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Influence of biodeposition by suspended cultured oyster on the 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• An obvious seasonal biodeposition by 
suspended farmed oysters was observed. 

• The biodeposition increased metal 
fluxes from overlying water to the 
sediment. 

• The regulation of this flitering- 
biodepostion process varied with metal 
properties. 

• There was no obvious alteration of most 
trace metals in the seawater, except Mn. 

• Oyster assimilation had no clear effect 
on metal distributions in multiple 
media.  
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A B S T R A C T   

It remains unclear how the suspended non-fed bivalve mariculture will alter the coastal transfer and cleaning 
process of trace elements, the non-degradable contaminants, which have been reported to accumulate in sedi-
ment from bivalve mariculture areas. Herein, we set up a field in situ comparative test in the suspended oyster 
(Crassostrea plicatula) farming area (OF) and reference area (RA) of Xiangshan Bay to verify our hypothesis that 
the biodepositon of suspended oysters would consolidate trace elements from the water column and transport 
them to the sediment. Distribution of trace elements in multiple media of biodeposits (BDs), settling particles 
(SPs), sediments (SEs), and seawater demonstrate that the accelerated deposition of BDs which enriched trace 
elements from the water column by oysters filtering suspended particles led to trace elements accumulation in 
SEs from OF. Additionally, As, Cd, Co, Cr, Cu, Ni, V, and Zn were strongly regulated by this process with sig-
nificant (p < 0.05) higher concentrations in SEs from OF (10.96, 0.20, 13.98, 82.40, 38.47, 38.22, 108.57, and 
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111.20 μg/g, repectively) than those from RA (9.43, 0.13, 11.76, 63.30, 30.34, 29.55, 86.59, and 100.24 μg/g, 
repectively), but the extent was different for Mn, Mo, Pb, and W with concentrations in SEs from OF (737.37, 
0.81, 30.98, and 3.96 μg/g, repectively) and RA (765.25, 0.69, 31.27, and 3.34 μg/g, repectively), especially for 
Rb and Sr with concentrations in SEs from OF (131.13 and 96.24 μg/g, repectively) and RA (142.21 and 161.10 
μg/g, repectively), due to their geochemical and geophysical properties. Moreover, the harvest of hyper- 
accumulated oysters as a sink for removing trace elements from water column cannot hide the impact of this 
process.   

1. Introduction 

Global mariculture production increased significantly in the last few 
decades from an average of 6.3 million tons in 1986 to 30.8 million tons 
in 2018, and China remains the largest producer worldwide with the 
dominate production of bivalves (nearly 70%) in 2021 (FAO, 2020; 
MARA, 2022). Mariculture not only produces high-quality food for 
human consumption but also negatively impacts the environment and 
ecosystem (Tovar et al., 2000; Yang et al., 2017). By contrast, non-fed 
aquaculture such as bivalves and seaweeds was evidenced to have 
fewer negative impacts and even potential benefits on the ecosystem 
(Mallet et al., 2006; Filgueira et al., 2016; Jiang et al., 2019; Barrett 
et al., 2022). 

Filter-feeding bivalves that extract large amounts of suspended 
particles from the water column are described as extractive species for 
the natural cleaning process (Zhou et al., 2006; Jiang et al., 2019; FAO, 
2020; Liu et al., 2021). The fine particles filtered by bivalves are voided 
as feces or pseudofeces in large size (Haven and Morales-Alamo, 1966). 
The process of these compacted fecal pellets with a higher sinking rate 
than the natural aggregated particles settling to the bottom is known as 
biodeposition (Giles and Pilditch, 2004; Zhou et al., 2014). Biogeo-
chemical cycling of nutrients such as carbon, nitrogen, phosphorus, and 
silica regulated by bivalve biodeposition is of great interest (Han et al., 
2017; Li et al., 2017; Timmermann et al., 2019; Ray and Fulweiler, 
2021). However, very few studies have focused on the transfer of trace 
elements (Wang et al., 2018; Kuang et al., 2022). 

