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Abstract Coastal and estuarine areas are often polluted
by heavy metals that result from industrial production and
agricultural activities. In this study, we investigated the
concentration trait and vertical pattern of trace elements,
such asAs, Cd, Ni, Zn, Pb, Cu, andCr, and the relationship
between those trace elements and the soil properties in
coastal wetlands using 28 profiles that were surveyed
across theDiaokouheNatureReserve (DKHNR). The goal

of this study is to investigate profile distribution character-
istics of heavy metals in different wetland types and their
variations with the soil depth to assess heavy metal pollu-
tion using pollution indices and to identify the pollution
sources using multivariate analysis and sediment quality
guidelines. Principal component analysis, cluster analysis,
and pollution level indices were applied to evaluate the
contamination conditions due to wetland degradation. The
findings indicated that the concentration of trace elements
decreased with the soil depth, while Cd increases with soil
depth. The As concentrations in reed swamps and Suaeda
heteroptera surface layers were slightly higher than those
in other land use types. All six heavy metals, i.e., Ni, Cu,
As, Zn, Cr, and Pb, were strongly associated with PC1
(positive loading) and could reflect the contribution of
natural geological sources of metals into the coastal sedi-
ments. PC2 is highly associated with Cd and could repre-
sent anthropogenic sources of metal pollution. Most of the
heavy metals exhibited significant positive correlations
with total concentrations; however, no significant correla-
tions were observed between them and the soil salt and soil
organic carbon. Soil organic carbon exhibited a positive
linear relationship with Cu, Pb, and Zn in the first soil layer
(0–20 cm); As, Cr, Cu, Ni, Pb, and Zn in the second layer
(20–40 cm); and As, Cr, Cu, Ni, Pb, and Zn in the third
layer (40–60 cm). Soil organic carbon exhibited only a
negative correlation with Cd (P<0.05), in the second and
third layers. As, Cr, Cu, Ni, Pb, and Zn exhibited lower
geoaccumulation index values (Igeo values), which aver-
aged less than 0 in the three soil layers, this finding
indicates that the soils have remained unpolluted by these
heavy metals. The mean concentrations of these trace
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elements were lower than Class I criteria. The degradation
wetland restoration suggestions have also been provided in
such a way as to restore the reserved flow path of the
Yellow River. The results that are associated with trace
element contamination would be helpful in providing sci-
entific directions to restore wetlands across the world.
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Introduction

Coastal ecosystems are currently affected by natural
environmental changes, anthropogenic activities, and
synergistic combinations of the two. The large and
growing extent of human activities in coastal areas has
caused or enhanced a variety of environmental problems
(Canuto et al. 2013; Cui et al. 2013; Liu et al. 2014).
Coastal wetlands are remarkable and are crucial ecosys-
tems in terms of environmental health, ecosystem ser-
vices function, distinctive geomorphologic features,
typical vegetation and faunal associations, and human
activities that are related to their singular environment
(Li et al. 2007). Estuarine and coastal areas are complex
and important ecosystems in which many critical eco-
logical processes occur. Simultaneously, these areas also
provide habitats for a substantial amount of flora and
fauna and often face increasing populations and anthro-
pogenic activities (Bai et al. 2012; Canuto et al. 2013;
Rodrigues et al. 2013). However, they are often the
ultimate receptacles of various anthropogenic pollutants
that arise from industrial processes, urbanization, agri-
cultural activities, and domestic waste (Ip et al. 2007;
Bastami et al. 2012; Gan et al. 2013). Wetlands have
long been recognized as an important sink for heavy
metals due to having a variety of physical, chemical, and
biological processes that involve sedimentation, setting,
adsorption, precipitation, and adsorption, and induced
changes in biogeochemical cycles by plants and bacteria
(Chandra et al. 2013; Jiao et al. 2014; Xin et al. 2014).
Since the 1980s, rapid industrialization and economic
development in China has caused serious environmental
pollution, which has been particularly substantial in
estuarine and coastal areas, which are subjected to mul-
tiple environmental pressures (Barba-Brioso et al. 2010;
Magesh et al. 2013; Wang et al. 2013).

Heavy metals are the most serious pollutants and can
cause many detrimental diseases that result from their high
toxicity, persistence, and bio-accumulation (Zhang et al.
2009a; Hu et al. 2013a; Zamani-Ahmadmahmoodi et al.
2013). Heavy metal pollutants have been considered to be
one of themost critical global pollutants and pose a serious
threat to human health and natural ecosystems (Lotze et al.
2006; Li et al. 2007; Li et al. 2009; Fang et al. 2009; Arik
and Yaldiz 2010; Deng et al. 2010; Naser 2013; Zhang
et al. 2009b). The first national soil pollution status survey
bulletin released on April 17, 2014 launched by the
Ministry of Environmental Protection and Ministry of
Land and Resources of the People’s Republic of China
demonstrated that the ratio of exceeding soil standards in
all of the samples is 16.1 % and the rate of arable land
reaches 19.4 %, while the ratio of Cd is 7.0 % in all of the
samples. At the same time, the Blue Book of Land
Consolidation issued by China Land Consolidation and
Rehabilitation inMay 24, 2014 demonstrated that the areas
of arable land in China that have been contaminated by
heavy metal reach 33,333 km2, especially in the surround-
ing areas of large cities, major truck lines, and river banks.
At the same time, this soil survey also found that the over-
standard ratio in oil-producing regions in the 494 samples
is 23.6 %.1 Heavy metal contamination in estuarine and
coastal areas has expanded in China because of the poten-
tial ecological effects and because of public concern for
seafood safety in association with these metals (Feng et al.
2011; Pan and Wang 2012; Yang et al. 2012; Hu et al.
2013b). Many previous studies have reported that heavy
metal contamination has occurred in river basins or estu-
aries due to the cause–effect relationship between human
effects and the soil quality (Xiao et al. 2011; Karim et al.
2013). Therefore, it is necessary to investigate distributions
and the extent of heavymetal pollution in coastal wetlands
and to provide scientific suggestions for coastal manage-
ment (Chatterjee et al. 2009; Liu et al. 2014).

The ecological risk that is posed by heavy metals has
been assessed based on different quality standards (Liu
et al. 2010; Bai et al. 2011c; Nazeer et al. 2014). Its
objective is to assess the possibility and degree that the
chemicals (in a specified amount) and physical factors
affect humans, animals, and plants or ecosystems (Zhang
et al. 2014). Several indices have been developed to assess
trace element contamination levels, such as the enrichment
factor (EF), contamination factor (CF) (Raj and

