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Abstract 

This paper analyzed that seasonal variations and horizontal distributions of Pb contents in 
surface and bottom waters in Jiaozhou Bay in 1988, and tried to reveal the impact of marine 
current on the horizontal distributions. Results showed that Pb contents in surface and 
bottom waters were in order of spring < summer. The horizontal distributions of Pb 
contents in surface and bottom waters were consistent in spring, yet were reverse in 
summer. The seasonal variations of Pb contents in surface waters were determined by the 
changes of source input and marine current, while in bottom waters were determined by the 
changes of vertical water’s accumulation effect and dilution effect. In case of the source 
input was closed to marine current, the horizontal distributions of Pb contents in surface 
and bottom waters were consistent. In case of the source input was far from marine current, 
the horizontal distributions of Pb contents in surface and bottom waters were reverse. 
Marine determined strongly on horizontal distributions of Pb contents. 
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1. Introduction  

Understanding the migration process of pollutants in marine bays is essential to pollution control [1-2]. 

The excessive of Pb contents in the environment is harmful to ecosystem and human beings, and Pb 

pollution in marine bays has been one of the serious environmental problems [3-4]. Pb in marine bays 

could be sourced from both point and diffuse sources, and would be transported to sea bottom by 

means of vertical migration, one of the key migration process of pollutants in marine bays [5-6]. 

Jiaozhou Bay is a semi-closed bay located in Shandong Province, China. This paper analyzed that 

seasonal variations and horizontal distributions of Pb contents in surface and bottom waters in Jiaozhou 

Bay in 1988, and tried to reveal the impact of marine current on the horizontal distributions. The aim of 

this paper was to better understand the vertical migration process of pollutants in marine bay. 

2. Study area and data collection  

Jiaozhou Bay is located in the south of Shandong Province, eastern China (35°55′-36°18′ N, 

120°04′-120°23′ E). The total area and average water depth are 446 km2 and 7 m, respectively. The 

bay mouth is very narrow (3 km), and is connected to the Yellow Sea in the south. There are a dozen 

of rivers including Dagu River, Haibo Rriver, Licun Rriver, and Loushan Rriver etc., all of which are 
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seasonal rivers [7-8]. The investigation on Pb in bottom waters in Jiaozhou Bay was carried on in April 

and July 1988 in six monitoring sites (i.e., Site 34, Site 35 and Site 36) (Fig. 1). Pb in bottom waters 

was sampled and monitored follow by National Specification for Marine Monitoring [9]. 

 
Fig. 1 Geographic location and sampling sites of Jiaozhou Bay 

3. Results 

Contents and pollution levels of Pb. Pb contents in surface waters in Jiaozhou Bay in April and July 

1988 were 5.52-24.61 μg L-1 and 7.66-38.62 μg L-1, respectively, while in bottom waters were 

1.49-18.53 μg L-1 and 12.68-27.64 μg L-1, respectively. In according to Guidelines for Pb in Sea 

Water Quality Standard (GB3097-1997) (Table 1), the pollution level of Pb in surface waters and 

bottom waters in April were ranging from Class III to Class IV.  The pollution level of Pb in surface 

waters in July were ranging from Class IIto Class IV, while in bottom waters were ranging from Class 

III to Class IV. In general, the pollution levels of Pb in bottom waters in 1988 was moderate to heavy.  

Table 1 Guidelines for Pb in Sea Water Quality Standard (GB3097-1997) 

Class I II III IV 

Pb content/μg L-1 1.0 5.0 10.0 50.0 

Horizontal distributions of Pb. In April 1988, Pb contents in surface waters were decreasing from the 

inner of the bay (Site 34) to the open waters (Site 35), while in bottom waters were increasing from the 

inner of the bay to the open waters. In July 1988, Pb contents in surface and bottom waters were all 

decreasing from open waters (Site 35) to the inner of the bay (Site 34). It could be found that the 

horizontal distributions of Pb contents in surface and bottom waters were consistent in April, yet were 

reverse in July.  

4. Discussion 

Settling process of Pb. Pb contents in waters were changing while were passing water body from 

surface waters to bottom waters by means of vertical water’s effect [10-12]. The growth and 

reproduction of marine phytoplankton were increasing rapidly in summer, resulting in a lot of colloids 
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in waters, and the absorption ability of suspended particular matters in waters was enhancing [8]. 

Hence, a big part of Pb contents were absorbed to the suspended particular matters and transported to 

sea bottom continuously. In general, Pb contents in bottom waters would be relative low/high in case 

of Pb contents in surface waters were relative low/high.  

Seasonal variations of Pb. In study area, April and July belong to spring and summer, respectively. The 

major Pb source in Jiaozhou Bay in spring was atmospheric deposition, whose source strength was 

relative weak, resulted in relative low Pb contents in surface waters. The major Pb source in Jiaozhou 

Bay in summer was marine current, whose source strength was relative strong, resulted in relative high 

Pb contents in surface waters. Hence, for seasonal variation, Pb contents in surface waters were in 

order of spring < summer. By means of vertical water’s effect, (i.e., accumulation effect and dilution 

effect) [10-12], Pb contents were transported from surface waters to bottom waters, and were 

accumulating/diluting in case of Pb contents in surface waters were low/high. In generally, Pb contents 

in bottom waters would be relative low/high if Pb contents in surface waters were relative low/high.  

Impact of marine current. Atmospheric deposition was the major Pb sources in April 1988, and the 

location of the source input was the center of the bay. Hence, Pb contents in surface waters were 

decreasing from the inner of the bay to the open waters. However, and flow direction of marine current 

was from the open waters to the inner of the bay, and the flow rate was very high in the bay mouth, 

resulted in the reverse horizontal distributions of Pb contents in surface and bottom waters. Marine 

current was the major Pb sources in July 1988, and the location of the source input was the open waters. 

Hence, Pb contents in surface waters were decreasing from the open waters to the inner of the bay. 

Since flow direction of marine current was from the open waters to the inner of the bay, and the flow 

rate was very high in the bay mouth, resulted in the consistent horizontal distributions of Pb contents in 

surface and bottom waters. Once the source input was closed to marine current, the horizontal 

distributions of Pb contents in surface and bottom waters were consistent. Once the source input was 

far from marine current, the horizontal distributions of Pb contents in surface and bottom waters were 

reverse. It could be found that marine determined strongly on horizontal distributions of Pb contents.  

5. Conclusion 

Pb contents in surface and bottom waters were in order of spring < summer. By means of vertical 

water’s effect, Pb contents were transported from surface waters to bottom waters, and were 

accumulating/diluting in case of Pb contents in surface waters were low/high, and Pb contents in 

bottom waters would be relative low/high if Pb contents in surface waters were relative low/high in 

generally.  

The horizontal distributions of Pb contents in surface and bottom waters were consistent in spring, yet 

were reverse in summer. Marine determined strongly on horizontal distributions of Pb contents. In case 

of the source input was closed to marine current, the horizontal distributions of Pb contents in surface 

and bottom waters were consistent. In case of the source input was far from marine current, the 

horizontal distributions of Pb contents in surface and bottom waters were reverse.  
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