Trace elements in the marine environments are of great global 
continuous concern due to their wide sources, non-degradability, high 
toxicity, and bioaccumulation, especially their elevated dissolved con-
centrations in seawater as well as accumulation and bioavailable con-
tents in the sediments of the coastal ecosystems (Pan and Wang, 2012; 
Zhang et al., 2020; Liu and Yu, 2022). Notably, concentrations of trace 
elements in the sediments of non-fed bivalve aquaculture areas are 
higher than those in the non-cultured areas (Wang et al., 2016a; Xia 
et al., 2016; Wang et al., 2018; Kuang et al., 2022). Bivalves feed on 
natural seston and do not artificially input nutrients or chemicals into 
the ecosystem. Therefore, the influence of cultured bivalve bio-
deposition on the fate of trace elements should be considered. 

Oysters, the most typical filter-feeding bivalves, play the role as 
‘ecosystem engineers’ in the mariculture ecosystem (Forrest et al., 
2009). Their cultivation is a globally important aquaculture industry 
with continuously increasing production in many countries around the 
world (Forrest et al., 2009; Botta et al., 2020). China accounts for 86% of 
the world’s oyster aquaculture production with 5.8 million tons by 
weight and 2116 km2 by area in 2021, of which suspended aquaculture 
accounted for an overall majority (Wartenberg et al., 2017; Botta et al., 
2020; MARA, 2022). Oysters deposit the filtered particles from the water 
several times faster than that settled by gravity (Haven and 
Morales-Alamo, 1966; Mallet et al., 2006; Xia et al., 2019). Suspended 
particles adsorb and act as carriers of trace elements due to their large 
specific surface area and chemical functional groups, therefore, bio-
deposition is speculated to be responsible for the accumulation of trace 
elements in sediments of culture areas (Wang et al., 2018; Zeng et al., 
2020; Kuang et al., 2022). 

According to above consideration, it was hypothesized that the 
biodepositon of suspended oysters would consolidate more trace 

elements from the water column and transport them to the bottom, 
leading to accumulation of trace elements in the sediment. In order to 
verify our hypothesis, a field in situ comparative study was set up in the 
suspended oyster (Crassostrea plicatula) farming area of Xiangshan Bay 
which located on the coast of the East China Sea (Jiang et al., 2019; Liao 
et al., 2022). Xiangshan Bay is a long and narrow semi-enclosed bay with 
over 80 days of water-residence time in the inner section (Ning & Hu, 
2002), so the field test is relatively less affected by hydrodynamic than 
the open bay. It is also the most important mariculture area with a long 
history of oyster cultivation and suspended mariculture has been used 
since the 1990 s to increase yields (Zhang et al., 2021). 

In this study, the concentrations of 14 trace elements (As, Cd, Co, Cr, 
Cu, Mn, Mo, Ni, Pb, V, W, Zn, Sr and Rb) were determined in multiple 
media including biodeposits (BDs), settling particles (SPs), sediments 
(SEs), seawater, and cultured oysters collected from the oyster farming 
area (OF) and/or reference area (RA) in Xiangshan Bay. The main ob-
jectives were to (i) compare the spatial and temporal distributions of 
trace elements in multiple media in OF and RA; (ii) determine the bio-
deposition rate and seasonal variation of trace elements by cultured 
oysters (Crassostrea plicatula) in Xiangshan Bay; and (iii) reveal the effect 
of biodeposition on the accumulation of trace elements in SEs of the 
oyster farming area. This study explains the transfer and cleaning pro-
cess of trace elements in the coastal ecosystem driven by the bivalves. 

2. Materials and methods 

2.1. Study area and sampling 

The field in situ comparative experiment was carried out at Tie 
Harbor, which located at the top of Xiangshan Bay and is the largest and 
most concentrated OF in Xiangshan Bay (Fig. 1). Three sampling sites 
(O1, O2, and O3) were located in the middle of OF, and three reference 
sites (R1, R2, and R3) were set up around the farming area regarded as 
RA to avoid the interference of tide, channel, and other factors as much 
as possible. 

