Marine Pollution Bulletin 151 (2020) 110864

Contents lists available at ScienceDirect

Marine Pollution Bulletin

journal homepage: www.elsevier.com/locate/marpolbul

Check for
updates

Assessment of heavy metals in water, sediment and shellfish organisms in
typical areas of the Yangtze River Estuary, China

Haimei Fan, Sisi Chen", Zhien Li, Pengxia Liu, Caiyan Xu, Xingxing Yang

East China Sea Environmental Monitoring Center, State Oceanic Administration, Shanghai 201206, China

ARTICLE INFO ABSTRACT

Keywords:

Yangtze River Estuary (YRE)
Frequency analysis method
Geographical detector

Heavy metals

Spatiotemporal stratified heterogeneity

Identifying the transformations of heavy metal in different media is a scientific issue, and geographical detector
is applied to evaluate the spatiotemporal stratified heterogeneity mechanisms for heavy metals in the Yangtze
River Estuary. Heavy metal concentrations in water and sediment were consistent with lognormal distributions.
Their concentrations were organized into four classes. Class 1 included concentrations that were less than or
equal to 25%, Class 2 included those between 25%-50%, Class 3 concentrations were between 50%-75% and
Class 4 were > 75%, which were based on their lognormal distributions. In water and sediment, the mean heavy
metal concentrations yearly decreased from 2012 to 2016. The Chongming area was significantly lower than
those found in the other areas, which is the least affected area by anthropogenic activities. The explanatory
power of sediment to spatiotemporal stratified heterogeneity of heavy metals in shellfish organisms was much

greater than that of water.

1. Introduction

Heavy metal pollution has been an important focus in the ecological
environments of estuaries (Dong et al., 2009; Buruaem et al., 2013; Bi
et al., 2017; Barletta et al., 2019), bays (Gomes et al., 2009; Ahumada
et al., 2011; Yu et al., 2017) and coastal waters (Vallius, 2015) around
the world because of its numerous sources, non-degradability, easy
accumulation and biological toxicity. The heavy metals commonly in-
clude mercury (Hg), copper (Cu), lead (Pb), cadmium (Cd), chromium
(Cr), zinc (Zn) and arsenic (As). Estuaries are located at the junction of
land and sea, and they are affected by both, which often makes their
environmental conditions complex and highly variable. The Yangtze
River Estuary (YRE) is the largest estuary in China and has been sub-
jected to decades of rapid increases in human activities and fast so-
cioeconomic development in the Yangtze River delta, which largely
accounts for the elevated levels of heavy metals in its water and sedi-
ment (Guo and Yang, 2016). The hydrodynamic conditions are com-
plex, and thus, heavy metal pollutants can originate from a wide range
of sources. Moreover, the sources include natural weather erosion of
rock soil in coastal basins, atmospheric particulate sedimentation and
precipitation (Wang et al., 2014; Han et al., 2017; Du, 2018), discharge
of industrial and agricultural wastewater and domestic sewage that
enters the estuary (Wang, 2017; Zhang, 2013), with a significant por-
tion being derived from runoff inputs in the upper and middle reaches
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of the Yangtze River. According to reported statistics, from 2013 to
2017, the heavy metals, including Cu, Pb, Zn, Cd and Hg, were trans-
ported into the East China Sea by the Yangtze River at a staggering rate
of about 10,000 tons per year (State Oceanic Administration, China,
2013-2017), which undoubtedly poses a multitude of threats to the
water environment in the YRE and the nearshore waters.

