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Abstract

Mudflats  play  a  vital  role  in  maintaining  the  dynamic  balance  between  sea  and  land.  To  understand  the
characteristics, sources, and pollution risks of six heavy metals (As, Cd, Cr, Cu, Hg, and Pb) in the coastal mudflats
on the Leizhou Peninsula, 257 surface sediment samples were studied using mathematical statistics, correlation
analysis, and factor analysis. The results show that the overall concentrations of these heavy metals are low
although there are several high abnormal points in the local areas. The strong correlation between these heavy
metals indicates that the sources of some of the metals are similar, yet their elemental combinations in different
cities (counties) varied. According to the calculated enrichment factor (EF), anthropogenic activity-induced heavy
metals were determined in order of decreasing influence: As, Cd, Pb, Cr, Cu, and Hg. The low EF values of Hg
indicate that it does not present as a contaminant in the study area, while low values of Cr and Cu from the
Lianjiang City suggest that these two metals were also attributed to natural sources. The presence of As, Cd, Cr,
Cu, and Pb from the remaining cities (counties) should be influenced by anthropogenic activities. The overall
potential ecological risk index indicates that the ecological risks posed by the six analyzed heavy metals to the
Leizhou Peninsula mudflats, in order of decreasing risk, are Cd, As, Hg, Pb, Cu, and Cr. It is noteworthy that only
Cd in Lianjiang City demonstrated substantial ecological risk. Other examined heavy metals in other cities of the
study area showed slight ecological risk.
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1  Introduction
Mudflats are found in the tidal zone where strong land-sea in-

teractions exist. They are influenced by multiple factors such as
tides, waves, rivers, geological formations, and climate change,
and play a vital role in maintaining the dynamic balance between
sea and land. The mudflat environmental changes are closely re-
lated to coastal economic development and social progress, and
have a big significance in maintaining regional and global eco-
system balance (Bastami et al., 2014; Cui et al., 2016; Gao and
Chen, 2012; Kulkarni et al., 2018). Mudflats are also the primary
sources, sinks, and converters of various pollutants, playing a
critical role in the prevention and control of water pollution as
well as elemental cycling (Gao and Li, 2012; Wang et al., 2013; Wu
et al., 2014).

Environmental pollution has led to increasing degradation of
ecosystem service functions in coastal mudflat wetlands. As typ-
ical cumulative pollutants, heavy metal elements have substan-

tial biological toxicity and pose persistent threats to human
health and the ecological environment (Cai et al., 2003, 2019a, b;
Tang et al., 2008; Chen et al., 2015; Zhang et al., 2019; Wang et al.,
2020). In 1986, China conducted the first national survey of
coastal zone and seabed resources (Xi, 2004). Since 2002, the
China Geological Survey has conducted environmental geo-
chemical studies of heavy metals in various media such as soil,
rock, sediment, and atmospheric fallout on a national scale (Xi,
2007). This has also involved the study of heavy metals in the
coastal zone (Xi, 2005). The State Oceanic Administration of
China conducted a special study on the pre-evaluation of an off-
shore marine comprehensive survey, which covered the investig-
ation of heavy metals in offshore sediments (Jiang et al., 2015;
Chai et al., 2019; Huang et al., 2020). However, these previous
studies were national large-scale survey studies, which have the
shortcomings of fewer samples and lack of representativeness.
Lacking of sufficient studies on hotspot areas could not well sup-  
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port the reasonable exploitation and ecological protection of loc-
al mudflats.

The Leizhou Peninsula is surrounded by sea on three sides.
Its 1 556 km long coastline ranks the first among prefecture-level
cities in China, accounting for 46% of the coastline of Guang-
dong Province and 10% of that for the country (Fig. 1). Offshore
mudflats are rich in resources. The area of mudflats that can soon
be exploited is 99.56×104 km2, accounting for about 48% of the
province and 5% of the country. The development of mudflats
has prompted a new boom in land development. Irrational devel-
opment could destroy and waste resources, cause ecological de-
gradation, and hinder or destroy the productivity of the mudflat
system. It is of foremost importance to study and explore the ra-
tional development and utilization of seabed resources to pro-
mote the harmonious development of society, economy, and the
environment in coastal areas. However, research on the mud-
flats of the Leizhou Peninsula has been restricted to small areas
and limited numbers of organic pollutants. Systematic research
on the overall regional geochemical characteristics and the chan-
ging geochemical patterns of hazardous elements is lacking
(Zhang et al., 2012; Gan et al., 2013; Li et al., 2014; Yang et al.,
2020). The study of environmental geochemistry in the Leizhou
Peninsula coastal mudflats is beneficial for promoting the local
ecological and sustainable development, and can provide an ef-
fective basis for the development and utilization of mudflat re-
sources.

