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Abstract Surface soils (0–20 cm) were collected at five sam-
pling sites along a 250-m sampling zone perpendicular to a tidal
creek in the T. chinensis wetland of the Yellow River Delta of
China in June, August and November of 2007 and April of
2008. Soils were assessed for the spatial and temporal distribu-
tions of metals (As, Ni, Cr, Zn, Pb, Cd and Cu) and the potential
risk to the T. chinensis wetland. Our results showed that the
mean contents for all metals exceeded the background values of
the Yellow River Delta, except for Pb and Zn. Arsenic content
exceeded the probable effect level values at all sampling sites
during the four periods. A multivariate analysis indicated that
As, Cd, Pb and Zn were derived from the same origin, Cr and
Ni mainly originated from parent rocks, whereas Cu and Pb
have another same origin. The geoaccumulation index (Igeo)
indicated that there was no Cu, Pb or Cr pollution at five
sampling sites during all sampling periods. The average toxic
units (TU) of metals in this region followed the order As>Ni>
Cr>Zn>Pb>Cd>Cu. Three metals contributed more to the
∑TUs (sum of the toxic units) than other metals, as follows:
As (40 %), Ni (20 %) and Cr (20 %).
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Introduction

Coastal wetlands are ecosystems and interaction ecotones that
are located between terrestrial and aquatic systems. By func-
tioning as a natural filter, coastal wetlands can remove

chemicals and pollutants from the water (Qin and Mitsch
2009). Wetland soils serve as a source, sink and transfer for
chemical pollutants, including organic compounds and
metals, because of the physico-chemical processes of adsorp-
tion, ligand exchange and sedimentation (Reddy and DeLaune
2008; Lau and Chu 2000). The environmental behavior of
metals in wetland soils primarily depends on their specific
chemical forms and on their binding state, which influence
their bioavailability, mobility, and toxicity to organisms
(Passos et al. 2010; Wang and André 2009). However, accel-
erated physico-chemical processes such as the decalcification,
desalinization, and the oxidation of reduced iron, manganese
and sulfur compounds that occur in wetland soils may affect
the stabilization of trace metals (Giani et al. 2003; Jacob and
Otte 2003). Moreover, metal pollution is persistent and
bioaccumulates in ecosystems (Wu et al. 2012; Gao and Chen
2012).Metals, immobilized in the soils, can be accumulated in
aboveground plant tissues which can enlarge food chain con-
tamination. Finally, litter containing metals, often with in-
creasing concentrations during decomposition, can be taken
up by detritus feeders or can be transported to the estuary
(Teuchies et al. 2012). Meanwhile, if plentiful amounts of
metals are accumulated in plants, it will adversely affect the
absorption and transport of essential elements, disturb the
metabolism and have an impact on growth and reproduction,
which can further affect the productivity of wetlands (Xu and
Shi 2000). Moreover, environmental changes such as those
affecting global climate and environmental pollution can also
lead to the degradation of wetlands (Liu et al. 2014). There-
fore, a better understanding of dynamic changes in metals can
contribute to wetland conservation and management and hu-
man health.

Over the past few decades, increasing metal contamination
has attracted more public concerns because of urbanization
and reclamation activities (e.g., agriculture, aquaculture, har-
bor construction and traffic) in coastal regions (Li et al. 2014),
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such as in the Pearl River Delta (Bai et al. 2011a), the Niger
Delta (Olawoyin et al. 2012) and the Mekong River Delta
(Cenci and Martin 2004). Bai et al. (2011a) posited that
wetland reclamation might increase metal contents in wetland
soils. Abdallah (2011) noted that agriculture and aquaculture
could also elevate metal (e.g., Cd) in lagoon sediments. Pre-
vious studies also demonstrated that traffic could bring a high
potential risk of metal pollution in roadside soils through
deposition and road runoff (Bai et al. 2009; Chen et al.
2001). More recently, Bai et al. (2012) reported that the
flow-sediment regulation regime also elevated metal levels.

