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Influence of rising tide and falling tide on settling process of Cd in Jiaozhou Bay
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Abstract: Settling is one of the important transporting processes of pollutants in marine bay. Based
on the analysis on the distributions of Cd in bottom waters in Jiaozhou Bay 1988, this paper defined
the settling process. Results showed that Cd contents in bottom waters in Jiaozhou Bay in April and
July 1988 were 0.08-0.10 μg L-1 and 0.09-0.61 μg L-1, respectively, indicated that the pollution level
of Cd in bottom waters in this bay was still very slight in 1988. By means of vertical water’s effect,
there were high settling regions from the bay mouth to the bay center in April 1988, and there were
high settling regions in the inner side of the bay mouth in July 1988. By means of rising tide and
falling tide, Cd from different sources was settling the moving path, resulting in high settling
regions along with the moving path. As a result, during the settling process of Cd, drifting
phenomenon was occurring.
1. Introduction
Cd is not a essential element for human, and the content of Cd in the environment is always very
low, and is not harmful to human in normal condition. However, the exploit and use of Cd in
increasing along with the rapid increasing of industry, resulting in the excessive existence of Cd in
the environment, and risks to human and ecosystem, since Cd in one of the toxic heavy metal
elements [1-3]. Many marine bays have been polluted by Cd since ocean is the sink of pollutants,
and understanding the migration process of Cd is essential to environmental remediation [4-7].
Settling is one of the key migration processes of pollutants in marine bays by means of vertical
water’s effect [8-10], and is resulting in the variations of Cd contents in bottom waters. Jiaozhou
Bay is a semi-closed bay located in Shandong Province, China, and has been polluted by various
pollutants including Cd in the past decades [1-4]. Based on investigation on Cd in bottom waters in
April and July 1988 in Jiaozhou Bay, this paper is to identify the settling of Cd, and to provide basic
information for pollution control.
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.
The bay mouth is very narrow (3 km), and is connected to the Yellow Sea. 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 bottom waters in Jiaozhou Bay was carried on in
April and July 1988. In April and July, there were 6 monitoring sites (i.e., 34, 35, 36, 84, 85, 89 and
90) (Fig. 1). Cd 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 of Jiaozhou Bay
3. Results and discussion
3.1 Contents and pollution level of Cd in bottom waters.
Cd contents in bottom waters in Jiaozhou Bay in April, and July 1988 were 0.08-0.10 μg L-1 and
0.09-0.61 μg L-1, respectively (Table 1). In according Sea Water Quality Standard (GB3097-1997),
the pollution levels of Cd in bottom waters Jiaozhou Bay in 1988 were still very slight. April and
July were spring and summer in study area. It could be found that Cd contents in Jiaozhou Bay were
in order of summer>spring. This indicated that the seasonal variations of Cd was significant.
Table 1 Cd contents and pollution levels in bottom waters in Jiaozhou Bay 1988
Month
Cd content/μg L-1
Grade

April
0.08-0.10
I

July
0.09-0.61
I

3.2 Horizontal distributions of Cd in bottom waters.
In April 1988, the contour lines of Cd contents were forming a serious parallel lines, and were
decreasing gradiently from the internal waters inside the bay (0.10 μg L-1) to the bay mouth, and to
the open waters (0.08 μg L-1) (Fig. 2). In July 1988, high value (0.61 μg L-1) of Cd contents in
bottom waters was occurring in Site 34 in the coastal waters in the southwest of the bay, and the
contour lines of Cd contents were forming a serious semi-cycles, and Cd contents were decreasing
from the high value center to the center of the bay (0.09 μg L-1) (Fig. 3). In according to the
horizontal distributions of Cd in bottom waters, it could be found that there were high settling
regions from the bay center to the bay mouth in April 1988, and was high settling regions in the
inner side of the bay mouth.
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Fig. 2 Horizontal distribution of Cd in bottom waters in Jiaozhou Bay in April 1988 /μg L-1

Fig. 3 Horizontal distribution of Cd in bottom waters in Jiaozhou Bay in July 1988 /μg L-1
3.3 Drifting during settling process of Cd.
The migration process of pollutant in marine bay is mainly determined bay source input and and
hydrodynamic force. In April 1988, the major Cd source in Jiaozhou Bay was marine current,
whose source strength was relative weak. By means of the input of Cd from marine current, as well
as vertical water’s effect, were high settling regions from the bay center to the bay mouth. During
the settling process of Cd, there was a drifting process from the outer side of the bay mouth to the
bay mouth and the bay center. The reason was that while marine current was moving from the open
waters to the internal waters via the bay mouth, and Cd was delivered to the bay mouth and the bay
center, and was settling rapidly by means of vertical water’s effect [8-10], and was resulting in high
settling regions in these regions (Fig. 4). In July 1988, the major Cd source in Jiaozhou Bay was
Haibo River, whose source strength was relative strong. By means of the input of Cd from marine
current, as well as vertical water’s effect, were high settling regions in the inner side of the bay
mouth. During the settling process of Cd, there was a drifting process from the estuary of Haibo
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River to the inner side of the bay. The reason was that while river flow was moving from the the
river mouth to the bay mouth, and Cd was delivered to the bay mouth, and was settling rapidly by
means of vertical water’s effect [8-10], and was resulting in high settling regions in the inner side of
the bay mouth (Fig.).
3.4 Influence of tide on migration of Cd.
Tide is the major form of hydrodynamic force in ocean. In April 1988, Cd in Jiaozhou Bay was
mainly supplied by marine current. During the rising tide, Cd was delivered by marine current from
open waters to internal waters via the bay mouth, and a part of Cd was settling along with the flow
direction of marine current by means of gravity force, resulting in high settling processes in the bay
mouth and the bay center (Fig. 4). In July 1988, Cd in Jiaozhou Bay was mainly supplied by river
flow. During the falling tide, Cd was delivered from the river mouth the bay mouth via the bay
center, and a part of Cd was settling along with the flow direction of marine current by means of
gravity force, resulting in high settling processes in the inner side of the bay mouth (Fig. 5). By
means of rising tide and falling tide, Cd from different sources was settling an the moving path,
resulting in high settling regions along with the moving path. Therefore, during the settling process
of Cd, drifting phenomenon was occurring.

Fig. 4 The settling and drifting of Cd in case of marine current was the major Cd source in Jiaozhou
Bay

Fig. 5 The settling and drifting of Cd in case of river flow was the major Cd source in Jiaozhou Bay
4. Conclusion
Cd contents in bottom waters in Jiaozhou Bay in April and July 1988 were 0.08-0.10 μg L-1 and
0.09-0.61 μg L-1, and the pollution level of Cd in bottom waters in this bay was still very slight in
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1988. There were high settling regions from the bay mouth to the bay center in April 1988, and
there was high settling regions in the inner side of the bay mouth in July 1988. By means of rising
tide and falling tide, Cd from different sources was settling an the moving path, resulting in high
settling regions along with the moving path. As a result, during the settling process of Cd, drifting
phenomenon was occurring.
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