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Abstract. Based on the investigation data on Zn in bottom waters in the bay mouth of Jiaozhou Bay 
in May, September and October in 1983, were analyzed the contents and distributions of Zn. 
Results showed that Zn contents in bottom waters in May, September and October in the bay mouth 
of Jiaozhou Bay in 1983 were 1.24-120.66 μg L-1, 6.67-17.78μg L-1 and 4.72-20.44 μg L-1, 
respectively. By means of the disjunction effect, no matter the substances were in the inner side or 
outside of the bay mouth in any marine bays, their contents would be decreasing once the waters 
were passing through the bay mouth. We called this phenomenon as ‘Yang’s phenomenon’. Zn 
contents in May, September and October in the outside of the bay mouth could be considered as 
high, low and moderate, while in the inner side of the bay mouth were all low, which were 
providing strong evidences for disjunction effect of marine bay mouth to Zn. 

Introduction  

Zn is one of the essential elements to organisms, yet the excessive Zn contents are harmful to 
organisms. Zn is also one of the important materials widely used in industry and agriculture, and the 
Zn-containing waste water had caused many environmental problems including the deterioration of 
marine water quality [1-2]. Jiaozhou Bay is a semi-closed bay, which has been polluted by various 
pollutants including Zn due to the rapid development of industrialization and urbanization [1-2]. 
Based on investigation data on Zn in bottom waters in Jiaozhou Bay in 1983, eastern China, this 
paper analyzed the contents, distributions and the disjunction effect of Zn, and provide basis for the 
research on the existence and migration of Zn in marine bay. 

Materials and method 

Jiaozhou Bay (35°55′-36°18′ N, 120°04′-120°23′ E) is located in Shandong Province, eastern China, 
and is surrounding by cities of Qingdao, Jiaozhou and Jiaonan. The bay mouth is connected to the 
Yellow Sea in the south (Fig. 1). The size of the bay is 446 km2, yet the width of the bay mouth is 
only 2.5 km. There were more than ten inflow rivers such as Dagu River, Haibo River, Licun River 
and Loushan River etc., most of which are seasonal rivers whose hydrological characteristics are 
mainly impacted by rainfall [3-4]. The data was provided by North China Sea Environmental 
Monitoring Center. The survey was conducted in May, September and October 1983. Surface and 
bottom water samples in five sampling sites (H34, H35, H36, H37 and H82) were collected and 
measured followed by National Specification for Marine Monitoring [5]. The seasons in study area 
in May, September and October could be considered as spring, summer and autumn, respectively.  
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Results and discussion 

Contents and pollution levels of Zn. Zn contents in bottom waters in May, September and October 
in the bay mouth of Jiaozhou Bay in 1983 were 1.24-120.66 μg L-1, 6.67-17.78μg L-1 and 
4.72-20.44 μg L-1, respectively (Table 1). In according to Guide line of Zn in National Standard of 
China for Seawater Quality (GB3097-1997) (Table 2), the pollution levels of Zn in May, September 
and October were Class I to IV, Class I and Class I to II, respectively (Table 1). The major sources 
of Zn in Jiaozhou Bay were marine current, overland runoff, stream flow, marine traffic and small 
peninsula. Once Zn was inputted to the bay, it was firstly arrived at the surface waters, and then was 
transferred to bottom waters via vertical water’s effect [6]. In generally, the pollution levels of Zn in 
May, September and October could be considered as heavy pollution, moderate pollution and slight 
pollution, respectively. The reason was that there were different pollution sources of Zn in different 
seasons. The major sources of Zn in May was marine current whose source strength was very strong, 
and therefore Zn contents and pollution levels were relative high in May. The major sources in 
September and October were marine terminals and small peninsula in the bay mouth, whose source 
strengths were relative low, so Zn contents and pollution levels were relative low in September and 
October. 
 

Table 1 Pollution level of Zn in May, September and October in Jiaozhou bay 
Time May September October 

Content/μg L-1 1.24-120.66 6.67-17.78 4.72-24.44 
Class I, II, III, IV I I, II 

 
Table 2 Guide line of Zn in National Standard of China for Seawater Quality (GB3097-1997) 

