
 

The back and forth transformation between homogeneity and heterogeneity of 
Cd in marine bay 

Dongfang Yang1, 2, a, Haixia Li1, Longlei Zhang1, Jiangmin Li1, Nan Nan1   
1Accountancy Shool, Xijing University, Xian 710123, China; 

2North China Sea Environmental Monitoring Center, SOA, Qingdao 266033, China. 
adfyang_dfyang@126.com. 

Keywords: Cd; Transformation; Mechanism; Homogeneity; Jiaozhou Bay. 

Abstract: Cd pollution in marine bay is one of the critical environmental issues, and therefore 
understanding the distribution characteristics of Cd is essential to environmental conservation. It 
has been found in previous studies that the distribution of pollutants in marine bay has feature of 
homogeneity, and this paper tried to analyze the mechanism of Cd’s homogeneity based on 
investigation data in Jiaozhou Bay, eastern China. Results showed that the distributions of Cd 
contents in marine bay could be transformed between homogeneity and heterogeneity. In case of 
little or small Cd input to the bay, the distribution of Cr was homogeneity. While in case of large 
input, the distribution was heterogeneity. In generally, the heterogeneity was determined by Cd 
input, while the homogeneity was determined by tide and marine current. 

1. Introduction 
Many marine bays have been polluted along with the rapid increasing of economic and 

population [1-2]. Understanding the distribution characteristics of Cd is essential to environmental 
conservation [3-4]. Cd pollution in marine bays is one of the critical environmental issues since Cd 
has been widely used in industry and agriculture [5-6]. Jiaozhou Bay is a semi-closed bay in 
Shandong Province, eastern China. This paper analyzed the mechanism of Cd’s homogeneity based 
on investigation data in Jiaozhou Bay in different seasons in 1979. It was found that the distribution 
of Cr was homogeneity in case of little or small Cd input to the bay, while in case of large inputthe 
distribution was heterogeneity. The heterogeneity was determined by Cd input, while the 
homogeneity was determined by tide and marine current. These findings provided basis for 
pollution control and environmental remediation in marine bays. 

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), with the total area, average water depth and bay mouth width of 446 km2, 7 m 
and 3 km, respectively. This bay is a typical of semi-closed bay 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 seasonal rivers [3-4]. The investigation on Cd in Jiaozhou Bay was 
carried on in May, August and November 1979 in eight investigation sites (i.e., H34, H35, H36, 
H37, H38, H39, H40, H41) (Fig. 1). Pb in waters was sampled and monitored follow by National 
Specification for Marine Monitoring [7]. 

2nd International Conference on Machinery, Electronics and Control Simulation (MECS 2017)

Copyright © 2017, the Authors. Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 

Advances in Engineering Research, volume 138

847



 

 
Fig. 1 Geographic location and sampling sites in Jiaozhou Bay 

3. Results 
3.1 Distributions of Cd.  

In May 1979, the highest Cd content (0.07μg L-1) was in H38 and H39 in coastal waters in the 
estuary of Licun River (Fig. 2a). The high value region was in coastal waters in the northeast of the 
bay, and Cd contents were forming a series of semi-circles which were decreasing from the north to 
the south of the bay (0.04μg L-1) (Fig. 2a). In August 1979, the highest Cd content (0.85μg L-1) was 
in H38 in coastal waters between the estuaries of Licun River and Haibo River (Fig. 2b). The high 
value region was in coastal waters in the east of the bay, and Cd contents were forming a series of 
semi-circles which were decreasing from the high value center to waters around (0.01μg L-1) (Fig. 
2b). In November 1979, the highest Cd content (0.25μg L-1) was in H34 in open waters outside the 
bay mouth (Fig. 2c). The high value region was in open waters, and Cd contents were forming a 
series of parallel lines which were decreasing from the open waters to the coastal waters in the east 
of the bay (0.02μg L-1) (Fig. 2c). 

3.2 Inputs of Cd.  
The major Cd source in Jiaozhou Bay is stream flow. In according to the spatial distribution of 

Cd (Fig. 2), it could be found that the contents of Cd in May, August and November 1979 were 
0.04-0.07μg L-1, 0.01-0.85μg L-1 and 0.02-0.04μg L-1, respectively, and the source strengths of Cd 
in May, August and November 1979 were 0.07μg L-1, 0.85μg L-1 and 0.00μg L-1, respectively, and 
the variation ranges of Cd content in May, August and November 1979 were 0.03μg L-1, 0.84μg L-1 
and 0.02μg L-1, respectively. The input of Cd was small in May, and was high in August, and was 
little in November.  
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Fig. 2 Horizontal distribution of Cd in Surface waters in Jiaozhou Bay in a) May, b) August and   

c) November1979/μg L-1 

4. Discussion 
4.1 Homogeneity of distributions of substances.  

All of the substances in the ocean are stirring and transporting by marine current and tide, 
resulting in the well-distributed of their contents [8]. Tide is the major force in coastal waters, while 
in the open sea marine current is responsible, as well as the the assistant of storm and earthquake 
[9-11]. Hence, the ocean makes all of the substances being homogeneity well-distributed as time 
passes by, and the ocean has the feature of homogeneity.  

4.2 Homogeneity and heterogeneity of distributions of Cd.  
Cd contents in May 1979 were 0.04-0.07 μg L-1, with a small variation of 0.03 μg L-1 (Fig. 2a), 

indicating feature of homogeneity. The input of Cd from stream flow was very small in May 1979, 
and there was a relative high value region in estuary of Licun River, while in other locations the Cd 
contents were very low and well-distributed (0.02-0.04 μg L-1). Cd contents in August 1979 were 
0.01-0.85 μg L-1, with a big variation of 0.84 μg L-1, indicating that distribution of Cd (Fig. 2b) had 
feature of heterogeneity. The input of Cd from stream flow was very high in August 1979, and the 
distributions of Cd were nonuniform distributed in generally. Cd contents in November 1979 were 
0.02-0.04 μg L-1, with a very variation of 0.02 μg L-1, indicating that distribution of Cd (Fig.2c) had 
feature of homogeneity. The input of Cd from stream flow was little in November 1979, and the 
distributions of Cd were well-distributed in generally.  

4.3 Transformation mechanism of homogeneity and heterogeneity of distributions of Cd.  
In generally, the high value of Cd in Jiaozhou Bay was mainly determined by the inputs of 
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stream flow. In according to the spatial-temporal distributions of Cd in different seasons, it could be 
found that Cd’s horizontal distribution in marine bay could be transformed between homogeneity 
and heterogeneity. In case of little or small Cd input to the bay (May 1979 of November 1979), the 
distribution of Cr was homogeneity. While in case of large input, the distribution was heterogeneity 
(August 1979). In generally, the heterogeneity was determined by Cd input, while the homogeneity 
was determined by tide and marine current. 

5. Conclusions 
By means of the analysis of the horizontal distributions of Cd contents in different seasons in 

Jiaozhou Bay, it was found that the distributions of had features of both homogeneity and 
heterogeneity that could be transformed. The transformation mechanism was further revealed. The 
distribution of Cr was homogeneity in case of little or small Cd input to the bay, yet was 
heterogeneity in case of large input. The heterogeneity was determined by Cd input, while the 
homogeneity was determined by tide and marine current. 
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