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Abstract. This paper analyzed the horizontal and vertical migration processes of Cadmium (Cd) 
and the influencing factors in Jiaozhou Bay in 1989. Results showed that the absolute 
horizontal losses of Cr were 0.20-0.89 μg L-1, and the relative horizontal losses of Cr were 
14.49-46.84%, respectively. The absolute vertical dilution of Cd was 0.52-0.56 μg L-1, and the 
relative vertical dilution of Cr was 27.36-34.14%. The absolute vertical accumulation of Cd 
was 0.17 μg L-1, and the relative vertical accumulation of Cr was 14.40%. Once migrating 
from the bay center to the bay mouth, Contents in both surface and bottom were decreasing in 
a certain degree. In case of the loss rate of Cr in surface water was relative high, the loss rate of 
Cr in bottom water would also be relative high, and vice versa. The changing of Cr contents in 
surface and bottom waters were determined by the changing of the source inputs and the 
distance of migration paths.  

1. Introduction  
Cr is one of the widely used heavy metal elements in many industries [1-2]. The industries in many 
countries and regions are increasing rapidly in the past several decades [3-5], resulting in a great deal 
of Cr-containing wastes are generating and discharging to the environmental [6-9]. Many marine bays 
have been polluted by Cr since the waste treatment in many countries and regions is always lagging 
[10-13]. Hence, understanding the horizontal and vertical migration processes of Cr in marine bay is 
essential to environmental protection and remediation [12-21]. 

Jiaozhou Bay is a semi-closed bay located in Shandong Province, China [21-25]. This bay had 
been polluted by various pollutants including Cr since 1980s due to the rapid development of industry 
[1-2].By using investigation on Cr in surface and bottom waters in 1989 in Jiaozhou Bay, this paper 
researched the horizontal and vertical distributions, and analyzed the influencing factors. The aim of 
this paper is to provide basis for research on the vertical sedimentation and horizontal migration of Cr 
in marine bay. 

2. Materials and method 

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 
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south. There are a dozen of rivers including Dagu River, Haibo River, Licun River, and Loushan River 
etc., all of which are seasonal rivers [22-23].  

The investigation on Cr in Jiaozhou Bay was carried on by North China Sea Environmental 
Monitoring Center. In April and July1989, Cr contents in surface and bottom waters were measured in 
Site 85 and Sit 90 in the bay center and the bay mouth, respectively (Fig 1). Cr in waters was sampled 
and monitored follow by National Specification for Marine Monitoring [24]. 

 
Fig 1 Geographic location and monitoring sites in Jiaozhou Bay 

Modeling for horizontal migration processes of Cr. Supposed that Cr contents in surface and bottom 
waters in the bay center are A and a, in the bay mouth are B and b, respectively. 

In surface waters, and from the bay center to the bay mouth, the calculation formula for migration 
process is: 

D=A-B,    E=(100×∣A-B∣/max(A, B))%                                 (1) 

where, D is the horizontal absolute loss amount in surface waters, E is the horizontal relative loss 
amount.  

In bottom waters, and from the bay center to the bay mouth, the calculation formula for migration 
process is: 

d=a-b,    e=(100×∣a-b∣/max(a, b))%                                (2) 

where, d is the horizontal absolute loss amount in bottom waters from the bay center to the bay mouth, 
e is the horizontal relative loss amount.  

Modeling for vertical migration processes of Cr. Supposed that Cr contents in surface and bottom 
waters in Site n in the bay center are A and a, respectively. From surface waters to bottom waters, the 
calculation formula for this migration process is: 

Vna=A-a,   Vnr=(100×∣A-a∣/max(A, a))%                               (3) 

where, Vna is the horizontal absolute dilution amount from surface waters to bottom waters, Vnr is the 
horizontal relative dilution amount. While from bottom waters to surface waters, Vna refers to the 
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horizontal absolute accumulation amount, and Vnr refers to the horizontal relative accumulation 
amount.  

3. Results  

Horizontal changes of Cr. The horizontal migration process of Cr in surface waters were calculated 
in according to Cr contents in Site 85 and Site 90. The horizontal losses of Cr in surface and bottom 
waters were calculated by Eq. (1) and Eq. (2), respectively. It could be seen from in Table 1 that the 
horizontal absolute loss amounts of Cr were 0.20-0.89 μg L-1, and the horizontal relative loss amounts 
were 14.49-46.84%.  

Table 1 Horizontal changes of Hg in surface and bottom waters in Jiaozhou Bay 1989 

Month 
Surface waters Bottom waters 

D/μg L-1 E/% d/μg L-1 e/% 
April 0.89 46.84 0.20 14.49 

Vertical loss of Cr. The vertical migration processes of Cr were calculated by Eq. (3) and listed in 
Table 2. It could be seen from in Table 2 that the vertical absolute dilution amounts of Cr were 
0.52-0.56 μg L-1, and the horizontal relative dilution amounts were 27.36-34.14%. The vertical 
absolute accumulation amounts of Cr were 0.17 μg L-1, and the vertical relative accumulation amounts 
were 14.40%.  

