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Abstract. This paper analyzed the contents, distributions and pollution sources of As in Jiaozhou
Bay waters in 1983. Results showed As contents ranged from 0.19-4.89 μg L-1,in the whole year,
and were lower than Class I for As (20.00 μg L-1) in National Standard of China for Seawater
Quality (GB3097-1997). There were high value regions in coastal waters in the northeast, east and
southwest of the bay, as well as waters outside the bay mouth. The major sources of As were
overland flow marine current and stream flow, whose source strengths were 2.93-4.89 μg L-1,
1.59-4.30 μg L-1, 1.63-3.33 μg L-1, respectively. The variation ranges of the source strengths of the
three pollution sources in different seasons ranged from 1.70-1.96 μg L-1, indicated that the inputs
of As from different sources in this waters was sustained and stable. Hence, in addition to the
anthropogenic factors, the natural sources from marine current should be taken into account.
Introduction
As is one of the critical heavy metal which has been widely used in industries and agriculture. A
large amount of As-containing waste water was generating along with the rapid increasing of
economic after Chinese reform and opening up. Due to the lag of water pollution treatment to the
emission load, As pollution has been serious environmental issues in many countries and regions.
Being the sink of various pollutants, the marine environment had been polluted by As by means of
various pollution sources [1-3]. Understanding the distributions and pollution sources of As was
essential. Based on the investigation data on As in Jiaozhou Bay waters in different seasons in 1983,
the aim of this paper was to analysis the content, pollution level, distribution, source of As, and to
provide theoretical basis for management and remediation of As pollution.
Materials and method
Jiaozhou Bay (35°55′-36°18′ N, 120°04′-120°23′ E) is located in the south of Shandong
Peninsula, eastern China. The area and bay mouth width are 390 km2 and 2.5 km, respectively (Fig.
1). This semi-closed bay is surrounding by cities of Qingdao, Jiaozhou and Jiaonan, respectively.
There are more than ten inflow rivers, all of which are seasonal rivers [4-5].
The investigation on As in five sampling sites (H34, H35, H36, H37, H82) in Jiaozhou Bay
waters was conducted by North China Sea Environmental Monitoring Center in May, September
and October 1983 (Fig. 1). The investigation and measurement of As in waters was follow by
National Specification for Marine Monitoring [6].
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Fig.1 Geography location and sampling sites of Jiaozhou Bay

Results and discussion
Contents and pollution levels of As. As contents in Jiaozhou Bay waters in May, September
and October 1983 were ranged from 1.52-4.89 μg L-1, 0.19-1.63 μg L-1,0.37-2.93 μg L-1,
respectively, and were ranged from 0.19-4.89 μg L-1 in the whole year.In May, the relative high As
contents regions were in coastal waters in the northwest of the bay and waters outside the bay
mouth. In September, the relative high As contents regions were in the northwest of the bay and
waters outside the bay mouth. In September, the relative high As contents regions were in the
northeast and southwest of the bay. However, in according to the guide line of Class I for As (20.00
μg L-1) in National Standard of China for Seawater Quality (GB3097-1997), this bay was very
slightly contaminated by As in 1983.
Spatial distributions and sources of As. In May, high value of As was occurred in Site H36
(4.89 μg L-1), and there was a high value region in the coastal waters in the southwest of the bay,
with a series of semi-concentric circles. The contents were decreasing from the high value center to
1.52 μg L-1 in the bay mouth (Fig. 2). The was also a high value center (3.33 μg L-1) in Site H38
closed to the estuaries of Haibo River and Licun River in the northeast of the bay, and were a series
of semi-concentric circles. As contents were decreasing from northeast to the bay mouth (1.52 μg
L-1). The third high value center (4.30 μg L-1) was in Site H82 outside the bay mouth, and there
were a series of gradient parallel lines, indicating that As contents were decreasing from waters
outside the bay to the bay center along with the direction of marine current (1.52 μg L-1). There was
a low value region around Site H35, in where As contents were ranged from 1.52-1.90 μg L-1. In
according to the spatial distributions, it could be defined that stream flow and marine current were
the major sources of As in May. In September, there was a high value center (1.63 μg L-1) in Site
H39 closed to the estuaries of Haibo River and Licun River in the northeast of the bay, and there
were a series of semi-concentric circles. As contents were decreasing from northeast to the bay
mouth (0.19 μg L-1). Another high value center (1.59 μg L-1) in Site H82 outside the bay mouth,
and there were a series of gradient parallel lines, indicating that As contents were decreasing from
waters outside the bay to the bay center along with the direction of marine current (0.19 μg L-1).
There was also a low value region around Site H35, in where As contents were ranged from
0.19-0.40 μg L-1. In according to the spatial distributions, it could be defined that stream flow and
marine current were also the major sources of As in September. In October, there was a high value
center (2.93 μg L-1) in Site H36 in the southwest of the bay, and there were a series of
semi-concentric circles. As contents were decreasing from southwest to the north of the bay (0.37
μg L-1). Another high value center (1.85 μg L-1) was in Site H39 closed to the estuaries of Haibo
River and Licun River in the northeast of the bay, with a series of semi-concentric circles, which
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were decreasing from the high value center to the southeast of the bay (0.74 μg L-1). Hence, there
was also a low value region around Site H35, in where As contents were ranged from 0.19-0.40 μg
L-1. In according to the spatial distributions, it could be defined that stream flow and overland flow
were the major sources of As in October.

Fig. 2 Spatial distribution of As in surface waters in Jiaozhou Bay in May 1983/μg L-1

Fig. 3 Spatial distribution of As in surface waters in Jiaozhou Bay in September 1983/μg L-1

Fig. 4 Spatial distribution of As in surface waters in Jiaozhou Bay in October 1983/μg L-1
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Input process of As. In according to the spatial distributions of As in different months, it could
be found that the major sources of As in Jiaozhou Bay waters were overland flow, marine current
and stream flow, whose source strengths were 2.93-4.89 μg L-1, 1.59-4.30 μg L-1, 1.63-3.33 μg L-1,
respectively. The variation ranges of the source strengths of overland flow, marine current and
stream flow were 1.96 μg L-1, 1.71 μg L-1 and 1.70 μg L-1, respectively, indicated that the inputs of
As from different sources in this waters was sustained and stable. The source strength of As from
overland flow were highest, because As was widely applied in agriculture in study region, and the
As-containing overland flow was generated and finally discharged to the bay waters. The source
strength of As from marine current were moderate, indicated that the background contents of As in
marine environment was high enough to pay attention to. Hence, in addition to the anthropogenic
factors, the natural sources from marine current should be taken into account.
Conclusions
Jiaozhou Bay was very slightly contaminated by As in 1983. The major sources of As in
Jiaozhou Bay waters were overland flow, marine current and stream flow, whose source strengths
were 2.93-4.89 μg L-1, 1.59-4.30 μg L-1, 1.63-3.33 μg L-1, respectively. The variation ranges of the
source strengths of overland flow, marine current and stream flow were 1.96 μg L-1, 1.71 μg L-1 and
1.70 μg L-1, respectively, indicated that the inputs of As from different sources in this waters was
sustained and stable. The source strength of As from overland flow were highest, due to As was
widely applied in agriculture in study region. The source strength of As from marine current were
moderate, indicated that the background contents of As in marine environment was high enough to
pay attention to. Hence, in addition to the anthropogenic factors, the natural sources from marine
current should be taken into account.
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