1 http://www.mep.gov.cn/gkml/hbb/qt/201404/t20140417_
270670.htm
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Jayaprakash 2008), metal pollution index (MPI), and
geo-accumulation index (Igeo) (Cui et al. 2009; Lin
et al. 2011). The primary research included the applica-
tion of the EF andmultivariate statistical analysis, assessing
heavy metal contamination (Zhang et al. 2009a, b), the
geoaccumulation index (Igeo), and the MPI (Müller 1981;
Lin et al. 2011; Li et al. 2013). Bai et al. (2011a) analyzed
As, Cd, Cu, Ni, Pb, and Zn concentrations and assessed
their contamination changes in roadside soils in both long-
term abandoned tillage (LAT) and short-term abandoned
tillage (SAT) belts. Bai et al. (2011b) described heavy
mental concentrations in the Yellow River Delta (YRD)
using the contamination indexmethod. Vertical heavymetal
patterns can contribute as an input or as an independent
validation for a biogeochemical model and, thus, provide
valuable information for examining the response of terres-
trial ecosystems to global changes. Previous studies have
primarily focused on the heavy metals in deeper soils and
the relevant driving factors. However, the vertical distribu-
tions of heavy metals in coastal wetlands remain poorly
understood (Yang et al. 2010). Therefore, improved knowl-
edge of heavy metal distributions and determinants for
different soil depths are essential for determining whether
heavy metals in deep soil layers will accelerate. Due to
changes in the water sediments, marine dynamics, and
human activities that are caused by ceased river flows, the
topography of the Diaokouhe course in the abandoned
Yellow River Delta Natural Reserve (YRDNR) determines
the reserved flow path and the natural features and ecosys-
tems have changed substantially (Rodrigues et al. 2013).
The study area has witnessed rapid industrial growth and
petrochemical industry development, and the Shengli
Oilfield located in the DKHNR is considered to be the
second largest oil reserve in China. Coastal and marine
environments that receive intensive industrial effluents are
recognized as hotspots for high heavy metal concentrations
(Sale et al. 2010; Naser 2013). The wetland restoration
project that was initiated in 2010 has greatly influenced
wetland landscape patterns in the lower reaches of the
Yellow River (Huang et al. 2012). Variations in the average
water discharge (SD) and sediment load (SL) at the Lijin
hydrological station were observed in the YRD due to the
wetland restorations (Table 1), which is considered to be a
major limiting factor for soil heavy metal mobilization and
transformation in wetland ecosystems. Because of the chan-
nel in the lower reaches, monthly water discharge and
sediment loads have greatly increased since regulation was
enacted, especially from June to July. Much attention has
been given to comparing trace element concentrations T
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both before and after an ecological event (Ye et al. 2011;
Ranjan et al. 2013). Huang et al. (2012) appliedHJ-1micro-
satellite remote sensing data to monitor and evaluate the
effect of wetland restoration through water transfer projects
in the YRD. However, little is known about the vertical
distributions of heavy metal concentrations in coastal wet-
lands after the wetland restoration project in 2010.
Therefore, research is urgently needed to determine the
heavy metal concentrations since the wetland restoration
project was enacted and to improve our understanding of
biogeochemical cycles in coastal areas and their potential
feedback to global environmental changes (Nobi et al.
2010).

Understanding heavy metal distributions and accumula-
tions plays a crucial role in ecological risk assessment and
facilitates the restoration of wetlands. In this study, we
investigated the vertical distributions of heavy metals using
28 profiles that were obtained from a regional soil survey
that was conducted on coastal wetlands during 2010. In this
study, the CF, Igeo, and pollution load index (PLI) were
applied to evaluate heavy metal pollution and determine
heavy metal sources. Specifically, this study aimed (1) to
investigate profile distribution characteristics of arsenic and
heavy metals in different wetland types and their variations
with soil depth, (2) to assess heavy metal pollution using
pollution indices and to identify the pollution sources using
multivariate analysis and sediment quality guidelines, and
(3) to provide protection management measures for the
abandoned wetlands in the abandoned YRDNR.

Materials and methods

Study area and wetland restoration project

In 1992, the YRDNR was established for protecting en-
dangered bird species and its habitats at the YR Mouth of
the newly formed wetland ecosystem. The Diaokouhe
Nature Reserve (DKHNR) is located in the north part of
the YRD and is the old course of the YR (Fig. 1). The tail
reaches of the DKHNR contain the reserved flow path of
the YR and part of the YRDNR. The river has a length of
55 km and once flowed to the ocean in the north before the
YR diversion in May 1976; every shift in the YR has
produced abandoned river courses. TheYRwas artificially
shifted again in May 1976 at Yuwa from the Diaokouhe
course to the Qingshuigou course. In 1992, the State
Planning Commission approved the Plan Report of Flow
Path to Ocean of the YR, which was compiled by the

Yellow River Conservancy Commission, and decided that
theDiaokouheRiverwas the reserved flow path of theYR.
The YR was artificially shifted in July 1964 near Yuwa,
from its Shenxiangou course to the Diaokouhe course. The
original Diaokouhe River flow path has no water flow to
the ocean and ceased to transfer the river for nearly
37 years; landform features and the ecosystem changed
greatly because of the changes in the hydrology, sand load,
marine dynamics, and human activities. The freshwater
wetland area and riverbed in the tail reaches of the
Diaokouhe have been shrinking and drying up, undergoing
a fast decrease in the ability to carry water and it has
deteriorated salination and decreased biodiversity. Owing
to a lack of freshwater and sand supply, the seawater
continued to intrude and the coastal line retreated seriously.
During 1976 to 2009, the DKHNR, which covers an area
of 485 km2 because 2009 has retreated 10 km and eroded,
and the oil well that is located inDKHNR and the seawater
intrusion are severe threats to the water quality.

From July 2002 to June 2008, tests on seven times the
amount of water and sediment that is stated in the regula-
tions of the YR have been conducted. The change in the
water and sediment conditions would inevitably have an
impact on the ecosystem of the YRD (Bai et al. 2012). In
2009, the State Council formally approved the Yellow
River Delta High Ecological Economic Zone
Development Planning and noted that the Central
Government should stabilize the current flow path of the
YR and reuse the abandoned Diaokouhe river course. The
Yellow River Conservancy Commission has conducted
ecological transfer water engineering during the 10th
flow-sediment regulation regime in July 2010 of the flood
season to restore the estuarine ecosystem and wetland
landscape in the abandoned Diaokouhe flow path of the
tail reaches of the YR and to restore the function of
transferring water and sand. The commission also aims
to explore the alternate flow course use model of the
Diaokouhe River reserved path and the current
Qingshuigou flow path, to improve the strategy imple-
mented and the estuarine governance, prevent the flow
path of Diaokouhe from continuing to shrink, ensure estu-
arine flood control safety, and ameliorate the wetland areas
from withering further.