Four seasonal cruises were conducted in the study area in January 
(winter), April (spring), July (summer), and October (autumn) of 2019 
(Table 1). Seawater samples from the surface (0.5 m depth), middle, and 
bottom (1 m above the sea bottom) layers and surface (0–2 cm) SE 
samples were collected from 6 sites using a Niskin water sampler and 
Van Veen Grab sediment sampler, respectively. A total of 72 seawater 
samples were collected with one sample from three layers collected at 
each of the OF (O1, O2, and O3) and RA (R1, R2, and R3) site of the four 
seasonal cruises. A total of 24 SE samples were collected, consisting of 
one mixed sample from three samples collected at each of the OF (O1, 
O2, and O3) and RA (R1, R2, and R3) site of the four seasonal cruises. 
The temperature and salinity of the seawater were determined in situ by 
a RBRconcerto CTD (RBR Inc., Ontario, Canada). 

The BDs produced by oyster and SPs were collected using PVC 
sediment traps. The cylindrical traps with a diameter of 18 cm and a 
height of 80 cm for collecting biodeposits were made with reference to 
previous literature (Zhou et al., 2006). The top of the trap was covered 
with two layers of 1 cm nylon mesh for attaching the oysters. The 
comparative experiment to determine the biodeposition involved 3 
treatment traps (Oyster1, Oyster2, and Oyster3) with living oysters 
(20–48 ind./trap) and 3 control traps (Control1, Control2, and Control3) 
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with empty oyster shells (Table 1). All the treatment and control traps 
were suspended on the unused raft in the OF, and their tops were about 
0.5 m below the water surface. In addition, the sediment traps with a 
diameter of 10 cm and a height of 60 cm were positioned about 2 m 
from the seabed in OF and RA for collecting SPs. The traps were carefully 
retrieved from the seawater after 3–5 days deployment (Table 1). All the 
traps were stationary for a period of time so that the suspended particles 
in the water column could fully settle down. Then the supernatant 
seawater in the traps was siphoned off. The SDs and SPs left in the traps 
were fully collected and taken to the laboratory for freezing at − 20 ◦C. 
A total of 24 BD samples were collected with one sample from each trap 
of the four seasons. A total of 24 SP samples were collected with one 
sample from each trap from the OF (O1, O2, and O3) and RA (R1, R2, 
and R3) site of the four seasonal cruises. The living oysters in each trap 
were also collected and dissected after taking to the laboratory. In all of 
the treatment traps, a total of 339 living oysters, which were divided 
into 12 groups according to treatment traps of four seasons, were 
collected and the numbers for each trap were showed in Table 1. The 
parameters of shell height for oysters were measured before dissection. 

All of the 24 BD samples, 24 SP samples, and 24 SE samples, and 12 
mixed soft tissue samples of oyster collected from 12 groups were freeze- 
dried with a vacuum freeze dryer (Christ Delta 1–24LS, Germany), and 
then ground into fine powder using an agate mortar. All of the powder 
samples were stored at − 20 ◦C until trace element analysis. 

2.2. Chemical analyses 

Dissolved oxygen (DO) of 72 seawater samples were determined by 
Winkler titration method (Grasshoff et al., 1999), and pH were 
measured using a pH meter (Eutech pH 450, Thermo Scientific) with 
temperature compensation. Trace elements of As, Cd, Co, Cr, Cu, Mn, 
Mo, Ni, Pb, V, and Zn in 36 seawater samples collected from three layers 
at each of the OF (O1, O2, and O3) and RA (R1, R2, and R3) site 
collected in April (spring), and October (autumn) of 2019 were deter-
mined using an inductively coupled plasma mass spectrometer (ICP-MS, 
iCAP RQ, Thermo Scientific) equipped with a on-line sample injection 
technique including on-line dilution and preconcentration/matrix sep-
aration systems of seaFAST SP2 with a chelation column (Elemental 
Scientific, Omaha, NE, USA) as described by Mu et al. (2015) and Yang 
et al. (2018a), after filtered through mixed cellulose esters (MCE) 

membranes (Merck Millipore, 0.45 µm) and acidified to pH < 2 with 
HNO3 (ultra pure, Merck, Germany). Certified reference materials 
(CRMs) of seawater including NASS 7 and MIX 014 were used to verify 
accuracy of the analysis, and the determined results were summarized in 
Table S1. 