The Yellow River Delta (YRD) is one of the most active
regions of land-ocean interactions and is under huge pressure
from enormous environmental deterioration originating from
agriculture, aquaculture, and road and harbor construction.
Some studies regarding heavy metal pollution and land-use
effects have been performed in the natural coastal wetlands in
this region (Bai et al. 2011a, 2012). However, little is known
about the spatial and temporal variation of metals in the
coastal salt marshes. Therefore, the primary objectives of this
study are (1) to investigate seasonal changes in the distribution
of selected metals (As, Cd, Cr, Ni, Cu, Pb, and Zn) in marsh
soils of the T. chinensis wetland in the YRD, (2) to identify
their sources using multivariate analysis, and (3) to evaluate
the ecotoxicity and potential ecological risks from these
metals.

Materials and Methods

Site Description

This study was conducted in the Yellow River Delta (YRD)
(36°55′–38°16′N, 117°31′–119°18′E) (Fig. 1), which is in
Eastern China on the coast of the Bohai Sea. It has a warm
temperate continental monsoon climate with distinct seasons.
The average temperature is 12.1 °C with 196 frost-free days.
The annual evaporation is 1962 mm and the annual average
rainfall is 552 mm, with approximately 70 % of the precipita-
tion falling from June to August. Intrazonal tidal soil and salt
soil are the dominant soil types in the study area (Zhang et al.
2013). The Yellow River Delta is one of the most integrated,
widest, and youngest wetland ecosystems in China (Jiang
et al. 2012). The coastal wetlands, which are strongly affected
by societal and economic development, are an ecologically
fragile area that is threatened by wetland drainage for conver-
sion to farmland, channel construction and road reclamation.
Moreover, there has been a flow-sediment regulation scheme
from June to July of each year since 2002 by the Yellow River
Conservancy Commission to control the discharge of water
and sediments from the Xiaolangdi Reservoir and scour the
lower reaches (Bai et al. 2012).

Sample Collection and Analysis

Five sampling sites (Sites A, B, C, D and E) were selected
along a 250-m sampling zone perpendicular to a tidal creek in
June, August, and November of 2007 and April of 2008. Soil
samples in the top 20 cm depth were collected with three
replicates at each of the five sampling sites. All soil samples
were then placed in polyethylene bags and brought to the
laboratory. All collected samples were air-dried at room tem-
perature for 3 weeks and sieved through a 2-mm nylon sieve
to remove coarse debris and then ground using a pestle and
mortar until all particles could pass through a 0.149-mm nylon
sieve.

The soil samples were digested with a HClO4-HNO3-HF
mixture in Teflon tubes. Approximately 0.10 g of dried soil
were transferred to an extraction vessel with 3 ml HNO3, 1 ml
HClO4 and 1 ml HF and digested at a temperature of 160 °C
for 6 h. The residue was then dissolved in 1 ml of 4 M HCl,
diluted to 10ml with deionized water and analyzed for As, Cd,
Cr, Cu, Ni, Pb, Zn, P and S. The digested sample solutions
were analyzed by inductively coupled plasma atomic emis-
sion spectrometry (ICP/AES). Quality assurance and quality
control were assessed with duplicates, method blanks and
standard reference materials (GBW07401) from the Chinese
Academy of Measurement Sciences (NSMMC 2010) for each
batch of samples (with one blank and one standard for each 10
samples). The recoveries of samples spiked with standards
ranged from 95 to 105 %. Total nitrogen (TN) was measured
using the Elemental Analyzer (Vario EI, Elementar Co., Ger-
many). Soil organic matter (SOM) was measured by using
dichromate oxidation (Walkley and Black 1934). Soil pH was
measured in 1:5 soil/water (m/v) suspensions with a Hach pH
meter (Hach company, Loveland, CO, USA). Salinity was
determined in the supernatant of 1:5 soil-water mixtures using
a salinity meter (VWRScientific, West Chester, Pennsylvania,
USA). Soil particle size was analyzed using a Laser Particle
Size Analyzer (Microtrac Inc., USA).

Geoaccumulation Index

The geoaccumulation index (Igeo) was first proposed byMüll-
er (1979) to assess the degree of soil metal contamination. Igeo
values are defined by the following formula:

Igeo ¼ log2
Cn

1:5Bn

� �

Where Cn is the measured concentration of metal (n) and
Bn is the geochemical background concentration of this metal.
There is a 1.5 background matrix correction factor that in-
cludes possible variations in the background values from
lithogenic effects (Müller 1979). In the present study, the
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background values were obtained on the basis of mean values
for the environmental background concentration of loess ma-
terials in the Yellow River (CNEMC 1990) (Table 1). The
geoaccumulation indexes were classified into seven classes as
follows: (i) unpolluted (Igeo≤0), (ii) unpolluted to moderately
polluted (0<Igeo≤1), (iii) moderately polluted (1<Igeo≤2),
(iv) moderately to strongly polluted (2<Igeo≤3), (v) strongly
polluted (3<Igeo≤4), (vi) strongly to extremely polluted (4<
Igeo≤5), and (vii) extremely polluted (Igeo>5).