Heavy metals not only affect the water environment. Due to the
interactions between runoff and seawater, a large number of pollutants
become bound to the sediment through certain processes, such as ad-
sorption and flocculation (Fang et al., 2013; Zhang et al., 2007), which
can ultimately affect the highly nutritious aquatic life and human
health through bioaccumulation and amplification in the food chain
(Cui et al., 2000; Qiu et al., 2005). The level of heavy metals in the
living environment of aquatic organisms is the primary factor affecting
the accumulation of heavy metals in organisms and biomass (Huang
et al.,, 2011; Jahan and Strezov, 2018). Therefore, the study of heavy
metal pollution in the YRE should not be limited to one medium. In-
stead, it should also focus on their spatial and temporal distribution and
interconnection in different media. Previous research has been con-
ducted on the content, morphology and distribution characteristics of
heavy metals in the water and sediments of the YRE (Sun et al., 2011;
Teng et al., 2012; Wang et al., 2015). Most such studies have focused on
a single medium and reported that heavy metals in the YRE primarily
come from land-based sources (Guo and Yang, 2016; Guo et al., 2019).
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However, there are only a few studies dedicated to the spatial and
temporal distribution and interconnection of heavy metals in water
bodies, sediments and organisms in the same area. Therefore, based on
YRE survey data from 2012 to 2016, this paper explored and discussed
the spatial and temporal distribution characteristics and correlations of
heavy metals in the estuary's water, sediments and organisms.

The geographical detector method was used to explore the statistical
correlation and spatial distribution of heavy metals in different media
(i.e., water, sediments and organisms) in the YRE and its adjacent seas.
Geodetector is a new statistical method used to detect spatial differ-
entiation and reveal the driving factors behind observed patterns (Wang
and Xu, 2017). Its greatest advantages include the fact that the hy-
potheses are not linear, and the results have clear physical meaning,
which can effectively overcome the limitations of the traditional sta-
tistical analysis methods that require hypotheses and data limits (Li
et al., 2017). The scales of the research areas are effectively unlimited,
and the possible causal relationship between the two variables can also
be ascertained by examining the consistency of the spatial distribution
of any two variables (Han, 2019). Due to these advantages, the method
has been used in a wide range of areas, including natural and urban
landscapes, such as public health, regional economy, meteorology and
environmental pollution (Wang et al., 2010; Wang et al., 2016; Wang
and Xu, 2017). The relationship between variables established by the
geographical detector is generally more reliable than classic regression.
It is necessary to discretize independent numerical variables. The
variable strata could include areas, years, and concentrations, among
others. Frequency analysis is often used to determine the reference state
of observation elements, and it is widely used (Hu et al., 2011; Kang,
2012; Zheng et al., 2013). The frequency analysis is used to discretize
the heavy metal data and determine their classes, which makes it
possible to intuitively show the most natural heavy metal distribution
in the study area.

In this paper, the frequency analysis method was used to determine
the concentration classes of heavy metals in water and sediment. Based
on geographical detectors, the spatiotemporal stratified heterogeneity
and driving factors of heavy metals in water, sediment and organisms in
the YRE were investigated. The results of this study may provide va-
luable guidance regarding the transformation mechanisms of heavy
metals in different media of the YRE.

2. Materials and methods
2.1. Study region and data

The study region extended from 30°30'N to 32°00’N latitude and
from 121°00’E to 122°20’E longitude. The data were collected from 67
water quality monitoring stations and 30 sediment monitoring stations,
which were located in the typical areas, including the Jinshan area,
Baoshan area, Fengxian area, Pudong area, Chongming area and
Nanhui area. There were three areas where shellfish organism samples
were collected, including Jinshan area, Chongming area and Nanhui
area (Fig. 1).

From 2012 to 2016, heavy metal (Hg, Cu, Pb, Cd, Cr, Zn and As)
concentration data in water and sediment were collected in the six ty-
pical areas, while organism sampling were only obtained from the three
areas mentioned above. All of the data were collected from the August
monitoring events over the 5-year period, and the data were provided
by the East China Sea Marine Environmental Monitoring Center.

Both surface water (approximately 0.5 m deep) and the bottom
water (depth = 10 m) samples were collected and kept in well-sealed
sampling bottles for cryopreservation. Surface sediment samples were
collected using a grab sampler. The macrobenthos samples were col-
lected using an intertidal sampling device. Water quality, sediment and
shellfish sample pre-processing and analysis were conducted according
to the specifications described in the National Standard of the People's
Republic of China for Marine Monitoring (State Technical Supervise
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Bureau, 2008). Quality control was based on the specification of the
National Environmental Protection Standard of the People's Republic of
China for offshore environmental monitoring (Ministry of
Environmental Protection, 2009).