Power samples of BDs, SPs, and SEs were digested in the sealed 
Teflon vessels with HNO3 (ultra pure, Merck, Germany) and HF (guar-
anteed reagent, GR, SINOPHARM, China) at 190 ◦C. After cooling, the 
lids of vessels were opened and HClO4 (GR, SINOPHARM, China) was 
added to vessels. Then, vessels were placed on an electric heating plate 
at 140 ◦C to evaporate the solution until it was nearly dry. After cooling 
again, HNO3 (ultra pure, Merck, Germany) was added and vessels were 
sealed at 110 ◦C for reaction. After that, solution in the vessels was 
diluted with ultra-pure water (18.2 MΩ cm Milli-Q water, Millipore) for 
trace element determination. 

Freeze-dried samples of oyster tissues were digested with HNO3 
(ultra pure, Merck, Germany) in Teflon vessels at 180 ◦C. After cooling, 
H2O2 (GR, SINOPHARM, China) was added and solutions were heated to 
evaporate to about 1 mL at 110 ◦C. After digestion, the extracting so-
lution was diluted with ultra-pure water (18.2 MΩ cm Milli-Q water, 
Millipore) for trace element analysis. 

The concentrations of As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, V, W, Zn, Rb 
and Sr in the digestion solutions and As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, 
V, and Zn in the seawater were determined by ICP-MS. Among these 
analyzed trace elements, W and Mo with many similar characteristics in 
solution were easily absorbed by Fe and Mn oxides and organic matter 
and transferred to sediment for accumulation (Mohajerin et al., 2016), 
which was predicted to respond significantly to biodepositon by oyster. 
On the contrary, Rb and Sr generally confined in mineral phases were 
strongly controlled by geological processes and displayed different 
behavior during weathering (Capo et al., 1998; Chang et al., 2013), 
therefore, they were considered to have opposite biogeochemical 
properties and show different results from the others in this study. 

The CRMs of marine sediments (GBW07314 and GBW07316), 
seawater (NASS 7 and MIX 014) and mussel (GBW08571) were used to 
verify accuracy of the method by using the same procedures as that for 
the BDs, SPs, SEs, seawater, and organism samples, and the determined 
results were summarized in Table S1. The concentrations of trace ele-
ments in BDs, SPs, SEs, and oyster are expressed as μg/g dry weight 
(dw). The concentrations of trace elements in seawater are expressed as 

Fig. 1. Suspended oyster farming location in Xiangshan Bay and the in situ experiment for this study. Green and grey dots represent sampling sites, of which three 
green sites (O1, O2, and O3) are located in oyster farming area (OF) and the grey sites (R1, R2, and R3) are located in the reference area (RA). BD: biodeposit; SP: 
settling particle; SE: sediment. 
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μg/L. 

2.3. Evaluation of trace element potential ecological risk 

The ecological risk factors (Er and RI) of trace elements which the 
toxic-response factors have been given were calculated to evaluate the 
ecological risks associated with the contents of trace elements in SEs 
(Håkanson, 1980). The Eri and RI were calculated by the following 
formula: 

RI =
∑

Eri = Tri ×
Ci

m

Ci
b  

where Cm
i and Cb

i are the concentrations of measured and background 
values of the target trace elements, respectively; Tri is the toxic-response 
factor for the trace elements; Eri denotes the potential ecological risk 
factors; and RI represents the total ecological risk of selected trace ele-
ments. Here, the Tri for target trace elements of As, Cd, Cr, Cu, Pb, and 
Zn are 10, 30, 2, 5, 5, and 1, respectively (Håkanson, 1980). The Cb

i 

values of the trace elements were taken from the upper crust of East 
China reported by Gao et al. (1998), with 4.4 μg/g for As, 0.079 μg/g for 
Cd, 80 μg/g for Cr, 32 μg/g for Cu, 18 μg/g for Pb, and 70 μg/g for Zn, 
respectively. 

