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Surface sediment samples collected from the South Yellow Sea and northern part of the East China Sea during
spring and autumn, respectively, were analyzed for grain size, aluminum, and heavy metals (Cr, Ni, Cu, Zn, and
Pb) to evaluate heavy metal levels and the contamination status. The results showed that all of the heavy metal
concentrations met the standard criteria of the Chinese National Standard Criteria for Marine Sediment Quality.
Both the EFs and a multivariate analysis (PCA) indicated that Cr, Ni, Cu, and Zn were mainly from natural

contributions, while Pb was influenced by anthropogenic inputs, especially during autumn. The geoaccumula-
tion index of Pb near the mouth of the Yangtze River suggested that the pollution degree in autumn was heavier
than that in spring, which might be caused by the greater river discharge in summer and more heavy metal
adsorption with finer grain sizes.

Over the past century, because of rapid industrialization, heavy
metals have been discharged into coastal and estuarine environments
through river discharges and anthropogenic inputs (Meybeck and
Helmer, 1989; Cobelo-Garcia and Prego, 2003; Prego and Cobelo-
Garcia, 2003; Hu et al., 2015). Due to the toxicity, persistence and
bioaccumulation in the environment (Rainbow, 1995, 2007; Rainbow
and Luoma, 2011; Wang et al., 2013), heavy metal contamination has
attracted much more attention and become a global problem in recent
years. Sediments in coastal and estuarine ecosystems, as a reservoir or
sink for heavy metals, can act as a source of heavy metals for aquatic
organisms when environmental conditions change (Chapman et al.,
1998; Sundelin and Eriksson, 2001). The contaminated sediments may
have toxic effects on benthic fauna and other aquatic organisms
(Roberts, 2012; Hill et al., 2013). Thus, sediments in marine environ-
ments can play a great role in the deposition and transmission of heavy
metals.

Estuarine and coastal areas, a region of active land-sea interactions,
are sensitive to impacts from natural processes and anthropogenic ac-
tivities (Li et al., 2007). Heavy metal contamination in marine sedi-
ments from these areas has occurred over the last several decades
(Rubio et al., 2000; Selvaraj et al., 2004; Li et al., 2013). In this study,
the study area includes the coasts of Jiangsu Province, Shanghai City
and northern Zhejiang Province (Fig. 1), a coastal region that has seen

rapid urbanization, industrialization and economic development during
the past decades in China. However, with the rapid economic devel-
opment, increasing environmental pressure of pollutants on marine
ecosystems has occurred (Ma et al., 2001; Wu et al., 2001; Fang et al.,
2009; Xu et al., 2016). For instance, several green algal blooms have
occurred in this region since 2007 (Bao et al., 2015). As an important
fishing ground and mariculture area, the region provides a large
amount of nutrition and economic benefits to people in the study area.
Heavy metals can be bio-accumulated by marine organisms and bio-
magnified through the food chain, resulting in elevated levels in sea-
food (Rainbow and Luoma, 2011), such as fishes, which ultimately does
harm to human health. Most of the studies on heavy metal distributions,
sources and contamination are less focused on the western South
Yellow Sea (SYS) (Li et al., 2013; Jiang et al., 2014; Xu et al., 2014,
2016), where it is closely related to abundant human activities. In ad-
dition, there are few studies focused on seasonal changes in spring and
autumn. Therefore, it is important to investigate heavy metal dis-
tributions and the degree of pollution in this area, in order to determine
the environmental health risks and implement conservation of the
marine environment. The main objectives of this study are to (1) in-
vestigate the current heavy metal (Cr, Ni, Cu, Zn, and Pb) distributions
in the surface sediments; (2) distinguish the possible sources of the
heavy metals using enrichment factors (EFs) and multivariate analysis;

* Corresponding author at: Institute of Oceanology, Chinese Academy of Sciences, 7 Nanhai Road, Qingdao, Shandong 266071, China.

E-mail address: lujian@qdio.ac.cn (J. Lu).

http://dx.doi.org/10.1016/j.marpolbul.2017.07.007
Received 15 March 2017; Received in revised form 29 June 2017; Accepted 3 July 2017
0025-326X/ © 2017 Elsevier Ltd. All rights reserved.