2.2. Frequency analysis method

In our study, the data were grouped into equal segments for the
logarithmic transformation of the original data, the number of in-
dividuals in each group was counted, and all categories and their cor-
responding frequencies were employed to obtain the frequency dis-
tribution. Frequency distributions have both centralized trends and
discrete trends. Most observations were clustered near the average
value, which represented the centralized trend. The frequency gradu-
ally decreased from the central position on both sides, which depicted
the discrete trend (Duan, 2012). The frequency distribution method was
used to determine marine nutrient benchmarks and the reference
threshold value of ecological zones. After selecting the reference point
(i.e., the water body with the least impact from human activities) and
the pollutant data of the target area, the upper 25% of the frequency
distribution of the reference point were compared to the lower 25% of
all the data, and the best ecological baseline value was selected (Office
of Water, Office of Science and Technology, 2011; Hu et al., 2011;
Kang, 2012; Yang, 2015; Zheng et al., 2013).

The frequency distribution method was employed to analyse the
heavy metal concentrations in water and sediment. First, a small
amount of non-detected data was eliminated (Zhang et al., 2017). The
normal distribution test was applied to the original data and failed.
Thus, the logarithmic transformation of the original data was conducted
with 10 as the base, and the lognormal distribution curve was fitted
with the frequency distribution, which included mean values and
standard deviations. The concentration data corresponding to 25%,
50% and 75% probability intervals of the lognormal distribution were
selected as the thresholds for the classes of each element. As a result,
the original concentration data in water and sediment were organized
into four classes. Hence, independent variables (i.e., concentrations) in
geographical detectors became attribute data sets bases on their classes,
which is presented in greater detail in Section 3.1.

2.3. Geographical detectors

Geographical detectors are based on spatial variation analysis of the
strata of variables to assess the environmental features and develop-
ment mechanisms. The factor detector identifies which factors are re-
sponsible for the environmental development and the relative im-
portance of the factors; the interaction detector reveals whether the
factors interact or lead independently to the environment development;
and the risk detectors indicates where the transformation areas are.

Geographical detectors are a set of statistical methods used to detect
spatiotemporal stratified heterogeneity and reveal the driving factors
(Wang and Xu, 2017). If an independent variable X has an important
influence on the dependent variable Y, their spatiotemporal feature
should be similar. Geographical detectors are not only used to detect
numerical data, but also qualitative data of feature attributes, which
can be used to detect multi-factor interactions of independent variables.
In this study, the strata were defined by attribute data of the in-
dependent variable X, including the medium attribute, element attri-
bute, area attribute, year attribute, water attribute and sediment attri-
bute. The details are provided in Section 3.2. The dependent variable Y
was the heavy metal concentration data in YRE water, sediment or
organisms.

(1) Factor detector and interaction detector

To detect spatiotemporal stratified heterogeneity for the dependent
variable Y, and to what extent values of X explain Y, the following
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Fig. 1. Study region and location of primary sampling sites.
Table 1

Interaction relationships between two factors X; and X, on variable Y.

Criteria

Interaction

Remarks

qX; N X)) < Min (q(X1),q(X2))

Min(q(X1),q(X2)) < q(X1 N Xz) < Max (9(X1),9(X2))
q(X1 NXp) > Max (q(X1),q(X2))

q(X1 NXo) = qX1) + q(X2)

qX1 N X2) > qX1) + q(X2)

Nonlinearity weakens

Nonlinearity weakens for single factor
Enhancement of two factors
Independence

Enhancement of nonlinearity

Min and Max mean Minimum and maximum, respectively

equation was as follows.

q=1- SSW/SST
L

SSW = > Njo7, SST = No?
h=1

(€Y

whereh = 1, ..., L, which is the strata of Y or X. N, and N are separately
the units of stratum h and the whole region, respectively; 0,2 and o® are
separately the variances of Y value in the stratum h and the whole re-
gion, respectively; and SSW and SST are the sum of variances in the
stratum and the whole region, respectively. The value of q represents
that X can explain 100 % q% of Y. The range of q is [0, 1], and the larger
the q value, the more significant the spatiotemporal stratified hetero-
geneity of Y is. If the stratum is generated by independent variable X,
the larger the q value is, the stronger the explanatory power of X to Y is.