During the flow-sediment regulation periods in 2010,
2011, 2012, and 2013, the transfer of water continued for
4 years in the Diaokouhe River and reduced the ecological
degradation trend in the northern wetland region of the YR
estuary. The transferred water volume was 36.20 million
m3; 2.73 million m3 flowed into the sea, and most of the
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water has flowed into the DKHNR and riverbank.
Moreover, the Diaokouhe flow path restoration has in-
creased the water surface area by 526 hm2, and approxi-
mately 437 hm2 of the degraded wetland has been im-
proved (Fig. 2). The soil salinity in the core restoration
areas of the different vegetation communities along the
Diaokouhe flow path has been decreasing, especially at
depths of 0 to 30 cm. Moreover, the surface soil water
content has increased. Areas of Phragmites have increased
from 10,000 to 22,000 ha. The water surface has increased

from 15 to 60 %, and the vegetation coverage has in-
creased by 10 % since the water transfer was initiated.
The number of plant types has increased from 13 before
the water transfer to 17 in 2010 and 26 in 2011.
Furthermore, the number of aquatic birds has increased
to 4,700 in 2010 and 12,000 in 2011. The underground
water level has continued to increase in the tail reaches of
the Diaokouhe River, increasing by 20 cm in 2010.2

Fig. 1 The location of the study area

2 http://www.dzwww.com/finance/sdcj/201201/t20120105_
6852712.html
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Sample collection

During 2010, 28 soil profiles of 84 samples were obtained
at depth intervals of 0–20, 20–40, and 40–60 cm. Samples
that weighed 2 kg from three different locations with three
replicates were collected at each plot using a stainless steel
trowel. The replicated samplesweremixed together at each
location to form a composite sample. The land-use types
are mudflat (MU), reed swamp (RS), thin reed (TR), forest
(FO), arable land (AL), and Suaeda heteroptera (SH). All
of the soil samples were placed in polyethylene bags and
brought to the lab, where they were air-dried at room
temperature for 3 weeks. The soil was oven dried at
105 °C for 24 h and was weighed to determine the soil
bulk density and moisture content. The air-dried soil was
ground and passed through a 2-mm nylon sieve to remove
coarse debris. The soil samples were then ground with a
mortar and pestle until all of the particles passed through a
0.15-mm nylon sieve, to analyze the soil chemical proper-
ties (Bai et al. 2011a).

Analytical methods

To analyze the total concentration of As, Cd, Cu, Pb, Zn,
Ni, and Cr, samples were digested by a HCIO4-HNO3-HF
mixture in Teflon tubes at 160 °C for 6 h in an oven. The

concentrations were transferred, and finally, 10 ml of 10%
HNO3was used to rinse thoroughly for a complete transfer
of the concentrations. The solution of the digested sample
was analyzed by inductively coupled plasma–atomic emis-
sion spectrometry (ICP/AES). Quality assurance and con-
trol were assessed using duplicates, method blanks, and
standard reference materials (GBW07401) from the
Chinese Academy of Measurement Sciences for each
batch sample (1 blank and 1 standard for each of 10
samples). To ensure the accuracy and precision of the
experimental results, two standard reference materials,
GSS-2-1 and GSS-2-2, were used as the quality control
samples (Zhang et al. 2013). The standard deviation of As,
Cd, Cr, Cu, Ni, Pb, and Zn are 0.18, 0.01, 0.08, 0.74, 0.47,
0.54, and 1.74, respectively. The recoveries of samples that
were spiked with standards ranged from 95 to 105 %.
Duplicated samples were performed simultaneously for
5% of the soil samples, and the standard deviation showed
a range of within 7 %. Soil organic carbon (SOC) was
measured using dichromate oxidation and was determined
by a CHNOS Elemental Analyzer (Bai et al. 2012). The
total nitrogen concentration was determined by dry com-
bustion using an elemental analyser, with a combustion
temperature of 950 °C and a reduction temperature of
640 °C. The soil salinity was determined in the supernatant
of 1:5 soil water mixtures (Bai et al. 2011b).

Fig. 2 The landscape before and after the transfer water project. a–c Before the transfer water project, while d–f after the project. Source:
http://www.sdhh.gov.cn/ztgz/stds/07/10009.shtml
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The CF and PLI are introduced to assess the degree of
anthropogenic metal contamination (Raj and Jayaprakash
2008). The CF for each metal is the ratio of the measured
concentration to the natural abundance. The background
value is determined through the soil survey in Shandong
Province in the 1990s.Moreover, the CF is used to classify
the extent of pollution into four grades for monitoring the
pollution of specific metals over time. The CF is defined as
follows:

CF ¼ Mesample
Mebaseline

The calculated CFs were classified into four groups
(Pekey et al. 2004):

CF≤1 low contamination factor
1<CF≤3 moderate contamination factor
3<CF≤6 considerable contamination factor
CF>6 very high contamination factor

The PLI was then applied to determine the integrated
pollution status of the combined toxicant groups at the
sampling stations and to assess the mutual pollution
effect from different locations by various elements
(Magesh et al. 2013). The PLI is determined as the nth
root of the product of the n contamination factors (CFn):

PLI ¼ CF1� CF2� CF3�⋯CFnð Þ1=n;
where CFn is the sampled concentration of metal n. The
PLI values are interpreted into two pollution levels: pollut-
ed conditions (PLI>1) and unpolluted conditions (PLI<1).

After obtaining the metal concentrations, the Igeo was
used to quantitativelymeasure themetal pollution (Zamani-
Ahmadmahmoodi et al. 2013). The Igeowas first introduced
by Müller (1981) to compare present-day heavy metal
concentrations with pre-civilized background values for
understanding lithogenic effects. Therefore, the index can
be used to distinguish the effects of human activities on the
environment. The Igeo is expressed as follows:

Igeo ¼ log2
Cn

1:5� Bn
;

where Cn is the concentration of the measured element n
and Bn is the baseline value of a metal n-geochemical
baseline value of a given element n. The geochemical
baseline was obtained from the dataset of the national soil
survey in Shandong Province. The constant 1.5 is intro-
duced to minimize the potential effects of variations in the
background values that could be attributed to lithological

variations (Gao et al. 1998;Ghrefat et al. 2011). The seven-
level classification of Igeo is defined as in Table 2 (Müller
1981; Macias et al. 2006; Zamani-Ahmadmahmoodi et al.
2013). Igeo has been calculated using background values
for world crustal averagemetal concentrations as presented
by Wedepohl (1995).

Multivariable statistics analyses, such as factor analysis
(FA) and cluster analysis (CA), have been frequently ap-
plied to identify pollution sources and quantify their con-
tributions (Singh et al. 2004; Zhang et al. 2009a, b).
Pearson correlation was conducted to reveal the relation-
ship between soil properties and heavy metals and to
identify the pollution sources (Chandra et al. 2013;
Zhang et al. 2014). Cluster analysis assisted in identifying
relatively homogeneous groups of variables, using an al-
gorithm that starts with each variable in a separate cluster
and combines clusters until only one is left. One-way
ANOVA was conducted to evaluate whether the vertical
distribution of each heavy metal differed significantly be-
tween different land use types. Data were processed using
the Statistical Program for Social Sciences (SPSS Version
17.0) statistical software.