The aim of this study is to understand the characteristics,
sources, and pollution risks of six heavy metals (As, Cd, Cr, Cu,
Hg, and Pb) in surface sediments of the coastal mudflats on
Leizhou Peninsula. The study is based upon the following hypo-
theses: (1) concentrations of the selected heavy metals are low;
(2) these heavy metals are derived from similar sources; (3) an-
thropogenic influences on the presence of the analyzed heavy
metals are minimal. To test these hypotheses, surface sediment
samples are studied using mathematical statistics, correlation
analysis, and factor analysis.

2  Materials and methods

2.1  Overview of the study area
The Leizhou Peninsula, located at the intersection of Guang-

dong, Guangxi, and Hainan provinces, is in the southernmost
part of mainland China and the southwestern part of Guangdong
Province (Fig. 1). It is surrounded by the South China Sea to the
east, the Qiongzhou Strait to the south, and the Beibu Gulf to the
west. The geographical coordinates are 20°12′N to 21°55′N,
109°39′E to 110°57′E. The administrative area covers three cities,
two counties, and four districts, with a total population of 7.14
million. Xuwen coastal mudflats are wide and flat with an avail-
able farming area of 130 km2, equivalent to 18% of the county’s
arable land area. The intertidal area covers 169.7 km2, of which
145.3 km2 is mangrove, 66.5 km2 can be cultured and 51.5 km2

can be cultured at the 10 m isobaths, which is a unique condition
for the development of mariculture. In addition, Leizhou City is
rich in salt resources, owing to its long coastline, abundant sun-
shine, warm temperatures, and high evaporation. These features
provide unique resource advantages for the development of the
salt industry.

2.2  Sample treatment and analysis
Sample collection was conducted according to the Specifica-

tion for Multi-Target Regional Geochemical Surveys (Ministry of
Land and Resources of the People's Republic of China, 2015).

Sampling depths were 0–20 cm and original sample weights were
greater than 1 000 g. To avoid cross-contamination, each sample
was packed in a sealed polyethylene bag and stored frozen in a
cooler for transport to the laboratory for analysis. We collected
257 samples from the study area (Fig. 1).

Samples were analyzed by the Guangdong Geological Experi-
mental Testing Center. The samples were fully dried in a <45℃
constant temperature drying oven. After drying, they were
crushed by a non-polluting corundum disc machine, ground,
and washed with quartz sand and samples to be processed be-
fore the next sample processing batch. Samples were sieved (200
mesh sieve) to retain particle sizes ≤0.074 mm. Processed and
qualified samples were divided into separate aliquots according
to the requirements of the planned analytical methods.

Cd and Pb were analyzed by inductively coupled plasma
mass spectrometry (ICP-MS) with a Nexion 300X instrument. The
samples were weighed to 0.250 0 g in a polytetrafluoroethylene
crucible, decomposed with HCl-HNO3-HF-HClO4, heated in sec-
tions on an electric heating plate until the white smoke was ex-
hausted, boiled with 5 mL double dilution (1+1) of aqua regia,
cooled and fixed in a 25 mL plastic cuvette, and diluted 10 times.
The final concentration was determined by direct reading of ICP-
MS with Rh as the internal standard.

Cr and Cu were analyzed by ionophore spectrometry (ICP-
OES) with Optima 8300DV. The sample was weighed to 0.250 0 g
in a polytetrafluoroethylene crucible, decomposed with HCl-
HNO3-HF-HClO4, heated in sections on an electric heating plate
until the white smoke was exhausted, boiled with 5 mL (1+1)
aqua regia, cooled and fixed in a 25 mL plastic cuvette, shaken
well, and the ICP-OES concentration was determined by direct
reading.