Ecotoxicity Assessment

The probable effect level (PEL) and the threshold effect
level (TEL) were applied to assess the ecological risks
from metals (MacDonald et al. 2000). The PEL represents
the concentration above which adverse effects are expect-
ed to occur frequently, and the TEL represents the con-
centrations above which the toxic effects of long-term

exposure to these contaminants may be expected (Smith
et al. 1996). The toxic unit (TU), which is defined as the
ratio of the determined content to the probable effect level
(PEL), was used to assess the ecological toxicity. Peder-
sen et al. (1998) proposed that the potential acute toxicity
of the contaminants in a sample can be estimated as the
sum of the toxic units (∑TUs). The PEL and TEL values
for all studied metals are listed in Table 1.

Statistical Analysis

Pearson correlation coefficients were performed to identi-
fy the relationships among different metals. The relation-
ships between concentrations of the investigated metals
and selected soil properties (TP, TN, TS, SOM, pH, sa-
linity, sand, clay and slit) were also examined. PCA is one
of the most commonly used multivariate statistical tech-
niques in environmental studies to simplify the
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Fig. 1 Location map of sampling
sites in the Yellow River Delta
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interpretation of complex systems (Ravindra et al. 2008).
A complex data set is simplified by creating several new
variables or factors, each representing a cluster of interre-
lated variables within the dataset. Before performing
PCA, Kaiser-Meyer-Olkin (KMO) and Bartlett’s spheric-
ity tests were used to examine the validity of PCA.
ANOVA was implemented to test the significant differ-
ences of seven metals during the four seasons, respective-
ly. Differences were considered significant when P<0.05.
The coefficient of variation was calculated by the ratio of
standard deviation and average. A statistical analysis was
performed with SPSS 13.0 and Origin 8.0 software
packages.

Results

The Mean Concentrations of Metals Over Four Sampling
Periods

Figure 2a summarizes the average contents of total As, Cd, Cr,
Cu, Ni, Pb and Zn in the top 20 cm of soil from T. chinensis
wetlands during the four sampling periods. As shown in
Fig. 2a, the mean values of As, Cd and Zn exhibited the
highest level in August, while the lowest in November. The
average Cr and Ni levels were the highest in November and
the lowest in June. Moreover, the concentration of Cu and Pb
have no obvious change in the four sampling periods. Mean-
while, the Cr and Ni values exhibited significant differences
between June and the other months, and the Cd and Zn levels
showed significant differences among four sampling periods
except for November and April. However, no significant
differences in the Cu and Pb were observed among the four
sampling periods. From Fig. 2b, we can see that the coeffi-
cients of variation for all metals were less than 0.3 over the
four sampling periods except for Zn (0.33) in November. The
mean contents of all metals in the study periods exceeded their
background values in the Yellow River Delta, except for Pb in
April and November and Zn in April. In particular, the mean
levels of As and Cd were approximately 3.91 and 12.21 times
higher than the background values for As and Cd (Table 1). In
comparison with other larger deltas throughout the world, the
As, Cd and Cr levels in this study were higher, whereas there
were lower levels for Cu, Ni, Pb and Zn (Table 2).

Spatial and Seasonal Variation in Metals Over Four Sampling
Periods

The spatial and temporal distributions of heavy metals in the
top 20 cm of soils are illustrated in Fig. 3. We observed that
the concentrations of Cu and Pb showed no obvious fluctua-
tions along the sampling zone over the four sampling periods.
When compared to the TEL-PEL sediment quality guidelines,
the concentrations of Cu and Pb during the four sampling
periods were lower than the TEL value at 100 % of all
sampling sites, while As showed values higher than the PEL
at 100 % of all sampling sites during the four sampling
periods. Meanwhile, the concentration of Cd and Zn showed