Results and discussion

Relationship between trace elements and soil properties

Table 3 shows the range, average, and standard deviation
of the As, Cd, Cr, Cu, Ni, Pb, Zn, and SOC concentrations
for the depths of 0–20, 20–40, and 40–60 cm soil in the
DKHNR. The mean value of As is 8.09 mg/kg, and the
range is 4.04–12.62 mg/kg. The concentrations of Cd are
relatively low, with a mean value of 0.034 mg/kg. The
mean concentration of Cr is 17.41 mg/kg, and the range is

Table 2 Scale of the pollution intensity for the geoaccumulation
index values (Igeo) classes with respect to the soil quality

Igeo Igeo class Pollution intensity (sediment quality)

>5 6 Very highly polluted

4<Igeo≤5 5 Highly polluted to very highly polluted

3<Igeo≤4 4 Highly polluted

2<Igeo≤3 3 Moderately polluted to highly polluted

1<Igeo≤2 2 Moderately polluted

0<Igeo≤1 1 Unpolluted to moderately polluted

≤0 0 Unpolluted

Zamani-Ahmadmahmoodi et al. (2013)

Environ Monit Assess (2014) 186:7211–7232 7217



7.88–27.23mg/kg. The coefficient of variation (Cv) of As,
Cd, Cr, Cu, Ni, Pb, and Zn are 0.21, 2.87, 0.25, 0.28, 0.21,
0.30, and 0.24, respectively, while themean values of these
heavy metals are 8.09, 0.034, 17.41, 14.77, 22.28, 12.47,
and 54.82 mg/kg. The concentrations of As, Pb, and Zn
continue to decrease in the three layers, while the concen-
tration of Cd will increase with the depth of the soil. Cd
had the highest spatial variability, with a coefficient of
variation of 2.87 in the first layer, 2.27 in the second layer,
and 1.51 in the bottom layers. The mean concentrations of
all of the trace elements did not exceed their counterpart
background values for Shandong Province. Specifically,
the mean concentrations were approximately 87.04, 39.97,
26.38, 61.54, 86.34, 48.32, and 86.33%of the background
values for As, Cd, Cr, Cu, Ni, Pb, and Zn, respectively. In
general, deep soils contain older and a larger proportion of
recalcitrant organic matter than surface soil. Therefore, the
relationships between the SOC content and environmental
factors tend to beweaker along the soil profile. Because the
environmental factors have less of an influence at larger
depths, the SOC content in the deep soil layers could be
more strongly determined by carbon inputs from the sur-
face layer (Hu et al. 2013a; Dou et al. 2013).Moreover, the
Pb concentrations that were measured in all of the soil
samples were below level II of GB 15618–2002 (Soil
Environmental Quality Standard), which indicates that
the soils were not polluted. The heavy metal frequency
histograms are provided in Fig. 3. These findings suggest
that As, Cr, Cu, Ni, Pb, and Zn were observed most often
with moderate concentrations, whereas Cd was observed
most often with low concentrations.

Vertical distribution of heavy metals in typical soil
profiles

Figure 4 illustrates the distribution of heavy metal concen-
trations with depth for different land-use types. Usually,
these concentrations fluctuated with increasing depth.
Substantial Cr, Cu, Ni, Pb, and Zn accumulation in Reed
swamp at depths of 20–40 cm (P<0.05) was observed.
The green line represents the threshold of the Class I.
Heavy metals usually decreased with depth, which indi-
cates recent heavy metal pollution. The concentrations of
As in the RS and SH surface layers (0–20 cm) were
slightly higher than those at other sampling sites. The
heavy metal concentrations in RS and SH were higher
than in the other soil layers. Furthermore, the different soil
depths exhibited similar concentration characteristics (i.e.,
Cr, Cu, Ni, Pb, and Zn).T
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There were no pronounced differences in the trace
metal levels at 40–60 cm layers (P>0.05). It should be
noted that Pb concentrations were higher in the three
layers than themean concentration inYRD (9.29mg/kg)
(Cui et al. 2011) and lower than in the Pearl River
Estuary (32.23 mg/kg) (Bai et al. 2011d) and
Baiyangdian Lake (30.72 mg/kg) (Gao et al. 2013).
No apparent difference in the trace metal concentrations
within each layer was observed (P>0.05), which indi-
cates that similar trace metal levels were observed in
these two wetlands.

The vertical distribution of heavy metals was
decomposed into three 20 cm intervals for each 60 cm
profile. The vertical distribution was quantified using
the ratio of the heavy metal concentration in the surface
layer (0–20 cm) to the concentration at a depth of 60 cm
(Wang and Chen 2009). No significant differences in the
heavy metal vertical distributions were observed be-
tween the different land-use types. However, SOC ex-
hibited a decreasing trend with increasing depth in some

plots. Furthermore, agriculture in the DKHNR has tra-
ditionally been a dominant economic driving force and
was relatively less affected by industrial activities com-
pared to other coastal areas in China. Until recently, the
YRD remained in a low exploitation state, which could
explain the low heavy metal concentrations at the sur-
face. As a major source of carbon inputs into the soil,
vertical concentrations of heavy metals should play an
important role in determining heavy metal vertical
distributions.

Identification potential of natural and anthropogenic
sources

Because factor analysis considerably reduces the num-
ber of variables and can detect the relationships between
the metals, it has been proven to be an effective tool for
heavy metal source identification (Han et al. 2006; Varol
2011; Panda et al. 2010). PCA analysis was applied to
help identify heavy metal sources (Tables 4, 5, and 6). A
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varimax rotation of the principal components or factors
was used to clarify the results and to provide a simpler
and more meaningful representation of the underlying
factors because the rotation reduces the contribution of
variables that have low significance and increases the
contribution of the more significant variables (Chandra
et al. 2013). Kaiser–Meyer–Olkin (KMO) and Bartlett’s
results were 0.873 and 264.634 (df=21, P<0.01) in the
first soil layer, 0.875 and 321.247 in the second layer,
and 0.864 and 258.418 in the bottom layer, which
indicates that the PCA is useful in reducing the number
of dimensions.

Eigenvalues that were greater than 1 and that provid-
ed a cumulative variance of more than 85 % were
retained in the original dataset (Bai et al. 2012). The
principal components were then rotated using the
varimax normalization method; the results are reported
as factor loadings of the rotated matrix, which are given
in Tables 4, 5, and 6. For the first layers, two principle
components (PCs) explained 91.52 % of the total vari-
ance based on the retained eigenvalues (eigenvalue >1).
The first principal component can explain 76.35 % of
the variance, and the second principal component can
explain 15.17 % of the variance. The seven PCs ex-
plained 100% of the total variance based on the retained

eigenvalues. These PCs were extracted and the other
PCs were discarded. First, all six heavy metals, i.e., Ni,
Cu, As, Zn, Cr, and Pb, were strongly associated with
PC1 (positive loading), especially Ni, which had a
weight of 0.98; this weight reflects its lithogenic origin
(Table 4). Therefore, PC1 could reflect the contribution
of natural geological sources of metals into the coastal
sediments. The rotated component matrix indicates that
most of the heavy metals were closely associated with
PC1, which can be termed the “lithogenic factor” (Hu
et al. 2013a). The PCA results show that Cd largely
diverged from group 2 and that PC2 is highly associated
with Cd. Therefore, PC2 could represent anthropogenic
sources of metal pollution. Moreover, Cd could be a
result of anthropogenic inputs from riverine sources,
which contain both a natural component and a substan-
tial proportion of anthropogenic waste that is ultimately
transported to estuaries and continental margins of the
oceans.