As and Hg were analyzed by atomic fluorescence spectro-
metry (AFS) using an AFS-XGY-1011A. The sample was weighed
to 0.250 0 g in a plastic colorimetric tube, decomposed in an
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Fig. 1.   Map of the Leizhou Peninsula and the sampling points in
this study (blank circles).
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(1+1) aqua regia water bath, fixed to 25 mL, reduced by potassi-
um borohydride, and the concentration determined by cold
atomic fluorescence (AFS) for Hg. For As, the sample solution
was divided and reduced by thiourea-ascorbic acid, hydrogen-
ated by potassium borohydride, and the concentration determ-
ined by hydride atomic fluorescence (HG-AFS).

2.3  Evaluation methods

2.3.1  Enrichment factor (EF)
The enrichment factor method is widely used to study and

identify heavy metal pollution sources and distinguish between
natural and anthropogenic contributions. However, its back-
ground value selection is particularly important. In this study, the
elemental content in the soil of Leizhou Peninsula was used as its
reference element background value (Hanson, 2013; Costa-
Böddeker et al., 2017; Pignotti et al., 2018). As the same with
many previous studies, Al (Al2O3) was selected as the reference
element. The EF was calculated according to Eq. (1):

EF =

[
Cn/CAl

Bn/BAl

]
, (1)

where, Cn is the heavy metal element of the sample concentra-
tion (mg/kg), CAl is the sample Al (Al2O3) concentration (%); Bn is
the reference heavy metal element concentration (mg/kg), and
BAl is the reference Al (Al2O3) concentration (%).

It is generally accepted that EF<0.5 indicates no or zero con-
tamination. When 0.5<EF≤1.5, there is no or weak contamina-
tion, indicating that trace metals are mainly from crustal contri-
bution. Moderate contamination is indicated when 1.5<EF≤5,
and trace metals are mostly provided by non-crustal sources.
When 5<EF≤20, there is significant contamination, indicating a
greater anthropogenic influence. When EF>20, samples are
highly contaminated, indicating a high degree of anthropogenic
contamination (Liu et al., 2014).

2.3.2  Potential ecological risk index method
In 1980, the Swedish scholar Hakanson proposed the poten-

tial ecological risk index method (Hakanson, 1980) (Table 1). The
potential risk caused by water pollution is mainly influenced by
four factors: heavy metal concentration in sediment, metal pol-
lutant species, metal toxicity level, and the sensitivity of water
bodies to metal pollution (Sadiq et al., 2003; Wang et al., 2016,
2019). The calculation method is as follows:

Cf
i = Cs

i/Cn
i, (2)

Eri = Tr
i · Cf

i, (3)

RI =
∑

Eri =
∑

Tr
i · Cf

i, (4)

Cf
i Cs

i

Cn
i

Tr
i

where  is the pollution factor of element i;  is the measured
concentration of heavy metal i in the sediment surface layer; 
is the reference value of heavy metal i; Eri is the potential ecolo-
gical risk factor of heavy metal i;  is the toxicity response factor
of heavy metal i, and RI is the combined potential ecological pol-
lution index of multiple pollutants (Hakanson, 1980).

3  Results and discussion

3.1  Characteristics of heavy metal concentrations in mudflat sedi-
ments
We can see that in the Leizhou Peninsula mudflat surface

sediments, the concentration of As element ranges from 0.48
μg/g to 21.90 μg/g, with an average concentration of 5.34 μg/g.
Concentration of As decreases according to the following order:
Lianjiang City, Zhanjiang City, Xuwen County, Leizhou City,
Suixi County, and Wuchuan City. The As concentration in Lianji-
ang City is the greatest, with a mean value of 8.33 μg/g, higher
than that of East China coastal mudflat surface sediments. The
concentration of As is lower than the limit value of the marine
sediment quality class I standard. However, there are individual
points in Zhanjiang City, and the concentration range is between
Marine Sediment Standards I−II (Figs 2 and 3) (Table 2).

The concentration of elemental Cd ranges from 0.004 μg/g to
1.22 μg/g, with an average value at 0.055 μg/g. The Cd concentra-
tion in Suixi County is 0.06 μg/g and slightly higher than the re-
gional average. This is near the average concentration of ele-
mental Cd in the upper continental crust (UCC), mainly as a res-
ult of the weathering of regional rocks. The average concentra-
tion of elemental Cd in the remaining municipalities (counties)
was lower than the marine sediment quality Standard I. There is
only one point in Lianjiang City where the concentration range is
between Marine Sediment Standards I and II.