Table 2 Vertical changes of Hg in waters in Jiaozhou Bay 1989 
Time Location Vna/μg L-1 Vnr/% 
April Bay center  0.52 27.36 

Bay mouth -0.17 14.40 
July Bay mouth 0.56 34.14 

 

4. Discussion 

Horizontal and vertical changes of Cr. The changes of Cr contents in marine waters were influenced 
by vertical water’s effect and horizontal waters’s effect, as well as the source inputs [25-28]. In the 
internal waters of Jiaozhou Bay, Cr was mainly sourced from river runoff, and Cr contents were 
decreasing from the high value region to peripheral zones by means of marine current and tide. In 
April 1989, along with the migration path from the bay center to the bay mouth, the horizontal losses 
of Cr in surface and waters were 46.84% and 14.49%, respectively (Fig 2). Meanwhile, the vertical 
dilution of Cr in the bay center was relative low as 27.36%, while the vertical accumulation of Cr in 
the bay mouth was very low as 14.40% (Fig 2). In July 1989, the vertical dilution of Cr in the bay 
mouth was relative low as 34.14%. In general, Cr contents in both surface and bottom waters were 
decreasing in a certain degree during the horizontal and vertical migration processes.  
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Fig 2 Block diagram model for horizontal-vertical changes of Cr in Jiaozhou Bay in April 1989 

Horizontal loss of Cr. In April 1989, from the bay center to the bay mouth, the horizontal loss of Cr in 
surface waters was relative high as 46.84%. Meanwhile, from the bay center to the bay mouth, the 
horizontal loss of Cr in surface waters was also relative low as 14.49%. In general, no matter from the 
bay center to the bay mouth, or from the bay mouth to the bay centers, Cr contents were decreasing in 
a certain degree. In case of the loss rate of Cr in surface water was relative high, the loss rate of Cd in 
bottom water would be relative low. 

Vertical loss of Cr. Cr contents were also changing a lot during the vertical migration process. In April 
1989, Cd contents in surface and bottom waters were relative low as 1.01-1.90 μg L-1 and 1.18-1.38 
μg L-1, respectively. In general, Cr contents in both surface and bottom waters in April 1989 were 
relative low, the vertical dilution in the bay center and vertical accumulation were also relative low as 
27.36% and 14.40%, respectively. This indicated that Cr in surface waters could be transported to sea 
bottom rapidly and continuously, and the vertical losses of Cr in April in Jiaozhou Bay were ~1/7. In 
July 1989 in the bay mouth, Cr contents in surface and bottom waters were relative low as 1.64 μg L-1 
and 1.08 μg L-1, respectively. The vertical dilution of Cr in the bay mouth was 34.14%, which 
indicated that the vertical loss of Cr in July was also relative low, and ~1/3 of Cr was losing during the 
vertical migration path from surface waters to bottom waters. 

Influencing factors on migration of Cr. Cr in April 1989 was mainly sourced from atmosphere 
deposition. Hence, Cr contents in the bay centers were relative high, and were higher than in bottom 
waters. By means of the transportation via marine current, Cr contents in surface waters were 
decreasing along with the migration path, yet a big part of Cr was transported to and accumulated in 
sea bottom, resulting in Cr contents in bottom waters in the bay mouth were higher than in surface 
waters. Cr was mainly source from river runoff, and therefore Cr contents in surface waters in the bay 
mouth were higher than in bottom waters. As a whole, the changing of Cr contents in surface and 
bottom waters was determined by the changing of the source inputs and the distance of migration 
paths.  

5. Conclusions 
The horizontal absolute loss amounts of Cr were 0.20-0.89 μg L-1, and the horizontal relative loss 
amounts were 14.49-46.84%. The horizontal relative dilution amounts were 27.36-34.14%, and the 
vertical relative accumulation amounts were 14.40%. 

No matter from the bay center to the bay mouth, or from the bay mouth to the bay centers, Cr 
contents were decreasing in a certain degree. In case of the loss rate of Cr in surface water was relative 
high, the loss rate of Cd in bottom water would be relative low. 

 Bay center 

Internal 
waters 

Bay Mouth 

0.89 μg L-1 (46.84%)  

0.17 μg L-1 

(14.40%)  

0.20 μg L-1 (14.49%)  

0.52 μg L-1 

(27.36%)  
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The vertical losses of Cr in April and July were relative low, and ~1/7 and ~1/3 of Cr was losing 
during the vertical migration path from surface waters to bottom waters, respectively. The changing of 
Cr contents in surface and bottom waters was determined by the changing of the source inputs and the 
distance of migration paths.  
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