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Abstract: Using investigation on Cd in surface waters in 1988 in Jiaozhou Bay, this paper analyzed
the vertical changes of Cd contents in waters, defined the settlement processes of Cd contents at
temporal and spatial scales. Results showed that in April 1988, in the outer side of the bay mouth,
Cd contents in surface waters were higher than those in bottom waters, while in waters in the bay
mouth Cd contents in surface waters were lower than in bottom waters. In July 1988, in the
estuaries of the major inflow rivers in the northeast of the bay, the inner side of the bay mouth and
the center of the bay, Cd contents in surface waters were higher than in bottom waters, while in
waters in the southwest of the bay Cd contents in surface waters were lower than in bottom waters.
During the settlement process of Cd, there were three time states at temporal scale, and three space
states at spatial scale. Taking time as x-coordinate, and space as y-coordinate, a block diagram
model was provided to describe the time and space states. In general, there were nine states during
the actual settlement process. According to the spatial-temporal settlement process of Cd, the law of
spatial-temporal settlement process was revealed, the changes of Cd contents in surface and bottom
waters were determined by the strength of the source input and the distance of the transport path.

1. Introduction

Cd is widely used in industry and agriculture. A great deal of Cd-containing products are
commonly used [1-2] and the amount of Cd-containing wastes are increasing with the rapid
development of economic and population size in the past several decades [3-4]. As a result, the
surface waters of the ocean are polluted by Cd via atmospheric deposition, stream flow discharge
etc. [5-10]. Jiaozhou Bay is a semi-closed bay located in Shandong Province, China. Using
investigation on Cd in surface waters in 1988 in Jiaozhou Bay, this paper analyzed the vertical
changes of Cd contents in waters, defined the settlement processes of Cd contents at temporal and
spatial scales. The aim of this paper was to provide basis for research on the seasonal variation and
horizontal migration of Cd in surface and bottom waters.

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 km? and 7 m, respectively.
The bay mouth is very narrow (3 km) between Tuandao and Xuejiadao, and is connected to the
Yellow Sea. There are dozens 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 Jiaozhou Bay was carried on in April and July 1988 in five
monitoring sites (i.e., 35, 36, 84, 85, 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 discussions
3.1 Vertical changes of Cd contents in surface and bottom waters.

In order to assess the vertical variations, Cd contents in surface waters were subtracted from
which in bottom waters, the minus are taken as the indexes. Sites 35, 36, 84, 85, and 90 were
located in outside of the bay mouth, bay mouth, southwest of the bay, bay center, and inner side of
the bay mouth, respectively. Positive and negative means Cd contents in surface waters were higher
and lower than in bottom waters, respectively, while zero means Cd contents in surface waters were
equal to in bottom waters (Table 1). The differences in sites 35, 36, 84, 85, and 90 in April and July
1988 were ranged from -0.04 t0 0.36 pg L™,

Table 1 The minus of Cd contents between surface and bottom waters in 1988

Sampling 35 36 84 85 90
site

April Positive Negative Zero

July Negative Positive Positive

3.2 Regional settlement of Cd contents.

In the sampling sites, the minus was changing with time, indicating the changes of Cd contents
in surface and bottom waters. Once Cd was input to Jiaozhou Bay, Cd was originally entering into
surface waters, and then was settling to bottom waters rapidly and continuously, resulting in the
changes of Cd contents in surface and bottom waters. In April, Cd was mainly sourced from marine
current whose source strength was relative weak. The input path was from the outer side of the bay
mouth to the inner side of the bay mouth, as a result, Cd contents in surface waters were higher than
those in bottom waters in the outer side of the bay mouth. Once Cd was arriving at the inner side of
the bay mouth, a big part of Cd in surface waters had been settling to sea bottom, Cd in surface
waters were higher than in bottom waters. The center of the bay was far away from the source and
was not affected by the source input, and therefore, Cd contents in surface waters and bottom waters
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were homogeneous. In July, Cd was mainly sourced from river flow whose source strength was
relative strong. The input path was from the estuary of the major river to all around. Hence, in the
estuary, Cd contents in surface waters were higher than in bottom waters in the outer side of the bay
mouth. Once Cd was arriving at the southwest of the bay mouth, a big part of Cd in surface waters
had been settling to sea bottom, the Cd in surface waters was higher than in bottom waters.