The elemental Cr concentration ranges from 0.76 μg/g to
309 μg/g, with an average of 57.40 μg/g. Among them, the lowest
average Cr concentration (9.30 μg/g) is found in Wuchuan City.
The highest average Cr concentration is from Xuwen County, and
exceeds the standard limit value of marine sediment quality of
elemental Cr Standard III, indicating a certain indication of pol-
lution. The average concentration of elemental Cr in Leizhou
Peninsula is slightly higher than the average concentration in the
East China coastal mudflats.

The average Cu concentration ranges from 0.13 μg/g to
102 μg/g, with an average of 14.39 μg/g. The average Cu concen-
tration is the lowest (2.95 μg/g) in Wuchuan City. Elevated con-
centrations are noted in Xuwen County, Leizhou City, and
Zhanjiang City. The coastal mudflats of Xuwen County demon-
strate the highest average Cu concentration at 19.53 μg/g. It is
higher than the average Cu concentration in coastal mudflats and

Table 1.   Grading criteria proposed by Hakanson (1980)
Er RI

Grading criteria Ecological risk level Grading criteria Ecological risk level

Er<40 low RI<150 low

40≤Er<80 moderate 150≤RI<300 moderate
80≤Er<160 high 300≤RI<600 high

160≤Er<320 very high RI≥600 very high
Er≥320 extremely high

      Note: Er: ecological risk; RI is the combined potential ecological pollution index.
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UCC in East China, and near the limits of the national marine

sediment environmental quality Cu Standard I.

The elemental Hg concentration ranges from 0.002 ng/g to

0.130 ng/g, with an average of 0.021 ng/g. The surface sediments

of Lianjiang City coastal mudflats contain the highest average Hg

concentration at 0.040 ng/g. The average Hg concentration found

in the coastal mudflats for all of the cities and counties in the

study area is low, and none exceeded the national environment-

al quality standards for marine sediments element Hg Standard I.

The elemental Pb concentration ranges from 2.80 μg/g to

69.50 μg/g, with an average of 14.92 μg/g. Leizhou City has the

lowest average Pb concentration (12.01 μg/g), while Lianjiang

City has the highest average concentration (31.01 μg/g). The con-

centrations are higher than those of the East China coastal mud-

flat sediments.

3.2  Correlation analysis of heavy metals in mudflat sediments
The SPSS Pearson correlation analysis was used to correlate

the heavy metals in the surface mudflat sediments of the coastal
cities and counties in Leizhou Peninsula. The correlations of
each city (county) existed at the p<0.01 and p<0.05 levels, indicat-
ing that the heavy metals in the surface mudflat sediments of
each province have some similar sources.

The loadings of heavy metal elements for each principal
factor were obtained by principal component analysis and ortho-
gonal rotation with great variance for the surface sediments from
the beaches in each city (county) of the Leizhou Peninsula (Ta-
ble 3). The percentages of eigenvalues for each principal factor
showed that the first two principal factors have accounted for
83.3% of the total information of the correlation between vari-
ables.

Tables 3 and 4 show that the analyzed six heavy metal ele-
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Fig. 2.   Box plot of heavy metal element concentrations in coastal mudflat sediments of Leizhou Peninsula.
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ments from Leizhou City coastal surface mudflat sediments rep-
resent 83.3% of the information according to the two principal

component eigenvalues response. The contribution of the first
principal component is 67.73%, which indicates that the factor
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Fig. 3.   Spatial distributions of heavy metal concentrations with reference to marine sediment standards, As (a), Cd (b), Cr (c), Cu (d),
Hg (e), and Pb (f) in the coastal mudflat sediment on Leizhou Peninsula.
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variables have high positive loadings on the concentrations of Cr,
Cd, Cu, and Hg. Because there is a pronounced positive correla-
tion between these four toxic metals, their sources may be the
same. The contribution of the second principal component is
15.57%. The variables included in this factor are As and Pb.
Among them, the correlation coefficients of As and other ele-
ments are less than 0.49, indicating a relatively weak symbiotic
relationship. Pb shows a substantial negative correlation with
other elements.

