have passed the examination by SOA. 
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4.3 Technology on Marine Environmental Monitoring 

As described in this Section 4.1 of this chapter, several organizations and 
institutes, such as SCSEMC, the collaborating units of SCSEMC, Guangdong 
administrative organizations, national research centers, and institutes of 
universities, participate in the marine environmental monitoring in the Pearl 
River Estuary. These organizations have enough engineers with sufficient 
experience and ability. Therefore, human resources are adequate to conduct the 
monitoring plan. 
 
However, at present, the engineers’ abilities are not fully utilized because of the 
shortage and deterioration of facilities and equipment, the limited budget, and a 
deficiency of communication with organizations concerned. In addition, although 
individual engineers make efforts to research their own subjects, there is a 
tendency for them not to participate in the other subjects even if the subject is 
closely related to their own subject. Therefore, it should be recognized that 
communication and cooperation between the engineers brings further quality 
analysis on the marine environment. 
 
For example, an engineer who conducts a marine environment observation tends 
not to notice the condition of terrestrial pollutant load sources; a water quality 
analyst does not take part in the evaluation process of the results; and the survey 
results are not compared with the other survey results.  
 
Technical problems on the existing environment monitoring system in the Pearl 
River Estuary are shown below.  
 
1) Personnel abilities in their own subjects are enough to conduct the monitoring 

plan. However, to improve effective monitoring, their potential and motivation 
should be raised by seminars and cooperation with engineers in other subjects. 

 
2) Equipment and facilities, as stated in Chapter II Section 2.4, should be 

managed to minimize their short supply and deterioration. As some 
equipment is very expensive, such as the dioxin analysis equipment or GC/MS, 
plans should be made for such equipment to be used cooperatively with the 
other organizations. 

  
3) Techniques on observation and analysis are plentiful. However, more 

attention should be paid to quality control of the data. In particular, 
significant numbers and S/N ratios should be noticed to maintain the 
reliability of survey results. 

 
4) The most important thing is to promote information exchange and technical 

cooperation. Even in this study, it was also difficult to obtain the data on 
pollutant load from the inland area, which was possessed by other 
organizations, such as Guangdong Environment Protection Bureau, and 
coastal water quality data. These data are indispensable to monitor the 
marine environment comprehensively in the Pearl River Estuary, and to 
utilize the results for the management of the marine area. Therefore, it is 
essential that the monitoring take place under close cooperation with related 
organizations. 
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