Table 1 The regional background values and sediment quality guidelines

As Cd Cr Cu Ni Pb Zn

Backgroundb values 10.7 0.095 68 21.1 27.6 21.6 64.5

TELc 5.9 0.596 37.3 35.7 18 35 123

PELc 17 3.53 90 197 36 91.3 315

b Background values in the Yellow River Delta. (China National Environmental Monitoring Center 1990)
c TEL threshold effect level, PEL probable effect level (Long et al. 1998; MacDonald et al. 2000)
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an obvious fluctuations in August along the sampling sites.
The concentration of Cd in all sampling sites in June and
August were higher than their TEL value. However, with the
exception of Sites A and B in August, the concentration of Zn
were all less than their TEL value. On the other hand, the
concentration of Ni fell in the range between TEL and PEL in
June along the sampling sites except for Site A. Moreover, the
concentration of Ni showed a trend of decline along the
sampling sites in June. Amongst the four sampling periods,
the concentration of Cr mostly fell in the range between TEL
and PEL along the sampling sites.

Principal Component Analysis

The 15 variables in this study were summarized by three
principal components. The three principal components (PC1,
PC2 and PC3) were extracted with eigenvalues>1 when ap-
plying varimax rotation, accounting for the majority
(82.90 %) of the total variances (Table 3). The first principal
component (PC 1), with a variance of 41.3 %, was highly
correlated with As, Cd, Pb, Zn, pH, TP, salinity and silt. PC 2
explained 28.5 % of the total variance with significant load-
ings on Cr and Ni. PC 3 explained 13.2 % of the total variance
with significant loadings on Cu, Pb and TN.

Assessment of Metal Pollution Using Igeo

Temporal changes in the Igeo of the metals are illustrated in
Fig. 4. According to the Müller scale (Müller 1979), all of the
sampling sites had Igeo values for Cr, Cu, Ni and Pb that were
below zero during the four sampling periods. Moreover, the
Igeo values for Zn were grouped into Class II (0<Igeo≤1) in
August at Site A and Site B. However, both As and Cd
showed a higher contamination level at all five sampling sites
in the four sampling periods. The Igeo values of As at all
sampling sites were grouped into Class II (0<Igeo≤1) in
November and April and Class III (1<Igeo<2) in August in

five sampling sites. All of the Igeo values of Cd were grouped
into Class III (1<Igeo<2) in November and April, Class IV (2
<Igeo<3) in June and August at Site A, Site D and Site E, and
Class V (3<Igeo <4) in August at Site B and Site C. Generally,
the higher Igeo values of these heavy metals were observed at
sampling sites in August rather than other sampling periods.

The Ecological Toxicity of Metals in Surface Soils

Figure 5 shows the TU and the sum of the TUs (∑TUs) of all
metals in the top 20 cm of soils at five sampling sites during
four different sampling periods. The average TU value of
metals in this region followed the order As > Ni > Cr > Zn
> Pb > Cd > Cu. As, Ni and Cr made higher contributions to
the ∑TUs (i.e., 40.3±7.2, 22.3±4.6, and 19.7±4.6 %, respec-
tively) than the other metals at all sampling sites. However, Cu
contribution to the ∑TUs was the lowest (2.6±0.4 %). The
sum of ∑TUs for all metals in August showed relatively
higher levels when compared with other sampling periods.
The ∑TU values in this study soil were generally all greater
than 4, except the values from Sites C, D and E in June and
Sites A and B in April. The ∑TU value at Site B in August
even exceeded 6.

Relations Between Metals and Soil Properties

A correlation analysis was performed on the basis of all of the
measured data in four sampling periods to determine the
relation between metals and physico-chemical properties. As
shown in Table 4, there were significant correlations among
As, Cd and Zn. Significant correlations were also observed
between Cr and Ni, and between Cu and Zn. With the excep-
tion of Cu, all metals showed significant correlations with P.
Moreover, pH and salinity were significantly and positively
correlated with As, Cd and Pb. Meanwhile, the data showed
that positive correlation exists between Pb and Zn, As and Cd.
However, no significant correlation was observed between

Table 2 A comparison of average heavy metal concentrations in wetland soils from different river deltas

Country/Region As Cd Cr Cu Ni Pb Zn References

China

Yellow River Delta 31.03 0.68 78.59 22.26 35.6 21.01 82.71 This study

Pearl River Estuary, Wanqingsha — 1.18 104.68 51.52 48.14 32.23 127.41 Bai et al. (2011a)

