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� The heavy metals pollution in core sediments from KODMDS was evaluated.
� A slight increase of heavy metals concentration in surface sediments of KODMDS.
� Dumping dredged sediment may raise potentially ecological risk for benthos in KODMDS.
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a b s t r a c t

Kaohsiung Ocean Dredged Material Disposal Site (KODMDS) that located in the southwest offshore of
Taiwan, has been annually disposed about 500,000 ton dredged sediments of Kaohsiung Harbor from
2003 to 2012. Five sediment cores collected from KODMDS and three from nearby reference sites were
analyzed to evaluate their sedimentation rates, vertical profiles of heavy metal, and heavy metal
pollution indices to assess the impact of dumping harbor dredged sediments into the ocean on the
sediment quality in KODMDS. The sedimentation rate of 0.24 cm/y was estimated by the 210Pb method,
which means that the effected depth of the top layer of a core of D1 was affected in the period of
dumping dredging sediments. The vertical distribution of heavy metals in the sediment cores from
KODMDS showed the concentrations of most heavy metals were slightly elevated in the top layers of the
sediment cores, which may be affected by the dumping of harbor dredged sediments. According to the
analyzed results of the heavy metal pollution indices, the level of heavy metal pollution, the potential
eco-toxicity and the potential ecological risk of the sediments in KODMDS exhibited only a slight in-
crease, which indicated that the increase in concentration of heavy metals may potentially pose the
insignificant impact on benthos inhabiting the disposal site.

© 2017 Published by Elsevier Ltd.

1. Introduction

Harbor dredged sediments dumping to the given ocean disposal
sitemay cause the adverse effects such as erosion and precipitation,
deterioration of water quality (e.g. increase in turbidity and nutri-
ents), and change in habitat, food chains, and fisheries on the
marine environment and ecological system (Johnson and Frid,
1995; Zimmerman et al., 2003; Simonini et al., 2005; Lee et al.,
2010). Fang et al. (2013) indicated that the major factors influ-
encing the changes to benthos in the disposed site included particle

size, water content of sediments, and water mass, while heavy
metal concentration in sediments had no significant effect on the
change. Stronkhorst et al. (2003) assessed the impact on themarine
disposed site caused by dumping the moderately contaminated
dredged sediments and indicated marine benthic organisms at and
around the dumping sites have been adversely affected by physical
disturbance such as burial and smothering.

Furthermore, the toxic chemicals (e.g. heavy metals) in the
dredged sediments may transport and accumulate in the marine
environment (De Witte et al., 2016; Ju et al., 2016; Chen et al.,
2017a). However, the previous studies demonstrated that the ef-
fect of ocean dumping was limited, in which may be caused by the
below reasons: (i) the characteristics of dumping materials were
similar with that of the sediments in the ocean disposal site; (ii) the
sediments were dumped gradually and homogeneously over
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relatively large areas; (iii) using the way of dumping sediment was
planning to disperse the dredged sediments on the seabed,
enabling the benthic organisms to have the opportunity tomigrate;
(iv) the ocean disposal sitewas a high-energy environment that has
the higher energy to carry and transport large particles, and the
organisms that live in this area have adapted to be in the dynamic
sediment environment for long time; (v) the level of the pollutant
was low in the dredged materials (Smith and Rule, 2001; Simonini
et al., 2005).

Kaohsiung Ocean Dredged Material Disposal Site (KODMDS)
was set up by Taiwan Environmental Protection Agency (TWEPA) in
2003, which was the given disposal place to dump the materials
that dredged from the Kaohsiung Harbor for waterway mainte-
nance. KODMDS was located in the southwest offshore of Taiwan
with the distance of 12e15 miles from the shore, using longitude of
E120� 03.590 and latitude of N22�27.570 as the center and was the
square area with the side length of 6 km (6 � 6 ¼ 36 km2). The
water depth is range of 500e700 m in this area, and the change of
water depth mainly shows the descending direction of the north-
east to the southwest (Fig. 1). In the water depth of 200 m above,
the directions and the average speed of ocean currents in the
disposed site are mainly southeast and northwest and 10e40 cm/s,
respectively; in the water depth of 200 m below, the directions of
ocean currents is not constant and the speed of that is relatively low
and decreasing with the increasing water depth (~0 cm/s).
KODMDS has been annually disposed about 500,000 ton sediments
that dredged from the channel of Kaohsiung Harbor, and it was of
total about 4.69 million ton dredged sediments disposed to which
area in 2003e2012 (TIPC, 2013). Kaohsiung Harbor endures the
wastewater produced by neighboring industries, urban, and agri-
culture, as well as four main polluted rivers (Love River, Canon
River, Jen-Gen River, and Salt River) import into this area, resulting
harbor sediments contains high level of organic matter and heavy
metals and belongs the moderate pollution level (Chen et al., 2013,
2016; Dong et al., 2014, 2015).

Dumping the contaminated sediments into the uncontaminated
ocean disposal site was expected to have a certain degree of effect
on that site. For preventing the concentrated dumping of dredged
sediments and reducing the impact of dumping the dredged sedi-
ments on the ocean disposal site, the operation of ocean dumping
has set the specific management strategy, including dividing the
ocean disposal site into four sub-area to take turns dumping the
dredged sediments, meaning each sub-area can only be dumped
the dredged sediments of 15,000 ton and then turn to the other
sub-area to dump. For the operation of dumping the dredged
sediments, the dumping rate was kept to below 40 m3/min and the
ship speed was controlled in the range of 1e4 knot. Each time to
dump the dredged sediments was separated by the interval of more
than 1 h (TIPC, 2005).

This study sampled the sediment cores from KODMDS and
reference sites and analyzed their physicochemical characteristics
and heavy metals content to understand the vertical distribution of
heavy metals and assess the impact of dumping the dredged sed-
iments on the sediment quality in KODMDS, including the con-
centration of heavy metals, the degree of accumulation and the
potential ecological risk. Furthermore, the effectiveness of opera-
tion management for dumping the dredged sediments can be
determined based on the results of effect assessment of sediment
quality.

2. Materials and methods

2.1. Sample collection

Eight sampling sites were constructed to collect the sediments
in KODMDS, including 5 disposed sites (D1eD5) inside KODMDS
and 3 reference sites (R1eR3) outside (Fig. 1). Sites of D1eD4 were
located in the center of four sub-areas inside KODMDS, D5 was in
the center of whole KODMDS aswell as R1eR3were the north, east,
and south reference sites located outside KODMDS. The sampling

Fig. 1. Map of the study area and sampling locations.
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