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Abstract: This paper analyzed the content, spatial distribution, vertical and temporal 
variation of Cd in Jiaozhou Bay, eastern China in 1979. Results showed that the 
horizontal distributions of Cd in surface and bottom waters were consistent in May and 
August 1979, while in November 1979 was different. The reason was that Cd contents 
in surface waters were very low, yet a big part of Cd was transported to bottom waters 
by means of gravity and marine current, resulting in the horizontal distributions of Cd 
in surface and bottom waters were consistent or reverse. In May 1979, there was a few 
loss in case of the relative high Cd contents in surface waters, and there was a few 
accumulation in case of the relative low Cd contents in surface waters. In August 1979, 
there was a few accumulation in case of low or high Cd contents in surface waters. In 
November 1979, there was a few low in case of low or high Cd contents in surface 
waters. In generally, by means of vertical and horizontal water’s effect, the 
accumulation and loss of Cd were both a few never mind high or low Cd in surface 
waters, resulting in the consistent of Cd contents in surface and bottom waters. The 
dynamic change process of sedimentation of Cd was fully reveal the migration process 
and change trend of Cd along with the spatial-temporal variation and the 
transformation of sources. 
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1. Introduction  
 
Cd is one of the widely used heavy metal elements in industries. A large amount of 
anthropogenic Cd-containing wastes were generated and discharged to the 
environment along with the increase of economic and population. Hence, Cd pollution 
has been one of the critical environmental issues due to the excessive Cd was harmful 
to organism. Nowadays, many marine bays were polluted by Cd [1-10]. Therefore, 
understanding of the environmental behavior of Cd in marine bay is essential to 
environmental protection. 

Jiaozhou Bay is a semi-closed bay located in Shandong Province, eastern China. 
Based on investigation data in May, August and November 1979, the aim of this paper 
was to analyze the horizontal distribution, variation range and vertical change of Cd, to 
reveal the sedimentation mechanism, water body’s effect and the loss and 
accumulation of vertical change, to reveal the dynamic changes of sedimentation 
process, and to provide scientific basis for pollution control and scientific research. 

 
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 and average water depth of 
446 km2 and 7 m, respectively. This bay is a typical of semi-closed bay connected to the 
Yellow Sea in the south, with a bay mouth with of 3 km. There are a dozen of rivers 
including Dagu River, Haibo Rriver, Licun Rriver, and Loushan Rriver etc., all of which 
are seasonal rivers [11-12]. The investigation on Cd in surface and bottom waters in 
Jiaozhou Bay was carried on in May, August and November 1979 in three sites (i.e., 
H34, H35, H36) (Fig. 1). Pb in waters was sampled and monitored follow by National 
Specification for Marine Monitoring [13]. 
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Fig. 1 Geographic location and sampling sites in Jiaozhou Bay 

 
3. Results  

 
3.1 Distribution of Cd 

 
The sampling sites of H36, H35 and H34 were located in the inside, middle and outside 
of the bay mouth, respectively (Fig. 1). In May 1979, Cd contents in surface waters 
were decreasing from the outside of the bay mouth (0.06 μg L-1) to the inside of the 
bay mouth (0.05 μg L-1) , while in bottom waters were increasing from the outside of 
the bay mouth (0.03 μg L-1) to the inside of the bay mouth (0.05μg L-1). In August 1979, 
Cd contents in surface waters were decreasing from the outside of the bay mouth (0.06 
μg L-1) to the inside of the bay mouth (0.03 μg L-1) , while in bottom waters were 
increasing from the outside of the bay mouth (0.03 μg L-1) to the inside of the bay 
mouth (0.09 μg L-1). In November 1979, Cd contents in surface waters were increasing 
from the outside of the bay mouth (0.25 μg L-1) to the inside of the bay mouth (0.023 
μg L-1) , while in bottom waters were constant as 0.02 μg L-1. Hence, the horizontal 
distributions of Cd in surface and bottom waters were consistent in May and August 
1979, yet was different in November 1979. 
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3.2 Variation range of Cd 
 

In May 1979, Cd contents in surface and bottom waters were 0.05-0.06 μg L-1 and 
0.03-0.07 μg L-1, respectively, indicating that the variation ranges in surface waters 
were smaller than in bottom waters, yet were basically closed. In August 1979, Cd 
contents in surface and bottom waters were 0.01-0.06 μg L-1 and 0.03-0.09 μg L-1, 
respectively, indicating that the variation ranges in surface waters were smaller than in 
bottom waters, yet were basically closed. In November 1979, Cd contents in surface 
and bottom waters were 0.02-0.25 μg L-1 and 0.01-0.02 μg L-1, respectively, indicating 
that the variation ranges in surface waters were bigger than in bottom waters and were 
different. 