The six analyzed heavy metals in Lianjiang City comprise
88.8% of the information according to one principal component
eigenvalue response. The high factor loading and good correla-
tion indicate that the heavy metals in the mudflat surface sedi-
ments of the region are closely co-occurring and have similar
geochemical behavior characteristics.

The six analyzed heavy metals in Suixi County comprise
97.7% of the information according to one principal component
eigenvalue response. All elements have high positive loadings
and good correlations, indicating that they are of the same origin.

The six analyzed heavy metals in Wuchuan City represent
87.2% of the information according to two principal component
eigenvalues responses. The contribution of the first principal
component is 67.04%, indicating that the factor variables have
high positive loadings on Cu, As, and Cr concentrations. These
three toxic metals are significantly and positively correlated with
each other and have homology. The contribution of the second

principal component is 20.15%. This factor contained variables
such as Hg and Cr, which may mainly originate from industrial
wastewater.

The six analyzed heavy metals in Xuwen County comprise
89.3% of the information according to two principal component
eigenvalues. The contribution of the first principal component is
61.62%, suggesting that the factor variables have high positive
loadings on the contents of Cd, Cr, Cu, and Hg. Because there are
significant positive correlations among these four toxic metals,
they may have the same source. The contribution of the second
principal component is 17.65%. The variables included in this
factor are As and Pb, which have good correlations and are
closely co-occurring. However, the factor loading for Cd in the
second principal component is 0. This indicates that the source
of Cd is different from the other analyzed toxic metals and re-
quires further study.

The six analyzed heavy metals in Zhanjiang City comprise
77.72% of the information according to one principal component
eigenvalue response. All six elements have high positive loadings
and good correlations, indicating that these elements are closely
symbiotic and of the same origin.

3.3  Preliminary identification of heavy metal sources in mudflat
sediments
According to the EF formula, the EF values of heavy metals in

the surface sediments of coastal mudflats in each city and county

Table 2.   Characteristics of heavy metal element concentrations of surface sediments in the coastal mudflat area of Leizhou Peninsula
Area Parameter As/(μg·g−1) Cd/(μg·g−1) Cr/(μg·g−1) Cu/(μg·g−1) Hg/(ng·g−1) Pb/(μg·g−1)

All region mean value 5.34 0.055 57.40 14.39 0.021 14.92

range 0.48−21.90 0.004−1.22 0.76−309.00 0.13−102.00 0.002−0.130 2.80−69.50
Suixi County mean value 3.72 0.06 17.07 5.45 0.020 14.71

range 0.78−6.05 0.02−0.30 0.85−62.70 0.83−26.00 0.002−0.029 2.80−69.50
Leizhou City mean value 4.93 0.04 65.56 15.52 0.020 12.01

range 0.67−14.00 0.004−0.16 0.88−309.00 0.13−85.20 0.003−0.099 2.80−42.50
Xuwen County mean value 5.25 0.05 77.09 19.53 0.020 13.13

range 0.48−18.90 0.02−0.09 4.70−298.00 1.15−102.00 0.002−0.110 4.50−30.10
Zhanjiang City mean value 5.92 0.04 35.36 8.82 0.020 18.07

range 0.71−21.90 0.02−0.15 0.76−170.00 0.78−52.20 0.002−0.130 4.40−56.90
Lianjiang City mean value 8.33 0.29 37.14 11.40 0.040 31.01

range 1.52−19.10 0.04−1.22 4.18−76.30 3.55−19.80 0.010−0.076 8.60−61.30
Wuchuan City mean value 2.96 0.03 9.30 2.95 0.004 13.98

range 0.81−4.94 0.02−0.04 5.06−14.70 1.87−4.30 0.003−0.006 7.20−20.10
East China coastal mudflats (Zhang et al., 2017) mean value 8.11 0.09 70.03 18.90 0.030 23.05

range 1.10−27.20 0.02−1.43 4.20−230.00 2.90−370.00 0.010−0.580 0.50−85.80
Marine sediment standards I-II-III (General

Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of

China, 2004)

limited value 20−65−93 0.5−1.5−5.0 80−150−270 35−100−200 0.2−0.5−1.0 60−130−250

Table 3.   Loadings of heavy metal factors in Leizhou Peninsula coastal mudflat surface sediments
Leizhou City Lianjiang City Suixi County Wuchuan City Xuwen County Zhanjiang City
F1 F2 F1 F1 F1 F2 F1 F2 F1