For the second layers (20–40 cm), heavymetals, such
as Cu, Zn, As, Pb, Ni, and Cr, form a closely related
group that dominates PC1, explaining 80.67 % of the
total variance in the second soil layer (Table 5).
Moreover, PC2, which explained 14.42 % of the total
variance, also exhibited highly positive factor loadings
on Cd. The two PCs explained 95.09 % of the total
variance. PC1 was also strongly and positively correlat-
ed with Cu, Zn, As, Pb, Ni, and Cr and can be defined as
an anthropogenic component due to the presence of
higher levels of these metals in the sampled soil relative
to other coastal regions in China. PC2 could primarily
represent anthropogenic sources (Fang et al. 2009). In

Table 4 The total variance explained and the rotated component matrix of the first soil layer (0–20 cm)

Initial eigenvalues Rotation sum of squared loadings Rotated component matrix

Total % of variance Cumulative % Element Total % of variance Cumulative % PC1 PC2
Total variance explained

Principal component

1 5.378 76.689 76.689 Ni 5.344 76.346 76.346 0.981 −0.070
2 1.038 14.827 91.516 Cu 1.062 15.171 91.516 0.973 −0.081
3 0.211 3.015 94.531 As 0.968 −0.020
4 0.194 2.777 97.308 Zn 0.940 0.048

5 0.144 2.060 99.368 Cr 0.918 0.052

6 0.028 0.398 99.766 Pb 0.879 −0.238
7 0.016 0.234 100.000 Cd −0.037 0.994

Extraction method, principal component analysis; rotation method, Varimax

�Fig. 4 Vertical distribution of heavy metals in soils that have
different land-use types, i.e., MU (mudflat), RS (reed swamp),
TR (thin reed), FO (forest), AL (arable land), and SH
(S. heteroptera). The green line represents the threshold of the
class I, As is 15 mg/kg, Cd is 0.2 mg/kg, Cr is 90 mg/kg, Cu is
35 mg/kg, Ni is 40 mg/kg, Pb is 35 mg/kg, and Zn is 100 mg/kg
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the rotated principal component matrix, PC1 was posi-
tively correlated with Cu, Zn, As, Pb, Ni, and Cr. PC2
was positively correlated with Cd. This finding implies
that Cd sources could be different from the sources of
the other trace elements. The correlation analysis also
suggests that there were significant correlations between
As and Cr, Cu, Ni, Pb, and Zn; a poor correlation was
found between Cd and the other trace elements.
Therefore, Cd can be regarded as an exogenous metal
(Bai et al. 2012). Because of rapid agricultural develop-
ment upstream of the YRD, substantial applications of
agrochemicals and fertilizers have contributed to a large
increase in heavy metal concentrations.

In the bottom soil layer (40–60 cm), the first principal
component explained 80.20 % of the total variance and

the second principal component explained 11.44 % of
the total variance. The two principal components ex-
plained 91.64 % of the total variance. In the component
matrix, only one PC was detected, and it exhibited
highly positive factor loadings on Ni, Cu, As, Zn, Cr,
and Pb, and the loading for Cdwas only 0.523 (Table 6).
These metals, i.e., Cu, As, Zn, Cr, Ni, and Pb, were all
associated with PC1 in the component matrix. This
finding also indicates that all of the metals had the same
source, which might be directly related to a lithogenic
component because the variability of the concentrations
appeared to be controlled by loess parent materials.

To reveal the possible associations between the var-
iables, Pearson’s correlation analysis was performed for
the entire element concentration dataset. Table 7 shows

Table 6 The total variance explained and the rotated component matrix of the bottom soil layer (40–60 cm)

Initial eigenvalues Rotation sums of squared loadings

Total % of variance Cumulative % Elements Total % of variance Cumulative Component
matrix

Total variance explained PC1

Principal component

1 5.614 80.202 80.202 Cu 5.614 80.202 80.202 0.971

2 0.800 11.435 91.637 As 0.958

3 0.276 3.947 95.584 Zn 0.954

4 0.136 1.938 97.522 Cr 0.951

5 0.090 1.281 98.803 Ni 0.935

6 0.063 0.905 99.708 Pb 0.890

7 0.020 0.292 100.000 Cd 0.523

Extraction method, principal component analysis; rotation method, Varimax

Table 5 The total variance explained and the rotated component matrix of the second soil layer (20–40 cm)

Initial eigenvalues Rotation sums of squared loadings Rotated component matrix

Total % of variance Cumulative % Elements Total % of variance Cumulative PC1 PC2
Total variance explained

Principal component

1 5.647 80.674 80.674 Cu 5.647 80.670 80.670 0.985 −0.019
2 1.009 14.420 95.094 Zn 1.010 14.424 95.094 0.984 −0.014
3 0.183 2.616 97.710 As 0.977 −0.035
4 0.061 0.868 98.578 Pb 0.977 −0.041
5 0.052 0.743 99.321 Ni 0.957 −0.005
6 0.036 0.508 99.830 Cr 0.940 0.086

7 0.012 0.170 100.000 Cd −0.005 0.999

Extraction method, principal component analysis; rotation method, Varimax
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the correlation coefficient matrix between the heavy
metals and soil properties in the abandoned wetlands.
Significant and positive correlations (P<0.01) were ob-
served between Cr and Ni, Cr and Pb, Cu and Pb, Ni and
Pb, and Pb and Zn due to anthropogenic activities,
whereas no significant correlations were detected
among other metals (Magesh et al. 2013). This finding
indicates that these metals were associated with one
another and might have common natural or anthropo-
genic sources. SOC exhibited a positive linear relation-
ship with Cu, Pb, and Zn in the first soil layer (0–20 cm)
(P<0.05); As, Cr, Cu, Ni, Pb, and Zn in the second layer
(20–40 cm); and As, Cr, Cu, Ni, Pb, and Zn in the third
layer (40–60 cm). Moreover, SOC exhibited only a
negative correlation with Cd (P<0.05), which was in
the second and third layers. Some studies have shown
that SOC can act as a major sink for heavy metals due to
its strong capacity for metallic contaminants (Bai et al.

2011d). In this study, Cu was significantly correlated
with SOC, which suggests that SOC is an important
factor that controls the abundance of heavy metals.
The results that were obtained from the PCA were
confirmed by Pearson’s correlation analysis.

CA can be used to further classify elements from
different sources on the basis of similarities in their
chemical properties. A dendrogram was constructed to
assess the cohesiveness of the determined clusters and to
more easily determine the correlations between the ele-
ments (Han et al. 2006). Spatial CA produces a dendro-
gram that has three groups, using the Euclidian distances
in the first layer (0–20 cm), second layer (20–40 cm),
and third layers (40–60 cm). Hierarchical cluster analy-
sis was performed using War’s method, with squared
Euclidean distances as the criterion to form the heavy
metal clusters. Generally, Euclidian distances in cluster
analysis indicate a different origin from the other

Table 7 Correlation coefficient matrices between soil heavy metal concentrations and soil properties for three different layers

As Cd Cr Cu Ni Pb Zn Salinity TN SOC Bulk density

The first layer (0–20 cm)

As 1 0.067 0.150 0.322 0.019

Cd −0.059 1 −0.222 0.177 0.166 −0.200
Cr 0.830** −0.004 1 0.213 0.143 0.303 −0.078
Cu 0.965** −0.118 0.872** 1 0.168 0.228 0.371* −0.004
Ni 0.966** −0.107 0.873** 0.981** 1 0.102 0.169 0.310 0.015

