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Abstract. Based on the investigation data on Pb in waters in 1984, were analyzed the horizontal 
distribution, seasonal variation and settling process of Pb in water in the bay mouth of Jiaozhou Bay, 
eastern China. Results showed that the seasonal variations of Pb contents in surface waters and 
bottom waters were consist, and were in order of summer > autumn. In spatial scale, the migration 
and sedimentation distances of Pb were determined bay Pb contents in waters, and the spatial 
sedimentaion processes could be revealed by the horizontal distributions of Pb. In vertical scale, Pb 
contents in surface and bottom waters were closed in cased of low Pb contents in waters, while in 
case of high Pb contents in waters the differences of Pb contents in surface and bottom waters were 
relative high. In generally, the seasonal variations and vertical distributions of Pb in waters were 
indicating the horizontal water’s effect and vetical water’s effect, and were reveal the horizontal 
migration and horizontal sedimentation processes of Pb. 

Introduction 
A large amount of Pb-containing wastes were generated from industries of metallurgical, salt 

electrolysis, appliance industry etc., as well as automobile exhaust, coal electricity plant, etc., and 
the marine bay could be polluted by Pb by means of river flow and atmosphere deposition [1-6]. 
Hence, it is necessary to understand the migration processes of Pb in marine bay.  

Jiaozhou Bay is a semi-closed bay located in Shandong province, eastern China, and had been 
polluted by various pollutants including Pb [1-6]. This paper analyzed the contents, seasonal 
variations, vertical and horizontal distributions of Pb based on investigation dada on Pb in Jiaozhou 
Bay, and tried to provide scientific background and basis for provide basis for Pb pollution control 
and environmental remediation. 

Material and method 
Jiaozhou Bay (35°55′-36°18′ N, 120°04′-120°23′ E) is a semi-closed bay located in the south of 

Shandong Province, eastern China (Fig. 1). The total area, average water depth and bay mouth 
depth 446 km2, 7m and 3 km, respectively. This bay was arounded by Qingdao City, Jiaozhou City 
and Jiaonan City in the east, north and west, respecitively, and was connected to Yellow Sea in the 
south. The bay has more than ten inflow rivers, including Haibo Rriver, Licun Rriver and Loushan 
Rriver etc., all of which have seasonal features [7-8].   

The data was provided by North China Sea Environmental Monitoring Center. The survey was 
conducted in July and October 1984. Pb in surface waters in six sampling sties (Site 2031, Site 2032 
and Site 2033) (Fig. 1) were sampled and monitored follow by National Specification for Marine 
Monitoring [9]. 
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Fig.1 Investigation sites in Jiaozhou Bay 

Results 
Seasonal variations of Pb. Pb contents in surface waters in July and October in the bay mouth 

of Jiaozhou Bay in 1984 were 9.34-36.00 μg L-1 and 0.80-1.24 μg L-1, respectively, while in bottom 
waters were 7.15-17.34 μg L-1 and 1.33-2.25 μg L-1, respectively. July and October could be defined 
as summer and autumn in study area. Hence, Pb contents in surface waters and bottom waters were 
consist and were in orders of summer > autumn. Meanwhile, it could be found that Pb contents in 
bottom waters were higher (or lower) in case of higher (or lower) Pb contents in surface waters. 

Hozizontal distributions of Pb. Among the three sampling Sites, Site 2033 was located in the 
inside of the bay mouth, Site 2032 was located in the middle of bay mouth, and Site 2031 was 
located in the ouside of the bay mouth. In July, Pb contents in surface waters were decreasing from 
the inside to the outside of the bay mouth, while in bottom waters were increasing from the inside to 
the outside of the bay mouth. In October, Pb contents in surface waters were increasing from the 
inside to the outside of the bay mouth, while in bottom waters were decreasing from the inside to 
the outside of the bay mouth.  

Vertical variations of Pb. In order to reveal the vertical variations of Pb, the contents in 
surface waters in the three sampling sites were subtracted by which in bottom waters. For the whole 
year, the subtraction of Pb contents in surface from which in bottom waters ranged from 
-8.00-28.71 μg L-1. In July, the differences were ranging from -0.80 to 28.71 μg L-1, while in 
October were -1.45 to -0.09 μg L-1 (Table 1). The differences in two of the theree sampling Sites 
were positive in July, while both two Sites were negative (Table 1). 

Table 1 Results of subtracting Pd contents in surface waters from which in bottoms in the three sampling 
sites in July and October 1984 

Month Site 2031 Site 2032 Site 2033 
July Negative Positive Positive 

October Negative Negative  
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Discussion 
Settling process of Pb. Pb contents in waters were changing a lot once were transferring across 

water body by means of veritical water’s effect. In summer, the activities of zooplankton and 
phytoplankton were increasing, which were able to enhencing the adsorption capacity of suspended 
particulate matters due to the large production of colloid [8]. A large amount of Pb was absorbing 
and settling to the sea bottom under the force of gravity and current[1-6]. Hence, the migration 
processes of Pb were the contious sedimentaion of Pb from surface waters to bottom waters.  