Please cite this article as: Lu, J., Marine Pollution Bulletin (2017), http://dx.doi.org/10.1016/j.marpolbul.2017.07.007



http://www.sciencedirect.com/science/journal/0025326X
http://www.elsevier.com/locate/marpolbul
http://dx.doi.org/10.1016/j.marpolbul.2017.07.007
http://dx.doi.org/10.1016/j.marpolbul.2017.07.007
mailto:lujian@qdio.ac.cn
http://dx.doi.org/10.1016/j.marpolbul.2017.07.007

J. Lu et al.

Marine Pollution Bulletin xxx (XXXX) XXX—XXX

36"

S3 St ss s6 ST sy S SIO
o e e s o e e

35
South Yellow Sea

s s1s SI6 S17 5
e e o e

st S0 su osn 523
o o e .

East China Sea

122° 123" 124

28" - —
118" 119" 120" 121

; 28
125° 126" 1277E 118" 119° 120" 121

South Yellow Sea
AT A A0 e

AL AR
am A0

A3 AT ATS
o e .

%

L A
ces o, AL &
A3 Av A% A% A A%
. & e

East China Sea

123° 124 125 126 12TE

122

Fig. 1. Circulation system of the South Yellow Sea (a) and sampling stations during spring (b) and autumn (c) in 2009 (SYS, South Yellow Sea; YSCC, Yellow Sea Coastal Current; YSWC,
Yellow Sea Warm Current; SCC, Subei Coastal Current; CDW, Changjiang Diluted Water; TWC, Taiwan Warm Current).

Table 1
Certified and measured concentrations of Al (%) and heavy metal concentrations (ug/g)
of the standard reference materials (GBW07333, GBW07334).

Elements GBWO07333 GBWO07334
Measured Certified values Measured Certified values
values values
Al 8.97 9.22 = 0.23 5.91 5.83 = 0.06
Cr 102.8 107 = 4 61.5 60.0 = 3.2
Ni 44.9 46.1 = 1.1 41.7 39.2 = 2.6
Cu 29.9 29.1 = 1.1 20.1 20.7 = 1.4
Zn 119.3 114 = 6 93.6 90.4 = 4.3
Pb 28.3 29.0 = 1.6 17.1 16.8 = 2.1

and (3) assess heavy metal contamination with the geoaccumulation
index (Ige).

The Yellow Sea, as a typical semi-enclosed epicontinental sea, re-
ceives huge discharges, mainly from the Yellow River (Huanghe) and
Yangtze River (Changjiang), which account for approximately 10% of
the world river sediment load (Milliman and Meade, 1983). The
modern Yellow River and Yangtze River annually discharge approxi-
mately 1.1 x 10° and 5.0 x 10° tons of suspended sediments into the
sea, respectively (Milliman and Meade, 1983). Over the past

7000 years, approximately 30% of the Yellow River-derived sediment
has been transported into the Yellow Sea (Yang and Liu, 2007). In
comparison, approximately 70% of the Yangtze River-derived sediment
has been deposited in the deltaic system (Liu et al., 2006). The circu-
lation system in the Yellow Sea is mainly composed of the Yellow Sea
Warm Current (YSWC) and the Yellow Sea Coastal Current (YSCC)
(Fig. 1a). The YSCC flows southward and southwestward along the east
of the Shandong Peninsula, and the southward branch turns south-
eastward near 33-32°N. The Changjiang Diluted Water (CDW) usually
flows northeastward in summer (Su and Yuan, 2005). Some studies
found that a portion of the Yangtze River plume spread northward into
the SYS in summer or autumn (Yuan et al., 2008; Wu et al., 2014; Lu
et al., 2015). The grain sizes of the suspended sediments discharged
from the Yangtze River and in the southwestern SYS are very fine, with
mean grain sizes of 5.5-11 uym (Li et al., 2003) and 14-23 um (Song
et al., 2006), respectively. Because of the high specific surface area and
humic substance content, heavy metals are prone to being bound in the
fine-grained fractions (< 63 pum) of the sediments (Horowitz and
Elrick, 1987; Moore et al., 1989). Therefore, heavy metals can be in-
troduced in this way to the estuarine and coastal environment in the
study area.

Forty-seven and fifty-one surface sediment samples were collected
in the SYS and northern East China Sea in late spring and early summer
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