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Abstract: This paper analyzed the sources and migration paths of Petroleum hydrocarbon (PHC) in 
Jiaozhou Bay in 1987. Results showed that PHC contents in May, July and November 1987 in 
surface waters in Jiaozhou Bay were 0.014-0.060 mg L-1, 0.016-0.066 mg L-1 and 0.030-0.091 mg 
L-1, respectively. The pollution levels of PHC in this bay were still slight in 1987. The major PHC 
sources in Jiaozhou Bay in 1987 were river flow and oil port, whose source strengths were 0.066 
mg L-1 and 0.060-0.091 mg L-1, respectively. The migration paths of PHC from different sources 
were also different since the source strengths and geographic locations of these sources were 
different. In general, different countermeasures should be provided to different sources of PHC. 

1. Introduction 
With the rapid development of economic and growth of population, the production and 

consumption of PHC in China were increasing rapidly in the past three decades. A large amount of 
PHC containing wastes was generated and discharged to the environment, and many marine bays 
have been polluted by PHC since the ocean was the sink of various pollutants [1-6]. Hence, 
understanding the sources and migration paths of PHC in marine bay is essential for marine 
environmental protection. Jiaozhou Bay is a semi-closed bay located in south of Shandong 
Peninsula, eastern China, which has been polluted by many pollutants including PHC after 1980s 
[7-11]. The aim of this paper was to analyze the sources and migration paths PHC in this bay, and 
provide scientific basis for pollution control and ecosystem protection. 

2. Material and method 

 
Fig.1 Geographic location and monitoring sites in Jiaozhou Bay 

Jiaozhou Bay (120°04′-120°23′ E, 35°55′-36°18′ N) is located in the south of Shandong Province, 
eastern China (Fig. 1). It is a semi-closed bay with the total area, average water depth and bay 
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mouth width of 446 km2, 7 m and 3 km, respectively. There are more than ten inflow rivers such as 
Haibo River, Licun River, Dagu River, and Loushan River [12-13]. The data were provided by 
North China Sea Environmental Monitoring Center. The survey was conducted in May, July and 
November 1987. Surface water samples in six stations (i.e. 2031, 2032, 2033, 2034, 2035 and 2047) 
were collected and measured followed by National Specification for Marine Monitoring [14]. 

3. Results and discussion 
3.1 Horizontal distributions of PHC 

The contents of PHC in May, July and November 1987 in surface waters in Jiaozhou Bay were 
0.014-0.060 mg L-1, 0.016-0.066 mg L-1 and 0.030-0.091 mg L-1, respectively. In May 1987, high 
value (0.060 mg L-1) of PHC contents occurred in Site 2032 in coastal waters in the southwest of 
bay, and PHC contents were decreasing from the high value center to the bay mouth (0.014 mg L-1) 
(Fig. 2). In July 1987, high value (0.066 mg L-1) of PHC contents occurred in Site 2047 in the 
estuary of Loushan River in the northeast of the bay, and PHC contents were reducing from the high 
value center to center of the bay (0.046 mg L-1), the bay mouth (0.046 mg L-1), and the open 
waters (0.016 mg L-1) (Fig. 3). In November 1987, high value (0.091 mg L-1) of PHC contents was 
occurring in Site 2033 in coastal waters in the southwest of bay, and PHC contents were decreasing 
from the high value center to northeast of the bay (0.031 mg L-1), the bay mouth (0.048 mg L-1), 
and the open waters (0.038 mg L-1) (Fig. 4).  

 
Fig. 2 Horizontal distributions of PHC in Jiaozhou Bay in May 1987/mg L-1 

 

Fig. 3 Horizontal distributions of PHC in Jiaozhou Bay in July 1987/mg L-1 
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Fig. 4 Horizontal distributions of PHC in Jiaozhou Bay in November 1987/mg L-1 

3.2 Pollution levels of PHC  
According to the horizontal distributions and the guidelines of Grade I/II (0.05 mg L-1) and 

Grade III (0.30 mg L-1) in Chinese Sea Water Quality Standard (GB 3097-1997) for PHC, the 
pollution levels of PHC in Jiaozhou Bay were showing spatial variations. In May 1987, the PHC 
contents in coastal waters in the southwest of the bay could be as high as 0.060 mg L-1, indicating 
that the pollution level was Grade III in this region. However, PHC contents in other regions in May 
1987 were lower than 0.05 mg L-1, suggesting that the pollution level was Grade I/II in these 
regions. In July 1987, the PHC contents in estuary of the Licun river in the northeast of the bay 
could be as high as 0.066 mg L-1, indicating that the pollution level was Grade III in this region. 
However, PHC contents in other regions in July 1987 were lower than 0.05 mg L-1, indicating that 
the pollution level was Grade I/II in these regions. In November 1987, the PHC contents in coastal 
waters in the southwest of the bay could be as high as 0.091 mg L-1, showing that the pollution 
level was Grade III in this region. However, PHC contents in other regions in November 1987 were 
lower than 0.05 mg L-1, showing that the pollution level was Grade I/II in these regions.  
Generally, the pollution levels of PHC in this bay were still slight in this bay in 1987.  

3.3 Sources and migration paths of PHC 
In May and November 1987, high values of PHC contents was occurring in Site 2032 and 2033 

in coastal waters in the southwest of bay, in which there was a large oil port (Fig. 2 and Fig. 4). In 
July 1987, high value of PHC contents was occurring in Site 2047 in the estuary of Loushan River 
in the northeast of the bay (Fig. 3), indicating that river flow was also one of the major PHC sources. 
In general, the major PHC sources in Jiaozhou Bay in 1987 were river flow and oil port, whose 
source strengths were 0.066 mg L-1 and 0.060-0.091 mg L-1, respectively. A part of PHC could be 
discharged to the environment during the transport and storage processes, causing the high value 
region in the coastal waters in the southwest of the bay, and PHC could be transported and diluted 
along with the marine current to the northeast of the bay, the bay mouth, and the open waters (Fig. 
5). Rivers were major channels of various pollutants from land to ocean, a lot of PHC was 
discharged to the rivers directly and was transported to the bay finally. Hence, high value region 
could occur in estuaries of the major rivers in the northeast of the bay, and PHC could be 
transported and diluted along with the marine current to the center of the bay, the bay mouth, and 
the open waters (Fig. 6). In a word, the migration paths of PHC from different sources were also 
different since the source strengths and geographic locations of these sources were different.   
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Fig. 5 Migration path of oil port sourced PHC in Jiaozhou Bay/mg L-1 

 
Fig. 6 Migration path of river flow sourced PHC in Jiaozhou Bay/mg L-1 

4. Conclusions   
The contents of PHC in May, July and November 1987 in surface waters in Jiaozhou Bay were 

0.014-0.060 mg L-1, 0.016-0.066 mg L-1 and 0.030-0.091 mg L-1, respectively. The pollution 
levels of PHC in this bay were still slight in 1987. The major PHC sources in Jiaozhou Bay in 1987 
were river flow and oil port, whose source strengths were 0.066 mg L-1 and 0.060-0.091 mg L-1, 
respectively. The migration paths of PHC from different sources were also different since the 
source strengths and geographic locations of these sources were different. For pollution control 
practice, different countermeasures should be provided to different sources of PHC. 
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