2.4. Data analyses 

The comparison of trace element concentrations in the multiple 
samples collected from OF and RA were analysis using Student’t test. 
The normality of data in the multiple samples was assessed by one- 
sample Kolmogorov-Smirnov (K-S) tests. The seasonal variations and 
multiple media differences were assessed using one-way analysis of 
variance (ANOVA). Pearson correlation analysis and hierarchical cluster 
analysis (HCA) were used to classify the trace elements in the multiple 
samples of BDs, SPs, and SEs. Statistical significance was determined as 
p < 0.05. All statistical analyses were performed with the statistical 
package SPSS 20.0 (IBM SPSS Statistics, IBM Corp., USA). The graphics 
were generated using the Origin 8.1 (OriginLab Corp., USA). 

3. Results 

3.1. Water environmental parameters 

The seasonal and regional differences in temperature, salinity, pH, 
and DO of the seawater column are summarized in Table 2. The tem-
perature ranged from 9.6 ± 0.1 ◦C in winter at the surface water of OF to 
31.4 ± 0.5 ◦C in summer at the surface water of RA. The vertical dis-
tribution demonstrated that seawater temperature increased from the 
surface (9.6 and 10.6 ◦C for OF and RA, respectively) to the bottom (10.5 
and 11.2 ◦C for OF and RA, respectively) in winter, but decreased from 
the surface (29.9 and 31.4 ◦C for OF and RA, respectively) to the bottom 
(29.8 and 30.4 ◦C for OF and RA, respectively) in summer, and the 
variation was not obvious in spring (19.2 and 19.6 ◦C of surface and 19.5 
and 19.5 ◦C of bottom for OF and RA, respectively) and autumn (22.6 
and 22.8 ◦C of surface and 22.5 and 22.7 ◦C of bottom for OF and RA, 
respectively). The spatial and temporal distributions of seawater salinity 
in the study area were stable except in winter, mostly due to the regional 
current flow and rainfall runoff. The freshwater discharge into the study 
area largely came from Fuxi River and partly from the small river of 
Wushixi, which controlled by regional rainfall with large in summer and 
small in winter (Fig. 1, Yang et al., 2018b). The average salinity 
increased gradually from the surface (18.75) to the bottom (19.89). The 
pH of seawater in the study area was the highest averagely in summer 
(8.28), followed by winter (8.09), and the lowest in spring (7.93) and 
autumn (7.95). The vertical change of seawater pH was not obvious. The 
seasonal variation of DO in seawater was not obvious, except in winter 
(9.66 ± 0.19 mg/L) when it was mainly regulated by the low tempera-
ture. DO in seawater revealed a gradual decrease from the surface (9.88, 
7.49, 7.81, and 7.51 mg/L in winter, spring, summer, and autumn, 
respectively) to the bottom (9.61, 7.22, 7.33, and 7.47 mg/L in winter, 
spring, summer, and autumn, respectively), which depended on the 
exchange of seawater and air and the photosynthetic release by phyto-
plankton in the upper layer. The seasonal and vertical variations of those 
physical and chemical parameters in the seawater column followed the 
normal natural variability (Yang et al., 2018b; Jiang et al., 2019; Liao 
et al., 2022). 

Concentrations of suspended solids in the seawater column are dis-
played in Fig. S1. During the study period, the average concentrations of 
suspended solids in the water column collected from OF were lower than 

Table 1 
Sampling data for calculating biodeposition rates of oysters in OF of Xiangshan Bay.  

Seasons Traps Placing time Recovery time Exposure time 
(days) 

Sedimentation (g/ 
day) 

Number of 
oysters (ind.) 