A q value of 1 indicates that factor X completely controls Y, and a q
value of 0 indicates that factor X has nothing to do with Y.

The interaction between different factors X, is to ascertain whether
the explanatory power to Y increases or decreases when the factors X;
and X, work together, or whether the effects of these factors on Y are
independent of each other. Overlaying stratum X; and X, obtains a new
stratum X; N X, and its interaction q(X; N X»). Interaction type is de-
termined by comparing q(X;), q(X2) and q(X; n X5). Interaction re-
lationships between two factors X; and X, on variable Y are presented
in Table 1.

(2) Risk detector

T-statistics were used to test whether the mean values of Y between
two strata were significantly different, and can be expressed as Eq. (2).
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_ V=1 — Yo sample size and variance, respectively, with the null hypothesis
[Var(7h=1) _ Var(Yhza) ]1/ 2 Hy: V=1 = Y,=,. There is a significant difference between the mean
Mh=1 "h=2 2 values of the two strata if Hy is rejected at a confidence level a.

where Y, is the mean values of the stratum h, while n, and Var are the



H. Fan, et al.

Marine Pollution Bulletin 151 (2020) 110864

Table 2
Classes and mean values of heavy metal concentrations in water.
Water Class 1(=25%) Class 2(25%-50%) Class 3(50%-75%) Class 4(> 75%) Mean value
Hg(ng/L) <139 139 <x = 30.8 30.8 <x = 50.0 > 50.0 36.3
Cu(ug/L) =0.860 0.860 <x =< 1.40 1.40 <x < 1.94 > 1.94 1.47
Pb(ug/L) =<0.256 0.256 < x < 0.591 0.591 <x =< 1.16 >1.16 0.829
Cd(ug/L) =<0.0185 0.0185 < x = 0.0329 0.0329 < x = 0.0574 > 0.0574 0.0413
Cr(pg/L) =0.0844 0.0844 < x =< 0.223 0.223 <x = 0.352 > 0.352 0.279
Zn(ug/L) <2.92 292 <x =< 4.69 4.69 <x < 8.96 > 8.96 8.91
As(ug/L) <1.57 1.57 <x = 1.92 1.92 <x = 2.32 > 2.32 1.94
Table 3
Classes and mean values of heavy metal concentrations in sediment dry weight.
Sediment Class 1(=25%) Class 2(25%-50%) Class 3(50%-75%) Class 4(> 75%) Mean value
Hg(mg/kg) =0.0279 0.0279 < x < 0.0547 0.0547 < x < 0.0792 > 0.0792 0.0649
Cu(mg/kg) <118 11.8 <x = 19.2 19.2 <x < 26.3 > 26.3 19.7
Pb(mg/kg) <179 17.9 <x =< 23.7 23.7 <x = 30.3 > 30.3 25.8
Cd(mg/kg) =0.0853 0.0853 <x =< 0.120 0.120 <x =< 0.161 > 0.161 0.130
Cr(mg/kg) <219 219 <x = 30.7 30.7 <x < 455 > 45.5 34.4
Zn(mg/kg) <55.5 55.5<x = 68.1 68.1 <x =< 86.9 > 86.9 715
As(mg/kg) <7.05 7.05 <x =< 821 8.21 <x =< 9.69 > 9.69 8.80
Table 4
Attribute data of independent variable X.
Medium attribute Element attribute Area attribute Year attribute Water attribute Sediment attribute
Water Al Hg M1 Jinshan sl 2012 Y2 w111 S211
Sediment A2 Cu M2 Baoshan s2 2013 Y3 W112 S$212
Shellfish organism A3 Pb M3 Fengxian s3 2014 Y4 W113 S213
Cd M4 Pudong s4 2015 Y5 w114 S214
Cr M5 Chongming s5 2016 Y6 Wwi21 S221
Zn M6 Nanhui s6 w121 $222
As M7 w123 S$223
Table 5 Table 7
Driving factors and interaction relationship for heavy metals in water. Driving factors and their interaction relationship for heavy metal in sediment.
q Year Area Water Element q Year Area Water Element Sediment
attribute attribute attribute attribute attribute attribute attribute attribute attribute
Year attribute 0.11 Year attribute 0.01
Area attribute 0.11 0.00 Area attribute 0.03 0.01
Water attribute 0.97 0.89 0.88 Water attribute  0.82 0.83 0.80
Element attribute  0.92 0.40 0.88 0.40 Element 0.81 0.79 0.80 0.78
attribute
Sediment 0.97 0.96 0.96 0.96 0.96
Table 6 attribute
Results of risk detector about year attribute in water.
Significant level a = 0.05 2012 2013 2014 2015 2016 Table 8
Results of risk detector about year attribute in sediment.
Mean values (ug/L)/year 5.49 1.59 1.41 1.34 1.01
2013 Yes Significant level a = 0.05 2012 2013 2014 2015 2016
2014 Yes No
2015 Yes No No Mean values (mg/kg)/Year 29.8 21.7 21.1 20.3 21.3
2016 Yes Yes Yes Yes 2013 Yes
2014 Yes No
“Yes” means that there is significant difference between the row year and the 2015 Yes No No
2016 Yes No No No