 
3.3 Vertical change of Cd 

 
For each sampling site, Cd content in surface water was subtracted by which in bottom 
waters, and the results (i.e. positive, negative, zero) were listed in Table 1. In May 
1979, the subtractions were ranging from -0.02-0.03μg L-1, and were negative, zero 
and positive in H36, H35 and H34, respectively, indicating that the contents in surface 
and bottom waters were closed. In August 1979, the subtractions were ranging from 
-0.08- 0.03μg L-1, and were negative, negative and positive in H36, H35 and H34, 
respectively indicating that the contents in surface and bottom waters were closed. In 
November 1979, the subtractions were ranging from 0.00-0.03μg L-1, and were 
positive, zero and positive in H36, H35 and H34, respectively indicating that the 
contents in surface and bottom waters were closed. 
 
Table 1 The subtractions of Cd contents between surface waters and bottom waters in 

each sampling sites 
 

Month H36 H35 H34 
May Negative Zero Positive 

August Negative Negative Positive 
November Positive Zero Positive 
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4. Discussions  
 

4.1 Sedimentation mechanism 
 

Cd contents in bay waters were changed a lot once had transferred through water body 
by means of vertical water’s effect [14-15]. Cd in waters could be combined with 
zooplankton, phytoplankton, and suspended particulate matter, this feature has strong 
influence on the vertical migration process of Cd. The growth and reproduction of 
marine organism were increasing in summer [2], and a large amount of colloids were 
forming in the surfaces of the suspended particulate matters, leading to the increase of 
the absorption of Cd, as well as the increase of sedimentation by means of gravity and 
marine current [1-10]. That was the sedimentation mechanism of Cd. The horizontal 
distributions of Cd in surface and bottom waters were consistent in May and August 
1979,  while in November 1979 was different. The reason was that Cd contents in 
surface waters were very low, yet a big part of Cd was transported to bottom waters by 
means of gravity and marine current, resulting in the horizontal distributions of Cd in 
surface and bottom waters were consistent or reverse. 

 
4.2 Water’s effect 

 
In according to vertical water’s effect and horizontal water’s effect [14-15], the 
accumulation effect and dilution effect could be defined by the variations of Cd in 
surface and bottom waters. In May 1979, Cd contents in surface waters (0.05-0.06 μg 
L-1) were smaller than in bottom waters (0.03-0.07 μg L-1), indicated that there was 
dilution effect in bottom waters in case of low Cd contents in surface waters, and there 
was accumulation effect in bottom waters in case of high Cd contents in surface waters. 
In August 1979, Cd contents in surface waters (0.01-0.06 μg L-1) were smaller than in 
bottom waters (0.03-0.09 μg L-1), indicated that there was accumulation effect in 
bottom waters in case of low or Cd contents in surface waters. In November 1979, Cd 
contents in surface waters (0.02-0.25 μg L-1) were higher than in bottom waters 
(0.01-0.02 μg L-1), indicated that there was dilution effect in bottom waters in case of 
high or low Cd contents in surface waters. Therefore, there were both accumulation 
effect and dilution effect in May. However, there was only accumulation effect in 
August, and only dilution effect in November. 
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4.3 Loss and accumulation 
 

At vertical scale, there was little loss of Cd content yet was a few accumulation by 
vertical and horizontal water’s effect [11-12]. In May 1979, the loss of Cd content was 
0.06-0.07-0.05-0.03=-0.01-0.02 μg L-1. In August 1979, the loss of Cd content was 
0.06-0.09-0.01-0.03=-0.03--0.02 μg L-1. In November 1979, the loss of Cd content was 
0.02-0.02-0.25-0.02=0.00-0.23 μg L-1. Hence, in May 1979, there was a few loss in 
case of the relative high Cd contents in surface waters, and there was a few 
accumulation in case of the relative low Cd contents in surface waters. In August 1979, 
there was a few accumulation in case of low or high Cd contents in surface waters. In 
November 1979, there was a few low in case of low or high Cd contents in surface 
waters. In generally, by means of vertical and horizontal water’s effect [11-12], the 
accumulation and loss of Cd were both a few never mind high or low Cd in surface 
waters, resulting in the consistent of Cd contents in surface and bottom waters.   

 
4.4 Dynamic sedimentation process 

 
For each sampling site, Cd content in surface water was subtracted by which in bottom 
waters, and the results (Table 1) were indicating the changes of Cd in surface and 
bottom waters. River runoff was the major Cd source and May and August, while 
marine current was responsible in November.  