Shell height of 
oyster (cm) 

Biodeposition rates (mg/ 
ind./day) 

Winter Oyster1 10:15 on January 
14, 2019 

11:00 on January 
19, 2019 

5.03 4.35 28 4.58 ± 1.41 120.79 
Oyster2 5.03 5.00 38 4.62 ± 0.33 105.73 
Oyster3 5.03 4.46 34 5.06 ± 0.67 83.35 
Control1 5.03 0.97    
Control2 5.03 0.99    
Control3 5.03 1.63    

Spring Oyster1 13:00 on April 26, 
2019 

10:00 on April 29, 
2019 

2.88 11.66 48 4.18 ± 0.81 38.93 
Oyster2 2.88 7.70 29 4.10 ± 0.27 11.40 
Oyster3 2.88 11.36 28 4.02 ± 0.14 24.68 
Control1 2.88 9.79    
Control2 2.88 7.37    
Control3 2.88 10.67    

Summer Oyster1 09:30 on July 27, 
2019 

09:30 on July 30, 
2019 

3.00 12.79 21 5.40 ± 1.00 337.62 
Oyster2 3.00 13.16 22 4.69 ± 0.16 173.33 
Oyster3 3.00 9.63 20 4.44 ± 0.38 55.00 
Control1 3.00 5.70    
Control2 3.00 9.34    
Control3 3.00 8.53    

Autumn Oyster1 09:00 on October 
23, 2019 

10:00 on October 
26, 2019 

3.04 10.31 23 6.21 ± 0.50 302.92 
Oyster2 3.04 8.87 27 7.31 ± 0.50 106.48 
Oyster3 3.04 8.15 21 6.75 ± 0.30 161.18 
Control1 3.04 3.34    
Control2 3.04 6.00    
Control3 3.04 4.77     
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that collected from RA in all cases, except for that in the surface water 
collected in spring (Table S2), which was consistent with our reported 
findings (Jiang et al., 2019). A significant difference (p < 0.05) between 
OF and RA was found in the surface (7.13 mg/L for OF and 12.04 mg/L 
for RA) and bottom (4.40 mg/L for OF and 6.61 mg/L for RA) water 
collected in winter and the whole water column (8.44 ± 0.59 mg/L for 
OF and 15.14 ± 3.42 mg/L for RA) in summer (Table S2). These results 
suggested that filter feeding of suspended oysters reduced the concen-
trations of suspended solids with average reduced values of 4.21 mg/L 
for surface layer water, 2.64 mg/L for middle layer water, and 
3.33 mg/L for bottom layer water, demonstrating a biological scav-
enging function which controlled by filter feeding rate of oyster (Jiang 
et al., 2019). 

3.2. Distribution of trace elements in BDs, SPs, and SEs 

Concentrations and their seasonal variations of trace elements 
including As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, V, W, Zn, Rb, and Sr in BDs, 
SPs, and SEs collected from RA and OF are demonstrated in Fig. 2 and 
Fig. S2. Overall, the concentrations of 12 trace elements of As, Cd, Co, 
Cr, Cu, Mn, Mo, Ni, Pb, V, W, and Zn in oyster BDs collected from traps 
with living oysters were higher than that in the control traps, especially 
in summer (14%, 6%, 15%, 14%, 11%, 18%, 6%, 14%, 14%, 15%, 16%, 
and 12% higher in traps with living oysters, respectively). Seasonal 
variations revealed that the differences in concentrations of trace ele-
ments (2% for As, 0% for Cd, 1% for Co, 2% for Cr, 2% for Cu, 1% for Mo, 
2% for Ni, 4% for V, 2% for W, and 3% for Zn), except Mn and Pb (12% 
and 18% higher in BDs, respectively), between BDs and control samples 
were very small in spring, followed by autumn (average 3 ± 2%), winter 
(average 8 ± 7%), and summer (average 13 ± 4%). These results sug-
gest that compared to the control samples, BDs accumulated more trace 
elements than originally presented in fine suspended particles, except 
for those that the oysters assimilated, which is consistent with the 
findings on trace elements in BDs produced by scallops Argopecten 
irradians (Wang et al., 2018). 