column year; “No” means contrarily.
3. Results
3.1. Classification of heavy metals

Based on the Hg, Cu, Pb, Cd, Cr, Zn, As concentrations in water and
sediments of the study areas from 2012 to 2016, the logarithmic fre-
quency distributions and corresponding lognormal distributions were
calculated using the frequency analysis method (Figs. 2 and 3). In each
figure, the histogram shows logarithmic frequency distribution, and the

“Yes” means that there is significant difference between the row year and the
column year; “No” means contrarily.

curve shows corresponding lognormal distribution. The X-axis is the
concentrations corresponding to the logarithmic scale, and the Y-axis is
the frequency. The normal curves with single peaks had relatively small
standard deviations, which indicated that the distribution curve of
heavy metals in water and sediment was relatively steep, and con-
centrations were centrally distributed on both sides of the mean value.

Referring to the principle of quartile in statistics, the concentrations
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Table 9
Risk detector in sediment.

Significant level Jinshan Baoshan Fengxian Pudong Chongming Nanhui

a = 0.05

Mean values 27.4 21.1 25.7 24.4 20.7 20.7
(mg/kg)/
Area

Baoshan No

Fengxian No No

Pudong No No No

Chongming Yes No Yes Yes

Nanhui No No No No No

“Yes” means that there is significant difference between the row area and the
column area; “No” means contrarily.

corresponding to the 25%, 50% and 75% frequency distribution were
considered as the reference states (class thresholds) separating the four
classes of heavy metals in water and sediment (Tables 2 and 3). The
mean values of the seven heavy metals were slightly larger than the
median values, indicating that their concentration distributions in
water and sediments were slightly right-biased, or there was a max-
imum in the original data, which inevitably pulled the mean value
closer to the maximum. The concentration data for organisms were only
used as the dependent variable Y when driving factors of biological
quality were detected. Thus, the classes for heavy metal concentrations
in organisms were not needed.

3.2. Spatiotemporal stratified heterogeneity of heavy metals

Based on the principle of geographical detectors, the statistical
correlation and spatiotemporal stratified heterogeneity of heavy metals
in different areas, years and type of media were examined. The ex-
planatory powers of heavy metals in water and sediment were detected
to those in organisms. Because heavy metal concentrations in organisms
could only be collected from the Jinshan area, Chongming area and
Nanhui area, driving factors of biological quality could only be ob-
tained for these three areas.

Dependent variable Y was the concentration data of heavy metal in
water, sediment and organisms. Attribute data of independent variable
X included element attribute, area attribute, year attribute, water at-
tribute, and sediment attribute (Table 4). Based on classes for heavy
metal data in water or sediment (Tables 2 and 3), water or sediment
attributes included three numbers, where the first number was the last
number of the corresponding medium attribute, and the second number
was the last number of the corresponding element attribute, and the
third number was the corresponding class number of the concentrations
(Table 4).

3.2.1. Spatiotemporal features of heavy metal in water

Dependent variable Y was the heavy metal concentrations in water.
Attribute data of independent variable X included the year attribute,
area attribute, water attribute and element attribute.