3.3 The temporal changes of the settlement process of Cd.

In the bay center, Cd contents in surface waters were closed to which in bottom waters in April,
while in July Cd contents in surface waters were higher than in bottom waters. The reason was that
the major source input of Cd from marine current had not arrived at the bay center in April, and
waters in the bay centers was not affected by marine current, and therefore, Cd contents in this
region were homogeneous. In July, Cd was mainly sourced from river flow in the inner side of the
bay mouth. The flow direction of the river flow was pointing at the bay center, and therefore, Cd
contents were higher than in bottom waters in the bay center.

3.4 The spatial changes of the settlement process of Cd.

In April 1988, Cd contents in surface waters were higher than in bottom waters in the outer side
of the bay mouth, while in the bay mouth, Cd contents in surface waters were lower than in bottom
waters. This revealed that Cd was mainly sourced from the open waters, and Cd contents in surface
waters were higher than in bottom waters. The source input of Cd was moving forward to the bay
mouth, and the settlement was going on, Cd contents in surface waters were lower than in bottom
waters. In the bay center, the waters were not influenced by source input, and therefore, Cd contents
in waters were homogeneous. In July 1988, in the bay center and the inner side of the bay mouth,
Cd contents in surface waters were higher than in bottom waters, while in the southwest of the bay
Cd contents in surface waters were lower than in bottom waters. This revealed that Cd was mainly
sourced from river flow, and in the estuary, inner side of the bay mouth, and the bay center, Cd
contents in surface waters were higher than in bottom waters. In waters in the southwest of the bay,
once a big part of Cd was transported to sea bottom, Cd contents in surface waters were lower than
in bottom waters.

3.5 Time and space states of the settlement process of Cd.
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Fig. 2 Spatial and temporal states in Cd’s settlement processes

During the settlement process of Cd, there were three time states at temporal scale, and three
space states at spatial scale. At temporal scale, there were three states in settling processes of Cd. 1)
The source input of Cd was started, the settlement of Cd was just beginning, there was little
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accumulation of Cd in bottom waters, Cd contents in bottom waters was relative low, and as a result
Cd contents in surface waters were higher than in bottom waters. 2) The source input of Cd was
abundant, the accumulation of Cd in bottom waters was increasing after continuous sedimentation,
Cd contents in bottom waters was relative high, and as a result Cd contents in bottom waters were
higher than in surface waters. 3) The source input of Cd was continued, the Cd contents were
homogeneously mixing, and as a result Cd contents in bottom waters were consist with in surface
waters. At spatial scale, there were also three states in settling processes of Cd. 1) The source input
of Cd was started, and in waters closed to the Cd sources, Cd contents in surface waters were higher
than in bottom waters. 2) The source input of Cd was abundant, in waters along with the transport
path of Cd source, Cd contents in bottom waters were higher than in surface waters. 3) The source
input of Cd was continued, in waters far away the Cd source, the Cd contents were homogeneously
mixing, and as a result Cd contents in bottom waters were consist with in surface waters. Taken
time as x-coordinate, and space as y-coordinate, a block diagram model was provided to described
the time and space states that there were nine states during the actual settlement process (Fig. 2).

4. Conclusions

In different regions, the minus of Cd contents between surface waters and bottom waters were
changing along with time, and were indicating the changes of Cd contents in surface and bottom
waters. Once Cd was inputting to Jiaozhou Bay, Cd was originally entering into surface waters, and
then was settling to bottom waters rapidly and continuously, resulting in the changes of Cd contents
in surface and bottom waters.

During the settlement process of Cd, there were three time states at temporal scale, and three
space states at spatial scale. Taken time as x-coordinate, and space as y-coordinate, a block diagram
model was provided to describe the time and space states that there were nine states during the
actual settlement process. The changes of Cd contents in surface and bottom waters were
determined by the strength of the source input and the distance of the transport path.
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