Liaodong Bay 8.3 — 46.4 19.4 22.5 31.8 71.7 Hu et al. (2013)

Yangtze River Delta, Changshu — 0.168 53.4 30.5 — 44.5 90.1 Hang et al. (2009)

Outside of China

Niger Delta, Nigeria — 1.307 13.22 28.29 42.71 895.0 58.26 Olawoyin et al. (2012)

Nile Delta, Burrullus Lagoon, Egypt — 0.086 — 48.05 88.94 8.22 96.54 Chen et al. (2001)

Red River Delta, Vietnam — 0.17 88.2 45.3 — 52.1 108 Phuong et al. (2010)

— not available
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metals, SOM and S in this study. Additionally, total N had no
significant correlation with metals except for Pb. As, Cd and

Zn concentrations were significantly affected by slit in this
studied area.
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Discussion

The Spatial and Seasonal Dynamics of Metals

The coefficients of variation for all the metals in our study
(<0.3) fell in the medium spatial variation range defined by
Cambardella et al. (1994). Most metals showed the highest
mean concentration in November, such as Cr, Cu, Ni, and Pb.
In general, most of the metals were significantly higher in
winter, which is due to climatic variation during summer and
winter. Soil organic matter content is also the most dominant
factor controlling the concentration and retention of these
elements in the soils. High organic matter plays an important
role in the soil structure, water retention, cation exchange and
formation of complexes (Yahaya et al. 2009). The phenomena
of high metal concentration in soils during winter were also
explained by Niskavaara et al. (1997), where they observed
that during late autumn and winter the debris from the dying
vegetation is accumulated on the soils, increasing the
concentration of all these components. Similar to our
findings, Iqbal and Shah (2011) reported that most of the
precipitation was observed in summer which partially
removes the soluble metal concentrations from the soil,
whereas winter mostly remained dry thereby accumulating
the deposited metal contents in the soil. However, Cd, As

and Zn showed the highest concentrations in Summer, which
were associated with the flow-sediment regulation in July.
Because the increased input and retention capacity during
the flow-sediment regulation can lead to increased precipita-
tion and deposition of particulate metals to the surface soil
(Bai et al. 2012). Additionally, microbial activity in the soil
will be greater in the summer but it is unclear whether this
would increase metal levels by accumulation or decrease them
by mobilization. Moreover, contrasted to Pb, Cr had obvious
fluctuation along the sampling sites from A to E, which might
be related to salinity gradient along the sampling sites from A
to E. Du Laing et al. (2009) reported that soluble Cr can be
enhanced with increasing salinity, whereas the salinity do not
significantly affect Pb mobility. Some researchers have report-
ed that environmental factors affecting variability in metal
concentrations of surface soil layers can be further complicat-
ed by interrelationships with anthropogenic inputs (Bibby and
Webster-Brown 2005; Duquesne et al. 2006). If anthropogen-
ic inputs were relatively constant, temporal variation would be
dictated by in situ environmental factors. However, if anthro-
pogenic inputs were sporadic and/or extreme, contaminant
input would determine both spatial and seasonal distribution
(Boyes and Elliott 2006; Shepherd et al. 2006).

The mean contents of Cu, Pb, Ni and Zn in the soils from
the Yellow River Delta were generally lower relative to other
larger deltas around the world (e.g., the Pearl River Delta,
Yangtze River Delta, Niger Delta, and the Red River Delta,
Table 2). This implied that metal pollution in YRD is less
serious than in deltas of other major rivers, probably due to the
lower degree of industrialization in the Yellow River Detla.
However, comparing the concentrations obtained from this
research with those obtained during the 1990s, metal pollution
aggravated in this delta in the last decade, which mainly due to
the intensive human activities, the rapid development of petrol
oil industries, irrigated agriculture and sediment movements
resulting from the flow-sediment regulation of Xiaoliangdi
Reservoir.