As 0.680 0.612 0.938 0.987 0.935 0.071 0.571 0.708 0.861

Cd 0.870 −0.026 0.815 0.969 0.686 0.633 0.859 0 0.805

Cr 0.899 −0.279 0.952 0.994 0.954 0.183 0.909 −0.159 0.923

Cu 0.888 −0.348 0.977 0.992 0.910 0.033 0.858 −0.405 0.922

Hg 0.847 −0.265 0.983 0.997 −0.083 0.900 0.822 −0.297 0.857

Pb 0.728 0.538 0.980 0.993 0.657 0.677 0.627 0.529 0.915

Eigenvalue 4.046 0.934 5.331 5.865 4.022 1.209 3.679 1.059 4.663

Eigenvalue percentage/% 67.729 15.566 88.849 97.745 67.039 20.154 61.617 17.650 77.720
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of Leizhou Peninsula are calculated. The anthropogenic influ-
ence on heavy metals in Leizhou Peninsula coastal mudflat sur-
face sediments may be arranged in increasing order as: Hg, Cu,
Cr, Pb, Cd, and As (Table 5).

The EF values for Hg range from 0.5 to 1.5, indicating that Hg
in the surface sediments mainly comes from crustal contribu-
tions rather than pollution sources. The Cr and Cu EF values in
Lianjiang City also range from 0.5 to 1.5, indicating that the

coastal mudflats of Lianjiang City are not contaminated by Cr
and Cu. The As, Cd, Cr, Cu, and Pb EF values in the remaining
cities and counties are between 1.5 and 5. These values represent
moderate levels of pollution, indicating that the presence of these
five heavy metals is affected to some extent by human activities.
Among them, the As EF values in Zhanjiang City are the greatest,
approaching the lower limits of significant pollution, followed by
those in Xuwen County, Leizhou City, Suixi County, and Wuchuan
City. The EF values for Cd in the Suixi County are elevated and
near the lower limit value for significant pollution. This means
that As pollution in coastal mudflat surface sediments of Xuwen
County, Leizhou City, Suixi County, and Wuchuan City is more
serious than that of other heavy metal elements, and Cd pollu-
tion is more serious in coastal mudflat surface sediments of Suixi
County. This may be related to the rapid development of the in-
troduction of industrial projects (Vane et al., 2009).

3.4  Evaluation of heavy metal pollution in beach sediments
Based on the results of the combined-factor potential ecolo-

gical risk parameter RI, the ecological risk posed by the six ana-
lyzed heavy metals to the mudflat of Leizhou Peninsula de-
creases according to the following order: Cd, As, Hg, Pb, Cu, and
Cr. The Eri values of As, Cu, Pb, Cr, and Hg range from 0.46 to
24.64 (all less than 40), indicating that all five heavy metals are of
low ecological risk. The Eri of Cd is 43.09 (between 40 and 80), in-
dicating that it is of moderate ecological risk. The Eri values of Cd
in Lianjiang City are between 80 and 160, which represents a high
ecological risk requiring further attention. In terms of the overall
potential ecological risk index RI, the RI value in Lianjiang City is
greater than 150 owing to the high contribution of Cd, showing a
moderate ecological risk. The RI values in the rest of the cities
and counties in the study area are less than 150, indicating low
ecological risk. The evaluation of potential ecological risk indic-
ates that the surface sediments of coastal mudflats in Lianjiang
City are of moderate ecological risk, while the surface sediments
of coastal mudflats in other cities and counties within the study
area remain at levels of low ecological risk (Fig. 4, Table 6).

4  Conclusions
The overall concentrations of the six analyzed heavy metals

(As, Cd, Cr, Cu, Hg, and Pb) in Leizhou Peninsula coastal mud-
flat surface sediments remain within acceptable regulatory limits.
However, there are local points of elevated concentrations, indic-
ating anthropogenic pollution.