Seasonal variations of Pb. Pb contents in both surface and bottom waters in July and October 
were in orders of summer > autumn. The reason was that river flow from adjacent regions of 
Jiaozhou Bay was the major Pb source, whose source strength was relative high in summer, and was 
relative low in autumn. By means of vertical water’s effect [10] and Pb contents in waters, the 
sedimentaion of Pb was higher in summer than in autumn, and Pb contents in bottom waters were 
higher in summer than in autumn. It could be further concluded that Pb contents in bottom waters 
were determined by which in surface waters. 

Spatial variations of Pb. Pb in Jiaozou Bay was mainly sources from river flow, whose source 
strength was more strong in summer than in autumn. In July, the source strength of Pb was relative 
high and Pb in surface waters were decreasing from the inside of the bay mouth to the outside of the 
bay mouth. However, the sedimentation of Pb was also stronger in July, and a large amount of Pb 
could be transferred to the bay mouth and the outside of the bay mouth via water exchange. Hence, 
Pb in bottom waters were increasing from the inside of the bay mouth to the outside of the bay 
mouth along with the flow direction. The source strength of Pb in October was relative low in 
October, and was even lower than the background pollution level of Pb in marine current. Hence, 
Pb in surface waters was decreasing from the inside of the bay mouth to the outside of the bay 
mouth. However, due to the sedimentaion of Pb, a big part of Pb was settled and accumulated in 
bottom waters, and Pb in bottom waters were increasing from the inside of the bay mouth to the 
outside of the bay mouth. In case of low Pb contents, the loss of Pb was little. In case of high Pb 
contents, the loss of Pb was 1.33 μg L-1 - 0.80 μg L-1 to 36.00 μg L-1 - 17.34 μg L-1, that was 0.53 μg 
L-1 to 18.66 μg L-1.  In generally, the impact distances and horizontal distributions of the pollution 
source of Pb were determined by the source strengths, and the spatial varations of Pb were 
determined by the pollution strengths and the vertical water’s effect. 

The regional variations of Pb. The subtrations of Pb contents in surface waters from which in 
bottom waters were changing along with time in different seasons. Once Pb was inputted to the bay, 
Pb was originally arrived at the surface waters, and than was settling to the bottom waters rapidly 
and continously. Hence, the exist and distributions of Pb contents in botom surface and bottom 
waters were also changing. In July, the source strength of Pb to the bay was relative high, and in 
input of Pb to the bay was also very high. Pb contents in surface waters in the bay were higher than 
in bottom waters. However, the big part of Pb had not been transferred to the bay mouth yet in July, 
and Pb contents in surface waters in regions in the outside of the bay mouth were still lower than in 
bottom waters. In October, both the source strength and input of Pb were relative low, yet and 
sedimentation and accumulation of Pb were continous with time, and Pb contents in surface waters 
in regions in the inside, middle and outside of the bay mouth were lower than in bottom waters. The 
regional variations of Pb in Jiaozhou Bay were similar with PCH, which could be confirmed by the 
block diagram model [11-12]. 

Conclusion 
Pb contents in surface waters and bottom waters were consist in the bay mouth of Jiaozhou Bay 

in 1984 and were in orders of summer > autumn. Pb contents in bottom waters were determined by 
which in surface waters. In spatial scale, the impact distances and horizontal distributions of the 
pollution source of Pb were determined by the source strengths, and the spatial varations of Pb were 
determined by the pollution strengths and the vertical water’s effect. In variation scale, the 
variations of Pb contents in surface and bottom waters in the bay mouth in July and October were 
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consist, which was determined by the rapid and continous sedimentation of Pb. In vertical scale, the 
loss of Pb was little in case of low Pb contents, while was very big in case of high Pb contents, 
indicated that Pb in surface waters could be removed by water boty rapidly, and there were 
inconsistencies of Pb in surface and bottom waters. In regional scale, in summer, a large amount of 
Pb in this bay was inputed from river flow, and Pb contents in surface waters were higher than in 
bottom waters in the inside of the bay mouth, yet were reverse in regions in the outside of the bay 
mouth. In autumn, the input of Pb was little, yet and sedimentation of Pb was continous, and Pb 
contents in surface waters in regions in the middle and outside of the bay mouth were lower than in 
bottom waters. Both seasonal variation and spatial migration of Pb in Jiaozhou Bay were 
determined by both vertical water’s effect and horizontal water’s effect. 
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