Correlation Between Metals and Selected Soil Properties

Soil properties play an important role in the mobility and
bioavailability of metals, thus influencing their distribution
in soils (Khan et al. 2008). Although some researchers have
demonstrated that soil organic matter can act as a major sink
for metals due to its strong capacity for complexing metallic
contaminants (Bai et al. 2010), metals were not significantly
correlated with soil organic matter in this study. This is in
agreement with the conclusions concluded by Fitz andWenzel
(2002), that no evidence were observed that soil organic
matter contributed to the sorption of significant amounts of
As in soils. Moreover, total P was closely related to Pb and Zn
in this study soil because the phosphate can reduce Pb or Zn
mobility by ionic exchange and the precipitation of newly

Table 3 Total variance as explained by using principle component
analysis (three principal components are selected)

Element Factor matrixes

F1 F2 F3

As 0.791 −0.001 −0.307
Cd 0.800 0.144 −0.336
Cr −0.060 0.915 −0.069
Cu 0.547 0.388 0.602

Ni −0.004 0.852 0.353

Pb 0.673 −0.019 0.684

Zn 0.747 0.229 −0.281
SOM 0.057 −0.369 0.526

TP 0.633 −0.427 0.157

TN 0.279 −0.083 0.812

pH 0.628 0.218 −0.186
Sand 0.473 0.358 0.361

Clay 0.528 0.417 0.434

Slit 0.624 0.239 0.377

Salinity 0.685 0.402 0.512

Initial eigenvalue 3.024 1.685 1.071

Variance % 41.267 28.453 13.179

Cumulative % 41.267 69.72 82.90
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formed minerals with low solubility and bioaccessibility
(Scheckel and Ryan 2003; Kumpiene et al. 2008). Addition-
ally, concentrations of As, Cd and Pb were significantly

correlated with soil pH. Numerous studies have
demonstrated the importance of pH in determining the fate
of metals in soils, Lead et al. (1999) has been observed that a
small shift in pH can produce a sharp increase in particulate
metal concentrations, and further, that Pb and Cu are more
strongly bound to oxy-hydroxide surfaces than other metals,
e.g. Ni and Zn (Forstner 1987).What’s more, the narrow range
of pH (7.78–8.98) measured in the sampled topsoils would
contribute to the lowest mobility of some metals because of
subalkaline environment (Kumpiene et al. 2008), which could
result in their accumulations in soils. Meanwhile, the CaCO3

in calcareous soils could lead to Cu, Zn and Pb precipitation as
CuCO3, ZnCO3 and PbCO3 (De la Fuente et al. 2008), which
were their dominated forms in alkaline soils and all of them
were difficult to be assimilated by plants (wang et al. 2007). It
is reasonable to see a significant positive correlation between
salinity and most metals (Che et al. 2010). What’s more, slit
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had positive correlation with As, Cd and Zn, which can be
interpreted that the specific surface area of soil increases as the
particles become finer, leading to an increase in the effective
contact area between adsorbent and adsorbate, this result in
the adsorption of large amounts of metals (Shim et al. 2003).

Possible Sources Based on Principal Component Analysis

The significantly positive correlations among these metals using
pearson’s correlation matrix suggested, to some extent, a com-
mon source (Al-Khashman and Shawabkeh 2006). However,
the significant correlation is not always expected to be a com-
mon source (Ham and Pazira 2011). It implies that the single
correlation analysis may not be enough for source identification
ofmetals and it should be conducted together with other analysis
tools. Therefore, PCAwas performed on these metals, TP, TN,
TS, SOM, pH, salinity and particle size. KMO and Bartlett’s
results were 0.81 and 1674.31 (p<0.01), indicating that PCA
may be useful in dimensionality reductions. Generally, the com-
ponent total of >0.60 is regarded as a major contributor while
<0.30 as a minor contributor. In this study, As, Cd, Pb and Zn
were grouped into PC 1, indicating that they might be derived
from common sources. Heavy applications of agrochemicals
and fertilizers in the Yellow River drainage plain in addition to
the oilfield pollution in this regionmight be important sources of
these metals (Li et al. 2006; Bai et al. 2011b; Krishna et al.
2011). Tang et al. (2010) observed that higher As and Cd
contents in the seawater of the Yellow River Estuary were
primarily affected by inputs from the Yellow River. Some
studies also indicated that Zn in theYellowRiver Delta primarily
originates from anthropogenic activities in the upper stream
region (Han 2009; Song et al. 2013). Cr and Ni (grouped into
PC 2) belong to the siderophile elements, and they are the
primary rock-forming elements (Okbah et al. 2014). It is easy
for them to enter into iron magnesium silicate minerals, because
of their similar ionic radius. These elements association are
considered to represent the lithology of the study area, indicating
a lithogenic origin from the loess materials of the Loess Plateau
(Bai et al. 2012) and a natural input; i.e., they are derived from
terrigenous detritus material transported by surface runoff
(Krishna et al. 2011). Cu and Pb were grouped into PC 3,
indicating that they might originate from another common
source such as tidal seawater. Additionally, conventional on-
shore crude oil extraction came from venting and flaring oper-
ations, and volatilization caused air emissions of toxic heavy
metals such as lead (Khoo and Tan 2006). Meanwhile, atmo-
spheric deposition was also a source of metals in Yellow River
Delta (Luo et al. 2010). As shown in Table 3, significant
correlations among these metals (e.g., As, Pb and Zn, Cr and
Ni) further implied that they had common sources, which is
consistent with the result of the principal component analysis.
Additionally, Pb and Zn were significantly correlated with soil P