Pb 0.813** −0.233 0.765** 0.836** 0.851** 1 0.098 0.360* 0.487* −0.196
Zn 0.900** −0.001 0.840** 0.868** 0.897** 0.797** 1 −0.117 0.179 0.353* −0.137

The second layer (20–40 cm)

As 1 0.076 0.791** 0.777** −0.665
Cd −0.040 1 −0.109 0.018 −0.097 0.015

Cr 0.926** 0.070 1 0.189 0.755** 0.717** −0.624*

Cu 0.957** −0.020 0.886** 1 0.149 0.780** 0.780** −0.645*

Ni 0.907** −0.006 0.838** 0.974** 1 0.176 0.720** 0.723** −0.555*

Pb 0.945** −0.044 0.899** 0.954** 0.927** 1 0.172 0.797** 0.835** −0.656*

Zn 0.953** −0.019 0.926** 0.961** 0.925** 0.962** 1 0.148 0.811** 0.805** −0.634*

The second layer (40–60 cm)

As 1 0.283 0.686* 0.807** −0.807**

Cd 0.511 1 0.124 0.392 0.304 −0.302
Cr 0.890** 0.478* 1 0.142 0.677* 0.788** −0.786*

Cu 0.910** 0.467 0.890** 1 0.121 0.810** 0.850** −0.849**

Ni 0.872** 0.405 0.831** 0.967** 1 0.121 0.807** 0.823** −0.823**

Pb 0.855** 0.292 0.869** 0.811** 0.778** 1 0.181 0.660* 0.819** −0.818**

Zn 0.888** 0.395 0.913** 0.936** 0.886** 0.832** 1 0.248 0.711* 0.863** −0.861**

*P<0.05 (correlation is significant); **P<0.01 (correlation is significant)
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elements. Figure 5 shows three clusters in the first soil
layer, two clusters in the second layer, and two clusters
in the third layer. A highly joined cluster implies a
common source or sources and the results agreed with
the factor analysis. The results show that all of the
classifications vary within the significance level because
the sampling sites in each group have similar back-
grounds and could be affected by relatively similar
sources (Fig. 5). For the first soil layer (0–20 cm), most
of the sampling sites contained groups A and C, which
exhibited lower metal concentrations than group B. The
highest trace metal concentrations were found in group
B, which mainly resulted from point pollution sources.
For the second soil layer, the highest metal concentra-
tion was also observed in group B.

Assessment of arsenic and heavy metal using Igeo

Every soil that was sampled contained natural heavy
metals at background concentrations (Raj and
Jayaprakash 2008; Karim et al. 2013; Chandra et al.
2013). Based on the soil background value, the possible

enrichment of As and heavy metals in wetland soils was
evaluated and is presented using geoaccumulation indi-
ces (Igeo) in Fig. 6 (Müller 1981). According to the
Müller classification scale (1981), trace elements belong
to the unpolluted category in all of the samples, although
some deviation was observed depending on the specific
metal and sampling location. Moreover, As, Cr, Cu, Ni,
Pb, and Zn exhibited lower Igeo values, averaging less
than 0 in the three soil layers, which indicates that the
soils have remained unpolluted by these heavy metals.
The Igeo values of As in the surface soil from the
DKHNR were −1.79 and −0.14 (average of −0.82) for
the first layer, −1.21 and −0.21 (average of −0.87) for
the second layer, and −1.59 and −0.41 (average of
−1.07) for the bottom layer. The Igeo values for Cr were
−3.65 to −1.86 (average of −2.55) for the first soil layer,
−3.37 to −1.52 (average of −2.49) for the second layer,
and −3.17 to −1.74 (average of −2.68) for the third layer.
The averaged degree of metal pollution decreased in the
following order: As>Ni>Zn>Cu>Pb>Cr for the first
soil layer, Ni>As>Zn>Cu>Pb>Cr for the second lay-
er, and Ni>As>Zn>Cu>Pb>Cr for the bottom layer.
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Fig. 5 Hierarchical dendrograms for seven heavymetals that were obtained usingWar’s hierarchical clusteringmethod (the distances reflect
the degree of correlation between different heavy metals)
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According to the Müller scale (Müller 1981), the Igeo
values indicate no pollution of the investigated metals as
a whole, although some deviations are observed de-
pending on each metal and the sampling location
(Fig. 6) In general, Cd pollution sources were primarily
due to land-based anthropogenic sources, including
mining and fertilizers and pesticides used in agricultural
activities (Nobi et al. 2010).

The extent of contamination was earlier quantified by
comparing the observed concentrations with uncontam-
inated natural background values for a specific metal
(Macias et al. 2006). To understand the heavy metal
enrichment, the CF was calculated for all of the studied
metals. The results show that only Ni in the second layer
was enriched, whereas all of the other metals remained
within a low contamination state. Thus, with respect to
the background concentrations, the soils were polluted
with respect to Ni. The CFs ranged from 0.43 to 1.36
(average of 0.87) for As, 0.12 to 0.41 (average of 0.26)
for Cr, 0.28 to 1.05 (average of 0.62) for Cu, 0.41 to 1.32
(average of 0.86) for Ni, 0.16 to 0.82 (average of 0.48)
for Pb, and 0.34 to 1.27 (average of 0.86) for Zn.
Moreover, the enrichments decreased according to the
following order: As>Ni>Zn>Pb>Cu>Cr. The PLI
values were between 0.26 and 0.84, with a mean of
0.64 (Table 8). In general, the PLI results strongly
suggest that the DKHNR has not been polluted by
anthropogenic activities. Bai et al. (2011b) surveyed
heavy metal contamination in wetland soils near tidal
ditches and their primary sources. The contamination
index and integrated contamination index show that the
mean concentrations of these heavy metals were below
the Class I criterion. Bai et al. (2012) investigated the
characteristics of heavy metal pollution in tidal wetlands

before and after the regulation regime. The sediment
quality guidelines and geoaccumulation indices showed
moderately or strongly polluted As and Cd levels and
unpolluted or moderately polluted Cu, Pb, and Zn
levels. Due to the demands that are imposed by the
economic growth of the country, greater attention must
be given to heavy metal contamination because areas of
ecological relevance are now positioned to become dis-
posal sites for large volumes of dredged material, put-
ting large coastal ecosystems at risk.