Similarly, concentrations of most trace elements in the SPs and SEs 
collected from OF were higher than those collected from RA. The 
average concentrations of Cd, Co, Cr, Cu, Mo, Ni, V, W, and Zn in the SPs 
from OF were 22%, 3%, 4%, 6%, 1%, 6%, 6%, 1%, and 5% higher than 
those from RA, respectively. In the same case, the higher percentages of 

As, Cd, Co, Cr, Cu, Mn, Mo, Ni, Pb, V, W, and Zn concentrations in SEs 
collected from OF compared with those from RA were 17%, 54%, 24%, 
31%, 26%, 5%, 19%, 30%, 5%, 25%, 19%, and 14%, respectively. 
Moreover, the concentrations of Rb and Sr in BDs, and SEs collected 
from RA were higher than those collected from OF with the average 
percentages of 9% and 19% in BDs, respectively, and 3% and 30% in SEs, 
respectively (Fig. S2), which were contrary to the distribution of other 
elements. The concentrations of As, Cr, Cu, Mo, Pb, V, W, and Zn in BDs, 
SPs, and SEs demonstrated the significant seasonal variations (p < 0.05, 
ANOVA), with the lowest concentrations of 9.50 ± 1.74, 74.26 ± 12.40, 
32.20 ± 5.66, 0.70 ± 0.10, 29.49 ± 2.99, 91.21 ± 14.83, 3.12 ± 0.54, 
and 104.60 ± 12.91 μg/g in summer, respectively, and the highest 
concentrations of 11.09 ± 0.81 μg/g (As), 84.73 ± 13.34 μg/g (Cr), 
38.34 ± 5.30 μg/g (Cu), and 111.91 ± 15.98 μg/g (V) in autumn and 
0.90 ± 0.13 μg/g (Mo), 37.91 ± 3.62 μg/g (Pb), 3.85 ± 0.62 μg/g (W), 
and 121.75 ± 11.91 μg/g (Zn) in winter. 

The ecological risk factors (i.e., Eri, RI) based on toxic-response 
factors of As, Cd, Cr, Cu, Pb, and Zn were calculated to evaluate the 
potential ecological risks of trace elements in SEs collected from RA and 
OF (Fig. 3). The average Er values were 61.67 ± 29.98 for Cd, 23.18 
± 4.34 for As, 8.65 ± 1.04 for Pb, 5.38 ± 1.00 for Cu, 1.82 ± 0.37 for 
Cr, and 1.51 ± 0.23 for Zn, showing low potential ecological risks (Er <
40) of As, Pb, Cu, Cr, and Zn, and moderate to considerable risks (40 ≤

Er < 80 and 80 ≤ Er < 160, respectively) of Cd. The average Er values of 
Cd contributed to 60% of the RI values. The average RI values of six trace 
elements in SEs from OF were observably higher than that from RA with 
a significant difference in spring (p < 0.05). The seasonal variations of 
RI values were also observed with higher in autumn (138.68 ± 13.39) 
than that in others (p < 0.01). 

Pearson correlation analysis and HCA were performed to explore the 
relationships between the trace elements in the multiple media of oyster 
biodeposition (Figs. 4 and 5). Strong positive correlations were found 
among the element group of As, Cd, Co, Cr, Cu, Ni, V, and Zn as well as 
among the group of Mn, Mo, Pb, and W (p < 0.01), except between As 
and Cd, and between Mn and W. In addition, there were also the sig-
nificant positive correlations between some element pairs (e.g. As-Mo, 
Co-Mn, Co-Mo, Co-Pb, Co-W, Cr-Mn, Cr-Mo, Cr-W, Cu-Mn, Cu-Mo, Cu- 
Pb, Cu-W, Ni-Mn, Ni-Mo, Ni-W, V-Mn, V-Mo, V-W, Zn-Mn, Zn-Mo, Zn- 
Pb, and Zn-W) which were from these two element groups (p < 0.01). 
At the significance level of p < 0.05, Ni and Pb demonstrated a positive 

Table 2 
Temperature, salinity, pH, and dissolved oxygen (DO) of seawater collected from different seasons, layer and sampling sites. The values show as means ± standard 
deviation. Different letters indicate significant differences (p < 0.05) identified using one way ANOVA followed by Tukey HSD test.  