In May 1979, a small amount of Cd was discharged to Jiaozhou Bay via rivers, and Cd 
contents were transported from surface waters to the inside of the bay, and then to the 
middle of the bay mouth, and then to the open waters. Since Cd contents were just 
arrived at surface waters in May, the sedimentation of Cd was just beginning, resulting 
in the very low Cd contents in bottom waters. Hence, in May, Cd contents bottom 
waters were higher than which in surface waters inside that bay mouth since the 
sedimentation of Cd had been beginning in this region, Cd contents in surface waters 
and bottom waters were consist in the middle of the bay mouth since the 
sedimentation of Cd was beginning in this region, Cd contents bottom waters were 
lower than which in surface waters outside that bay mouth since the sedimentation of 
Cd had not been beginning in this region. 

In August 1979, a lot of Cd was discharged to Jiaozhou Bay via rivers, and Cd 
contents were transported from surface waters to the inside of the bay, and then to the 
middle of the bay mouth, and then to the open waters. A big part of Cd was transported 
to bottom waters by means of gravity and marine current, resulting in the significant 
decrease of Cd in the bay mouth. Meanwhile, the increase of the input of Cd by rivers 
expanded the sedimentation region of Cd. Hence, the sedimentation of Cd had been 
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beginning in waters in the inside and the middle of the bay mouth, Cd contents bottom 
waters were higher than which in surface waters in these regions. However, Cd 
contents bottom waters were lower than which in surface waters outside that bay 
mouth since the sedimentation of Cd had not been beginning in this region. 

In November 1979, a lot of Cd was discharged to Jiaozhou Bay via marine current, 
and Cd contents were transported from surface waters to the open waters, and then to 
the middle of the bay mouth, and then to the inside of the bay. Hence, Cd contents 
were relative high in waters in the inside and middle of the bay mouth, and Cd contents 
in surface waters were higher than which in bottom waters, and Cd contents in surface 
and bottom waters were consistent in waters in the bay mouth since the flow rate was 
high in this region. 

In May and August 1979, Cd was mainly from river runoff. Cd was firstly arrived at 
surface waters in where there were a large amount of suspended particulate matters, 
and a lot of Cd was absorbed and transported to bottom waters by gravity and current. 
Hence, at spatial scale, Cd contents were decreasing from the inside of the bay, and 
then to the middle of the bay mouth, and then to the open waters. At temporal scale, 
Cd contents in bottom waters were increasing continuously along with the 
sedimentation of Cd, and the high value region of Cd in bottom waters was expanding 
continuously (Table 1). That was the dynamic change process of Cd in May and August. 

In November 1979, Cd was mainly from marine current. Cd contents in surface 
waters were higher than which in bottom waters in the inside and middle of the bay 
mouth since Cd contents were relative high in this region, yet Cd contents in surface 
and bottom waters were consistent in waters in the bay mouth since the flow rate was 
high in this region. That was the dynamic change process of Cd in November. 

 
5. Conclusion 

 
The horizontal distributions of Cd in surface and bottom waters were consistent in May 
and August 1979, while in November 1979 was different. The reason was that Cd 
contents in surface waters were very low, yet a big part of Cd was transported to 
bottom waters by means of gravity and marine current, resulting in the horizontal 
distributions of Cd in surface and bottom waters were consistent or reverse. 

In May 1979, there was a few loss in case of the relative high Cd contents in surface 
waters, and there was a few accumulation in case of the relative low Cd contents in 
surface waters. In August 1979, there was a few accumulation in case of low or high Cd 
contents in surface waters. In November 1979, there was a few low in case of low or 
high Cd contents in surface waters. In generally, by means of vertical and horizontal 
water’s effect, the accumulation and loss of Cd were both a few never mind high or low 
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Cd in surface waters, resulting in the consistent of Cd contents in surface and bottom 
waters.   

In May and August 1979, Cd was mainly from river runoff. At spatial scale, Cd 
contents were decreasing from the inside of the bay, and then to the middle of the bay 
mouth, and then to the open waters. At temporal scale, Cd contents in bottom waters 
were increasing continuously along with the sedimentation of Cd, and the high value 
region of Cd in bottom waters was expanding continuously. That was the dynamic 
change process of Cd in May and August. 

In November 1979, Cd was mainly from marine current. Cd contents in surface 
waters were higher than which in bottom waters in the inside and middle of the bay 
mouth since Cd contents were relative high in this region, yet Cd contents in surface 
and bottom waters were consistent in waters in the bay mouth since the flow rate was 
high in this region. That was the dynamic change process of Cd in November. 

The dynamic change process of sedimentation of Cd was fully reveal the migration 
process and change trend of Cd along with the spatial-temporal variation and the 
transformation of sources. Hence, the dynamic change process of Cd’s content is 
providing basis for the control of Cd pollution in marine bays. 
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