Comparisons of the heavy metal concentration
in DKHNR with other coastal areas

Some specific agencies have developed enforcements
and criteria to characterize and classify contaminated
soils. The Environmental Quality Standard for Soil
(GB 15618–1995) have been utilized as an informal tool
to identify relevant contaminants and to evaluate poten-
tial ecological heavy metal toxicity in relation to possi-
ble adverse effects (Choueri et al. 2009). Class I is a
suitable criterion for maintaining natural background

(a) (b) (c)

Fig. 6 Box-and-whisker plots of the geoaccumulaton indices for heavy metals of three different soil depths in DKHNR. a 0–20 cm; b 20–
40 cm; c 40–60 cm. The y-axis is the geoaccumulation indices, and the x-axis is the heavy metal types

Table 8 The PLI value in the DKHNR of the three layers

The first layer The second layer The third layer

As 0.84 0.82 0.72

Cr 0.26 0.28 0.25

Cu 0.59 0.65 0.54

Ni 0.84 1.00 0.85

Pb 0.46 0.44 0.36

Zn 0.84 0.82 0.72
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levels and protecting marine life habitats, including
fishing and nature uses and rare and endangered species;
Class II and Class III are applied for regulating general
industrial use and coastal tourism (Li et al. 2013). None
of the soil samples were considered to be polluted with
heavy metals because their concentrations were all with-
in the levels of Class I. Therefore, DKHNR were clean
enough to be classified as Class I in terms of heavy
metal concentrations. The comparison of mean soil
heavy metal concentration in China and the main river
estuary demonstrates that the concentrations of Cu, Pb,
Zn, Cd, Cr, As, and Ni were lower than in Baiyangdian
Lake (Gao et al. 2013), Baohai Bay (Hu et al. 2013b),
southern Bohai Bay (Hu et al. 2013a), and coastal
Shandong Peninsula (Li et al. 2013) (Table 9). A reason
is that Baiyangdian Lake receives nutrient inputs from
domestic and industrial sewage and aquaculture waste-
water (Gao et al. 2013). The concentration of heavy
metals is close to the Changhua River estuary and
Dongzhai Habor of Hainan Island (Hu et al. 2013a, b).
The source of Cd, Cr, Cu, Hg, Ni, and Zn in Hainan
Island resulted primarily from natural weathering pro-
cesses, whereas As and Pb were mainly attributed to
anthropogenic sources. The metal levels in Hainan were
at low-to-median levels, which is consistent with the
fact that Hainan Island is still in low exploitation, and
its mangroves suffer little impact from human activities
(Qiu et al. 2011). Moreover, the concentration is much
lower than in the Pear River Estuary because the Pearl
River Estuary is a typical region of a fragile coastal
ecosystem that has excessive anthropogenic activities,
especially coastal reclamation, rapid economic growth,
and urban development (Bai et al. 2011d). Element
background data of Shandong Province from China
National Environmental Monitoring Center (CNEMC)
are chosen as environmental background concentration
to evaluate the degree of anthropogenic metal contami-
nation. The rocks representing environmental back-
ground are hardly got in the study area. The old struc-
tures are completely changed owing to intensive human
activities. These are the reasons that the background
values are not collected under rocks or under old struc-
tures to reduce issues with contamination. Moreover, the
Shandong Province has plenty of mineral resource and
has caused the high level of background value because
the value is computed using the overall soil points in
Shandong Province. The study area is located in the
Yellow River Delta and has relative good in vegetation
and the low level of industrial development level in

YRD. However, the concentration is much lower than
Bai’s result in that the mean concentrations of these
heavy metals, except for As and Cd, were lower than
the Class I criteria (Bai et al. 2011b). Due to the effects
of tidal seawater, Suaeda salsa is the dominant plant
species in the tidal wetlands along the tidal ditch.
Moreover, the concentration of heavy metal is also
lower than in Gironde Estuary, France, Mekong River,
Sunderbanwetland in India, and Newington in Australia
(Table 9).

Numerical Soils Quality Guidelines (SQGs) have
been used in North America for both freshwater and
marine ecosystem and have been used to identify con-
taminants that are of concern in aquatic ecosystems
(MacDonald et al. 2000; Hu et al. 2013a, b). SQGs were
applied to this study for the assessment of the ecotoxi-
cological sense of trace element concentrations with the
threshold effect level (TEL) and probable effect level
(PEL) values (Long et al. 2000). The TELs were
intended to present chemical concentrations below
which adverse biological effects rarely occur, and the
PELs were intended to present the lower limit of the
range of chemical concentrations above which adverse
biological effects frequently occur (Gao et al. 2013).
The SQGs guidelines indicated that all of the soil sam-
ples except for As and Ni did not exceed the TEL.
However, the element As was present at 27 sites be-
tween the TEL and PEL values, which implies that
occasional biological effects could occur. These find-
ings demonstrated that an adverse toxic impact to the
estuary ecosystem might not be expected. However,
almost all of the samples did not exceed the PEL values,
and thus, toxic effects of long-term exposure to the
contaminants can be expected.

Environmental implication of heavy metal pollution

The soil environmental quality in China is affected by
many accumulated influences frommultiple factors, and
soil pollution is accumulated for a long period during an
economic and social development process. Human dis-
turbances provide a major stress on almost all ecosys-
tems (Chandra et al. 2013). Coastal and estuarine eco-
systems are now facing increasing metal pollution stress
(Pan and Wang 2012). The characteristics of coastal
ecosystems that are subjected to intensive anthropogen-
ic activities make them susceptible to heavy metal pol-
lution. Measures should be taken immediately to reduce
metal discharge from various anthropogenic sources
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because continued rapid economic growth is expected in
China. The State Council upgraded the “Shandong
Peninsula Blue Economic Zone Development Plan” into
a national strategy in January 2011. Therefore, the man-
agement of heavy metal contamination is critically
required.

The central government should implement a soil
restoration project and conduct soil pollution treatment
demonstration pilot work at typical sites and establish
soil pollution treatment technology systems step by step

and control the misuse of agricultural input material
during agricultural production. Environmental legisla-
tion that is related to the prevention of pollution in the
DKHNR is based on a range of national laws and
regulations. Policies that heavily emphasize economic
development should be amended because environmen-
tally friendly and sustainable long-term growth is need-
ed. Implementing and enforcing stricter environmental
regulations can decrease heavy metal pollution (Hosono
et al. 2011). Investigating heavy metal pathways,

Table 9 Mean soil heavy metal concentrations and As concentrations in major worldwide river deltas and the quality guidelines in various
countries (mg kg−1)

Location Cu Pb Zn Cd Cr As Ni Reference

Yellow River Estuary, Shandong 31.39 29.24 95.79 0.88 64.06 31.66 28.12 Bai et al. (2011c)

31.94 28.99 91.33 0.96 40.75 Bai et al. (2012)

Diaokouhe Natural Reserve, YRD, China 14.77 12.47 54.82 0.034 17.41 8.09 22.28 This study

Bohai Bay 22.7 21.7 71.7 33.5 30.5 Hu et al. (2013b)

Southern Bohai Bay 22.7 21.7 71.7 0.14 33.5 30.5 Hu et al. (2013a)

Coastal Shanong Peninsula (Yellow Sea) 20 28.4 74.7 57.8 31.2 Li et al. (2013)

Yangtze River Estuary 32.13 27.82 98.44 0.28 78.9 31.8 Zhang et al. (2009a, b)

Pearl River Estuary, Reclaimed wetland 51.52 32.23 127.41 1.18 104.68 48.14 Bai et al. (2011d).

68.2 32.3 311.1 4.22 Li et al. (2007)

Pearl River Estuary 63.9 68.3 172.0 80.7 46.6 Yang et al. (2012)

College Town, Guangzhou 42.4 73.7 166.9 1.1 95.4 40.8 Xiao et al. (2012)

Baiyangdian Lake, North China 43.02 30.72 128.76 0.67 81.33 38.37 43.85 Gao et al. (2013)

Changhua River Estuary, Hainan Island 15.0 27.0 73.7 0.09 53.1 9.5 23.0 Hu et al. (2013a)

Dongzhai Habor, Hainan Island 18 19 57 0.11 40 13 Qiu et al. (2011)

Gironde Estuary, France 24.5 46.8 106 0.48 78.4 18.7 31.7 Larrose et al. (2010)

Mekong River 53 35 138 0.5

Newington, Australia 71.3 121.9 229.0 MacFarlane et al. (2003)

Sunderban wetland, India 41.2 18.0 72.4 0.149 94.2 22.5 42.9 Chatterjee et al. (2009).