and N, which also implied that they might have a similar origin
(e.g., agricultural runoff and intensive fertilizer application).

Contamination and Toxicity Assessments of Metals
in Wetland Soils

Possible enrichment of metals in wetlands soils was evaluated
using geoaccumulation (Igeo) (Müller 1979). The contamina-
tion level is assessed by comparing the present concentration
with preindustrial levels. The geoaccumulation index (Igeo) of
target elements indicated that there was no Cu, Pb and Cr
pollution at five sampling sites for all sampling periods in the
study area, that As was present at unpolluted to moderate
pollution levels in November and April and moderate to
strong pollution level in June and August, whereas Cd was
present at a moderate pollution level in November and April,
and moderate or moderate to strong pollution levels in June
and August. The high concentrations of Cd and As from June
to August might be related to the sediment movements
resulting from the implementation of flow-sediment regula-
tions in the Xiaolangdi Reservoir in July (Bai et al. 2012).

The TU approach is mostly used to test the response
addition model for chemical mixtures by comparing the likely
relative toxicity induced by elements (Horvat et al. 2007). The
toxicity assessment of the selected samples showed that As,
Ni and Cr had higher contribution rates to the sum of the TUs.
Cd made a lower toxicity contribution despite its higher
pollution level on the basis of the Igeo assessment. As a result
of the much higher PEL value of Cd, this assessment would
certainly underestimate their toxicity when using a TU ap-
proach. Therefore, a complementary approach including stan-
dard soil criteria and diffident assessment methods should be
considered to provide a more accurate and comprehensive
assessment of the risk frommetals to the environment. What’s
more, the higher TUs of metals were clearly observed in
August, indicating that the flow-sediment regulation might
increase the ecological risks in this region (Bai et al. 2012).
Based on the analysis results of Igeo and TUs, arsenic contam-
ination was generally serious in this region with higher As
levels exceeding the PEL value. Moreover, Kupchella and
Hyland (1986) presented that the substance containing As
might be transformed by the addition of carbon and hydrogen
as a methyl group (CH3) resulting in methylarsines—which is
muchmore toxic to living things than the unmethylated forms.
Therefore, arsenic should be taken into consideration espe-
cially separately from other metals in this study area.

Conclusions

The present study illustrated obvious spatial and seasonal
variations of the selected metals contents in surface soil
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samples. The results showed that most metals have the highest
mean concentration in November, such as Cr, Cu, Ni, and Pb.
However, Cd, As and Zn showed the highest concentrations in
Summer, which were particularly associated with the flow-
sediment regulation in July. Moreover, contrasted to Pb and
Cu, Cr, As and Ni had obvious fluctuation along the sampling
sites from A to E, which might be related to salinity gradient
along the sampling sites from A to E. Slit, pH and salinity had
obvious effects on the concentration of metals. PCA and
person’s correlation matrix analysis showed that As, Cd, Pb
and Zn originate from heavy applications of agrochemicals,
oilfield pollution and tidal seawater, while Cr and Ni might
originate from parent rocks. Additionally, Pb and Zn were
significantly correlated with soil P and N, which also implied
that they might have a similar origin (e.g., agricultural runoff
and intensive fertilizer application). Although soil metals
showed low contamination in this region, it is necessary to
control As pollution to protect ecological security. These
results could be used as a contribution to the knowledge and
rational management of the Yellow River Delta.
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