Based on the concentrations of the six analyzed heavy metals,
surface sediments of coastal mudflats on Leizhou Peninsula have
some similar sources. However, the combinations of these heavy
metal concentrations vary. The decreasing order of anthropogen-
ic influence is determined to be As, Cd, Pb, Cr, Cu, and Hg. The
presence of Hg is attributed primarily to crustal contributions
rather than pollution sources. Similarly, the presence of Cr and
Cu in Lianjiang City coastal mudflat surface sediments is also
mainly from natural rather than pollution sources. The EF values
for As, Cd, Cr, Cu, and Pb in the surface sediments of coastal
mudflats from the remaining cities (counties) in the study area
are between 1.5 and 5 (moderate pollution), indicating that the
occurrence of these heavy metals is influenced by human activit-
ies.

According to the potential ecological risk index method, the
ecological risk of the six analyzed heavy metals to the beaches of
Leizhou Peninsula may be arranged in decreasing order as: Cd,
As, Hg, Pb, Cu, and Cr. Concentrations of Cd in the surface sedi-
ments of coastal beaches of Lianjiang City indicate a high ecolo-

Table 4.   Correlation coefficients of heavy metals in surface sedi-
ments in Leizhou Peninsula coastal mudflats

As Cd Cr Cu Hg Pb
Leizhou City As 1 −0.136 0.492** 0.427** 0.383** −0.010

Cd 1 −0.245* −0.152 0.700** 0.014

Cr 1 0.905** 0.762** −0.078

Cu 1 0.752** −0.156

Hg 1 −0.167

Pb 1
Lianjiang City As 1 −0.310 0.946** 0.902** 0.896** 0.454*

Cd 1 −0.366 −0.386 0.818** −0.003

Cr 1 0.962** 0.910** 0.441*

Cu 1 0.944** 0.425

Hg 1 0.984**

Pb 1
Suixi County As 1 −0.146 0.958** 0.906** 0.980** 0.551**

Cd 1 −0.224 −0.147 0.950** 0.186

Cr 1 0.946** 0.996** 0.579**

Cu 1 0.995** 0.525**

Hg 1 0.991**

Pb 1
Wuchuan City As 1 −0.440 0.856** 0.846** 0.066 0.552*

Cd 1 −0.704** −0.483 0.369 −0.651**

Cr 1 0.869** 0.110 0.748**

Cu 1 0.064 0.575*

Hg 1 0.427

Pb 1
Xuwen County As 1 0.523** 0.433** 0.234* 0.217* 0.510**

Cd 1 −0.052 −0.044 0.221* 0.409**

Cr 1 0.890** −0.114 0.466**

Cu 1 −0.101 0.312**

Hg 1 0.435**

Pb 1
Zhanjiang City As 1 0.584** 0.709** 0.729** 0.638** 0.886**

Cd 1 −0.075 −0.082 0.593** 0.667**

Cr 1 0.918** −0.172 0.819**

Cu 1 −0.183 0.748**

Hg 1 0.706**

Pb 1
      Note: ** indicates a significant correlation at the 0.01 level; * indic-
ates a significant correlation at the 0.05 level.

Table 5.   Enrichment factor in surface sediments in Leizhou Pen-
insula coastal mudflats

As Cd Cr Cu Hg Pb

Leizhou City 4.53 2.52 2.65 2.06 0.70 2.34

Lianjiang City 1.90 3.44 0.66 0.78 0.51 1.59

Suixi County 4.43 4.11 1.38 1.49 0.75 3.30

Wuchuan City 4.25 2.00 1.03 1.19 0.25 3.52

Xuwen County 4.83 1.95 2.96 2.27 0.65 2.30

Zhanjiang City 4.95 2.78 1.59 1.53 0.64 3.17
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gical risk and warrant further attention. However, the concentra-
tions of the other analyzed metals in surface sediments of coastal

beaches from other cities and counties in the study area pose
only a low ecological risk.
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Fig. 4.   Spatial distributions of potential ecological risk of heavy metal in the coastal mudflat sediment on Leizhou Peninsula, As (a),
Cd (b), Cr (c), Cu (d), Hg (e), and Pb (f). RI: the combined potential ecological pollution index of multiple pollutants.
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Next, we will carry out eco-geochemical research in areas
with high ecological risk. The purpose of the further work is to
identify the migration and transformation pathways of heavy
metal elements between water, sediment and organisms. We will
also use isotopic dating and mineralogy to study the source and
adsorption mechanism of heavy metals. We will also propose
ecological effect evaluation, development trend prediction, and
ecological hazard warning for the sustainable economic and so-
cial development of the study area.
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