The water attribute (qQ = 88%), element attribute (q = 40%) and
year attribute (@ = 11%) were three main driving factors for the spa-
tiotemporal features of heavy metal elements in water (Table 5). The
enhancement of two factors included the interaction of the element

Table 10
Driving factors and their interaction relationship for heavy metals in organisms.

Marine Pollution Bulletin 151 (2020) 110864

attribute and water attribute, and the interaction of the year attribute
and water attribute. The enhancement of nonlinearity included the
interaction of the element attribute and year attribute, and the inter-
action of the area attribute and water attribute. Independence included
the interaction of the element attribute and area attribute, and the in-
teraction of the year attribute and area attribute (Table 5).

The mean values of 2012 and 2016 showed significant differences
with those of the other years, and the differences between any two
years from 2013 to 2015 were not significant. The yearly decreasing
trend was obvious from 2012 to 2016 (Table 6), and the element dif-
ferences of heavy metals in water were significant, though the spatial
differences were not significant.

3.2.2. Spatiotemporal features of heavy metal in sediment

The dependent variable Y was the heavy metal concentrations in
sediment. The attribute data of independent variable X included the
year attribute, area attribute, water attribute, element attribute and
sediment attribute.

The explanatory power of the sediment attribute (q = 96%), water
attribute (@ = 80%) and element attribute (q = 78%) gradually de-
creased with respect to the spatiotemporal features of heavy metal
concentrations in sediment. The spatiotemporal features of heavy metal
concentrations in water and sediment were quite similar. Except for the
interactions of the sediment attribute with the others, the other inter-
actions were almost the enhancement of nonlinearity of two factors due
to fitting of the q(X; N X5) > q(X;) + q(X») relationship (Table 7).

The mean value of 2012 was significantly higher than that of the
other years. Except for 2012, the difference between the other years
was not significant. The yearly trend was not obvious (Table 8).

The differences between Chongming and Jinshan, Fengxian, Pudong
were all significant. The risk detector showed that the concentrations
in sediments of Chongming and Nanhui were much lower than those
of other areas, and those of Jinshan, Fengxian and Pudong were much
higher. The increasing order of heavy metal concentrations by area
was Chongming < Nanhui < Baoshan < Pudong < Fengxian <
Jinshan, and there were significant differences among the seven heavy
metals (Table 9).

3.2.3. Driving factors of biological quality

The dependent variable Y was the heavy metal concentrations in
organisms. Attribute data of independent variable X included the water
attribute, sediment attribute, element attribute, year attribute and area
attribute.

The sediment attribute (q = 59%), water attribute (@ = 27%) and
element attribute (@ = 21%) were the three main driving factors to
control the spatiotemporal features of heavy metals in organisms. The
effect of sediment was evidently more significant than that of water on
the level of heavy metals in the organisms (Table 10).

The enhancement of two factors included the interaction of the
sediment attribute and water attribute, and the interaction of the ele-
ment attribute and water attribute and the interaction of the element
attribute and sediment attribute. The other interactions were all the
enhancement of nonlinearity of two factors due to fitting of the q
(X1 nX3) > q(X;1) + q(Xy) relationship (Table 10). In the case of small
amounts of biological quality data, the spatiotemporal variation should
be further detected.

q Water attribute Sediment attribute Element attribute Year attribute Area attribute
Water attribute 0.27

Sediment attribute 0.74 0.59

Element attribute 0.28 0.60 0.21

Year attribute 0.62 0.70 0.35 0.04

Area attribute 0.63 0.86 0.40 0.21 0.05
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4. Discussion

The marine environment needs adequate protection, and heavy
metals are among the most serious pollutants in the YRE. Identifying
and tracking the transformations and changes of heavy metal in dif-
ferent media is a scientific issue, which requires constant monitoring
programmes and new assessment methods. In this paper, the geo-
graphical detector was first introduced to research spatiotemporal
characteristics and interactions of heavy metals in different media.
Using the frequency analysis method and the geographical detector, the
raw observations of heavy metal concentrations in water, sediment and
organisms showed their patterns, trends and relevance in different
media. Heavy metal concentrations in water and sediment exhibited
lognormal distribution. The means of heavy metal concentrations de-
creased yearly in water and sediment. The effect of sediment on bio-
logical quality was much greater than that of water. The spatiotemporal
stratified heterogeneity and relevance of heavy metals in different en-
vironmental media are expected to accurately guide environmental
management. Our study offers guidance for interdisciplinary methods
to explore mechanisms of the heavy metal transformation from one
media to another in the YRE.