Class Ia 35 35 100 0.2 90 15 40 SEPAC (1995)

Class IIa 100 300 250 0.3 300 25 50

Class IIIa 400 500 500 1.0 400 30 200

TEL 35.7 35 123 0.596 37.3 5.9 18 Long et al. (1995);
MacDonald et al. (2000)

PEL 197 91.3 315 3.53 90 17 36

Average upper crust of East China 28 17 67 0.09 92 5.0 47 Rudnick and Gao (2003);
Gao et al. (1998)

Background valuesb 24 25.8 63.5 0.084 66 9.3 25.8 CNEMC (1990)

TEL threshold effect level, PEL probable effect level (MacDonald et al. 2000)
a Environmental Quality Standard for Soil (GB 15618-1995)
b Background value of Shandong Province (China National Environmental Monitoring Center 1990)
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mechanisms, and the response of marine organisms to
heavy metal contamination is fundamental to the imple-
mentation of preventative and remediative strategies.
Hydrological processes play an important role in metal
transportation and deposition and in typical anthropo-
genic disturbances (Caeiro et al. 2005; Pan and Wang
2012). Environmental impact assessment (EIA) can
contribute to heavy metal management by reducing
heavy metal pollutants that are generated by industrial
processes. EIA should also allow for the best dredging
and reclamation activity practices, to reduce the risk of
mobilizing the contaminants due to sediment distur-
bances (Naser 2013). Land-use and land-cover change
(LUCC) analysis have been proven to be an effective
way of determining the effects of human disturbances.
Long-term monitoring and assessment of pollution
levels both before and after the water transfer in the
Diaokouhe River should be conducted to provide tech-
nical decision-making support and to optimize ecologi-
cal water transfer plans. Therefore, further cooperation
between local and regional institutions and organiza-
tions that are concerned with scientific research and
the monitoring of heavy metal concentrations, such as
hydrological processes and LUCC analysis, is needed.

Conclusions

Due to rapid economic and industrial developments,
anthropogenic pollutants have increased substantially,
resulting in heavy metal contamination in coastal areas
in recent decades (Pan and Wang 2012). In the available
literature, Bai et al. (2012) applied a geoaccumulation
index, correlation analysis, factor analysis, and sediment
quality guidelines to compare soil heavy metal concen-
trations before and after flow-sediment regulation in the
tidal freshwater and salt marshes of the Yellow River
Delta. The results showed that the concentrations of the
heavy metals As and Cd in the marsh soils are much
higher after flow-sediment regulation than before (Bai
et al. 2012). Cui et al. (2011) analyzed nine heavymetals
in different media and aquatic organisms in newly
formed wetlands of the YRD. Bai et al. (2011b) used
the contamination index and integrated contamination
index to explore the wetland soils’ heavy metal concen-
tration along the tidal ditch and found that it was
contaminated at a low level by As and Cd and found
no contamination levels for Cr, Cu, Ni, Pb, and Zn. Li
et al. (2013) applied a geoaccumulation index,

enrichment factor, contamination factor, and PLI to
evaluate the degree of anthropogenic metal
contamination. Nie et al. (2010) analyzed the effects of
petroleum–hydrocarbon spillage on the concentrations
and distributions of heavy metals. Sun et al. (2013)
explored the P cycling in the two S. salsa marshes and
the low S. salsa marsh of the Yellow River estuary.
Moreover, Huang applied the HJ-1 remote sensing data
to monitor wetland restoration in the abandoned Yellow
River Delta. From the above analysis, we can see that
there is little literature to explore the soil heavy metal
properties especially since the wetland restoration poli-
cy was implemented. The study sampled soil profiles to
monitor the heavy metal status using statistical analysis,
such as cluster analysis, geoaccumulation index, and
pollution load index, to identify potential natural and
anthropogenic sources. The surficial and vertical distri-
butions of trace metals in the soil profiles of different
land-use types in the DKHNR were examined. In gen-
eral, the heavy metal concentrations decreased with
depth, which indicates recent heavy metal pollution.
Strengthened hydrodynamic conditions and a change
in soil properties could be the major causes for redistri-
bution, deposition, and accumulation of heavy metals.
The correlation analysis results demonstrated a signifi-
cant and positive correlation (P<0.01) between Cr and
Ni, Cr and Pb, Cu and Pb, Ni and Pb, and Pb and Zn due
to anthropogenic activities, whereas no other significant
correlations were found among the other metals.
Moreover, the concentrations were well below the
Class I criteria for all metals, which indicates that ad-
verse effects on aquatic biota should rarely occur.
Moreover, As, Cr, Cu, Ni, Pb, and Zn had lower
geoaccumulation index values, averaging less than 0 in
the three soil layers, which indicated that the soils have
remained unpolluted with respect to Cu, Pb, and Zn. The
contamination factor (CF) also revealed that the region
has appeared to have relatively low contamination
levels. The PLI results strongly suggested that the study
area has not been polluted by anthropogenic activities.
Furthermore, the CF and Igeo also clearly indicate that
the coastal ecosystems remain in their pristine state with
respect to metal pollution (Wang et al. 2013). The results
obtained deepen our understanding and expand our
information about soil heavy metal vertical changes in
coastal and estuarine deltas and could provide useful
comments for land use management and soil
remediation in environmental protection. We have little
knowledge of the heavy metal concentrations in the
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abandoned Yellow River Delta in recent years, and it has
been thought that contamination of heavy metals in the
abandoned Yellow River Delta should be relatively
large owing to the deterioration of the river estuary.
Cui et al. (2011) found that the concentrations of heavy
metals in the newly formed wetlands are lower than
those in other similar regions due to having fewer ex-
posures to contamination. To our surprise, the soil heavy
metal concentration in the DKHNR is lower than in
other major estuarine wetlands. However, an increase
in the heavy metal concentrations was monitored by
comparing the concentrations that were obtained during
the study with those data that were obtained during the
1990s.

A better understanding of the current heavy metal
pollution status in coastal ecosystems is important for
the sustainable development of marine ecosystems.
Additional studies are required to confirm changes in
the heavy metal characteristics and their accumulation
processes before and after restoration projects. The na-
tional “Shandong peninsula Blue Economic Zone
Development Plan” compels further understanding of
the distributions and potential risks of metal pollution
along the eastern coast of China, where rapid economic
and urban development has occurred and metal pollu-
tion has become a noticeable problem. The regions
continue to face the impact of increased anthropogenic
activities, and these areas should be listed as important
ecological system protection zones for the reserved
Yellow River flow path; large-scale industrial develop-
ment should be prohibited. Therefore, more stringent
environmental protection measures are required to con-
trol and monitor heavy metal concentrations and distri-
butions due to the discharge of heavy metals from
anthropogenic sources.
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