Class I II III IV 
Guide line/μg L-1 20.00 50.00 100.00 500.00 

Horizontal distributions of Zn. Among the five sampling Sites, Site H36 and H37 were located in 
the inner side of the bay mouth, Site H35 was located in the middle of bay mouth, and Site H34 and 
H82 were located in the outside of the bay mouth. In May, a high value region was formed around 
Site H34 (120.66 μg L-1) in the outside of the bay mouth with a series of different gradient parallel 
lines which were decreasing from the high value center to the bay mouth (1.24 μg L-1) along with 
the flow direction of the marine current (Fig. 2). In September, a relative high value region was also 
formed around Site H34 (17.78 μg L-1) in the outside of the bay mouth with a series of different 
gradient parallel lines which were decreasing from the high value center to the bay mouth (6.67 μg 
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L-1) along with the flow direction of the marine current (Fig. 3). In September, a relative high value 
region was also formed around Site H82 (24.44 μg L-1) in the outside of the bay mouth with a series 
of different gradient parallel lines which were decreasing from the high value center to the bay 
mouth (4.72 μg L-1) along with the flow direction of the marine current (Fig. 4). The distributions of 
Zn contents in different seasons were showing that Zn contents were decreasing along with the flow 
direction of the marine current when were passing through the bay mouth. 

 
Fig. 2 Distributions of Zn in bottom waters in Jiaozhou Bay in May 1983/μg L-1 

 
Fig. 3 Distributions of Zn in bottom waters in Jiaozhou Bay in September 1983/μg L-1 

 
Fig. 4 Distributions of Zn in bottom waters in Jiaozhou Bay in October 1983/μg L-1 
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The disjunction effect of marine bay mouth to Zn. In Jiaozhou Bay, the high contents of the 
substances in the bay were tending to be decreasing by means of water exchange [7]. However, how 
about the high contents of the substances outside the bay ? As we known that  Zn contents in 
different seasons were decreasing along with the flow direction of the marine current when were 
passing through the bay mouth. It could be considered that the sedimentation rates of Zn were low 
in the inner side of the bay mouth, yet were high in the outside of the bay mouth, respectively. We 
hold that in Jiaozhou Bay, the Zn contents in the marine current were decreasing when were passing 
through the bay mouth. The bay mouth of Jiaozhou Bay was just like the filter, isolator and sieve, 
which are able to filtrate, isolate and filtrate the substances from the bay to the outside of the bay, in 
spite of the flow rate of the marine current in the bay mouth was much higher than in other areas. 
That was the ‘disjunction effect’. Furthermore, we believed that by means of the disjunction effect, 
no matter the substances were in the inner side or outside of the bay mouth in any marine bays, their 
contents would be decreasing once the waters were passing through the bay mouth.We called this 
phenomenon as ‘Yang’s phenomenon’. 
The evidences of the disjunction effect of marine bay mouth to Zn. The substances in the ocean 
were transporting along with the tide and current. The bay mouth of Jiaozhou Bay was able to 
prevent the high concentration substances from the outside of the bay to the bay, even if the flow 
rate of the marine current in the bay mouth was very high. Hence, there were low value regions in 
the inner side of the bay mouth and high value regions in the outside of the bay mouth (Table 3). Zn 
contents in the inner side of the bay mouth in May, September and October were 1.24-2.13 μg L-1, 
6.67-11.11 μg L-1 and 4.72-11.25 μg L-1, respectively, while in the outside of the bay mouth were 
1.94-120.66 μg L-1, 14.31-17.78 μg L-1 and 11.00-24.44 μg L-1, respectively (Table 3). In generally, 
Zn contents in May, September and October in the outside of the bay mouth could be considered as 
high, low and moderate, while in the inner side of the bay mouth were all low. These were the 
strong evidences of the disjunction effect of marine bay mouth to Zn. The waters could be able to 
arrive at anywhere in the bay, yet the substances could not, due to the disjunction effect of the bay 
mouth.  

Table 3 Zn contents in the inner side and outside of the bay mouth in May, September and October 
in Jiaozhou Bay in 1983/μg L-1 

Region May September October 
Inner side of the bay 

mouth 
1.24-2.13 6.67-11.11 4.72-11.25 

Outside of the bay mouth 1.94-120.66 14.31-17.78 11.00-24.44 

Conclusions 

Zn contents in bottom waters in May, September and October in the bay mouth of Jiaozhou Bay in 
1983 were 1.24-120.66 μg L-1, 6.67-17.78μg L-1 and 4.72-20.44 μg L-1, respectively. The pollution 
levels were relative high in May yet were relative low in September and October. By means of the 
disjunction effect, no matter the substances were in the inner side or outside of the bay mouth in any 
marine bays, their contents would be decreasing once the waters were passing through the bay 
mouth. We called this phenomenon as ‘Yang’s phenomenon’. Finally, the disjunction effect of 
marine bay mouth was proved by the distribution of Zn in bottom waters in May, September and 
October in Jiaozhou Bay. 
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