From 1984 to 2000, the median concentrations of Hg, Cu, Pb and Cd
in water were 35.0 ng/L, 2.75 pg/L, 2.22 pg/L and 0.078 pg/L in the
YRE and its adjacent sea, respectively (Wang et al., 2003). The median
values of Hg, Cu, Pb and Cd in water were 30.8 ng/L, 1.40 pg/L,
0.591 pg/L and 0.0329 pg/L in this study. The concentration of Hg only
slightly changed, while those of Cu, Pb, and Cd obviously decreased.
The spatiotemporal feature of heavy metal concentration in water
showed that the spatial variation was not significant, though it de-
creased with time (Yang and Xu, 2015). The mean concentrations of Hg,
Cu, Pb, Cd, Cr, Zn and As in sediments from 2012 to 2016 were
0.0649 mg/kg, 19.7 mg/kg, 25.8 mg/kg, 0.130 mg/kg, 34.4 mg/kg,
71.5 mg/kg and 8.80 mg/kg, respectively. Under the guidance of the
national action plan for pollution control, it is inevitable that pollutants
will fluctuate and decline in the YRE (Fan et al., 2019).

The spatiotemporal feature of heavy metal concentration in sedi-
ment showed that Chongming was significantly lower than the other
areas and decreased with time. This should benefit from Chongming
Island's adherence to the path of ecological priority and green devel-
opment, and vigorously building a world-class ecological island (Fan
et al.,, 2019). The spatiotemporal stratified heterogeneity of heavy
metals in sediments could be explained about 80% by that of water,
while driving factors of heavy metals in shellfish organisms were
mainly associated with concentrations in sediment and water, and q
was 59% and 27%, respectively. The effect of sediment on biological
quality was much greater than that of water.

The classes of heavy metal concentrations were based on equal
probability intervals of 25%, 50% and 75% for the lognormal dis-
tribution. The water attribute had a high explanatory power of 88% for
the spatiotemporal characteristics of water quality elements, and the
sediment attribute had much higher explanatory power of 96% for the
spatiotemporal characteristics of sediments. It showed that the classes
of heavy metal elements in water and sediments were reasonable, and
the classes of heavy metal concentrations in sediment were more in
agreement with their variations than those of heavy metal concentra-
tions in water. The classes of heavy metal concentrations in organisms
could not be obtained due to the relatively small amount of biological
data. Thus, the spatiotemporal features of heavy metals in organisms
were not derived by the geographical detector. When enough data of
heavy metals in organisms will be collected, their classifications and the
spatiotemporal stratified heterogeneity mechanisms should be further
researched. In order to obtain reasonable results with the method of
geographical detector, classification is one of the difficulty points, and
the classification complemented the spatiotemporal distribution of
heavy metal elements (Wang et al., 2010).

The previous study revealed that the changes in sediment quality
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were closely related with the anthropogenic activities and economic
development (Guo et al., 2019), and the accumulation of heavy metals
(Cu, Cr, Pb and Zn) in sediment had increased over the past decades
(Guo and Yang, 2016). Although serious environmental pollution was
not observed in our study area, the strong enrichment and the relative
stability of heavy metals still exhibited slow toxic and side effects on
benthic organisms (Chen et al., 2017), and they affected human health
through the food chain. Incidental pollution could lead to the un-
precedented increase of heavy metal concentrations in marine water or
sediment, resulting in loss of ecological habitat and ecosystem disasters
(Barletta et al., 2019). In our study area, the runoff of the Yangtze River
was a very important source of many pollutants (Chen et al., 2012; Guo
et al., 2019), and the other sources of pollution included the accidents
of hazardous chemical leakage, sewage discharges from agriculture and
aquaculture, drainage from the coastal enterprises and the collision of
maritime shipping vessels (Fan et al., 2019). Further research on pol-
lution sources is needed, and pollutant transformations will be sig-
nificant issues in coastal areas around the world (Barletta et al., 2019).
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