Season Sites Layer Temperature (◦C) Salinity pH DO (mg/L) 

Winter OF Surface 9.6 ± 0.1 h 14.24 ± 0.08i 8.08 ± 0.02cde 9.92 ± 0.06a 

Middle 10.1 ± 0.3gh 16.34 ± 0.60 h 8.08 ± 0.02cde 9.64 ± 0.08a 

Bottom 10.5 ± 0.2fg 17.65 ± 0.51gh 8.08 ± 0.02cde 9.49 ± 0.08a 

RA Surface 10.6 ± 0.2efg 17.78 ± 0.25fg 8.11 ± 0.02bcd 9.84 ± 0.06a 

Middle 11.1 ± 0.1ef 18.78 ± 0.19defg 8.10 ± 0.01bcde 9.58 ± 0.22a 

Bottom 11.2 ± 0.1e 19.15 ± 0.21cdef 8.10 ± 0.00bcde 9.47 ± 0.16a 

Spring OF Surface 19.2 ± 0.2d 18.65 ± 0.50efg 7.92 ± 0.01e 7.47 ± 0.03cdefg 

Middle 19.3 ± 0.2d 19.90 ± 1.35abcde 7.93 ± 0.01e 7.34 ± 0.07defg 

Bottom 19.5 ± 0.2d 20.39 ± 1.05abc 7.93 ± 0.00de 7.16 ± 0.10efg 

RA Surface 19.6 ± 0.2d 19.92 ± 0.08abcde 7.94 ± 0.02de 7.51 ± 0.09cdef 

Middle 19.4 ± 0.1d 20.73 ± 0.25ab 7.93 ± 0.01de 7.33 ± 0.09defg 

Bottom 19.5 ± 0.1d 21.24 ± 0.45a 7.92 ± 0.01e 7.28 ± 0.08defg 

Summer OF Surface 29.9 ± 0.2b 19.38 ± 0.07bcde 8.20 ± 0.04bc 7.12 ± 0.05efg 

Middle 29.9 ± 0.1b 19.56 ± 0.08bcde 8.19 ± 0.04bc 7.07 ± 0.00fg 

Bottom 29.8 ± 0.1b 20.05 ± 0.12abcd 8.17 ± 0.04bc 6.95 ± 0.14 g 

RA Surface 31.4 ± 0.5a 19.41 ± 0.08bcde 8.56 ± 0.25a 8.50 ± 0.19b 

Middle 30.5 ± 0.4b 19.85 ± 0.36abcde 8.28 ± 0.04b 7.95 ± 0.44bc 

Bottom 30.4 ± 0.6b 20.01 ± 0.55abcde 8.25 ± 0.11bc 7.71 ± 0.55cde 

Autumn OF Surface 22.6 ± 0.2c 20.19 ± 0.11abc 7.96 ± 0.01de 7.58 ± 0.01cdef 

Middle 22.6 ± 0.1c 20.14 ± 0.16abcd 7.95 ± 0.00de 7.62 ± 0.05cde 

Bottom 22.5 ± 0.1c 20.22 ± 0.09abc 7.95 ± 0.01de 7.49 ± 0.03cdefg 

RA Surface 22.8 ± 0.2c 20.44 ± 0.01abc 7.95 ± 0.01de 7.44 ± 0.06cdefg 

Middle 22.7 ± 0.2c 20.38 ± 0.04abc 7.93 ± 0.00de 7.28 ± 0.13defg 

Bottom 22.7 ± 0.2c 20.38 ± 0.05abc 7.93 ± 0.00de 7.44 ± 0.15cdefg  
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correlation, while Cd and W showed a negative correlation. It is worth 
noting that Rb was positively correlated with Sr (p < 0.01) but they 
revealed significant negative correlations or insignificant weak positive 
correlations with other elements. The Euclidean distances for similar-
ities in variables and Ward’s method were applied for HCA after the 
trace element concentrations were standardized by z-scores, showing 
that all of the 14 trace elements were indentified three distinct clusters 
with cluster I consisting of As, Cd, Co, Cr, Cu, Ni, V, and Zn, cluster II 
comprised Mn, Mo, Pb, and W, and cluster III contained Rb and Sr 
(Fig. 5). 

3.3. Distribution of trace elements in seawater 

Concentrations of trace elements in the seawater column collected 
from OF and RA demonstrated that, on the whole, there was an insig-
nificant difference and obvious regularity of distributions for trace ele-
ments, except for Mn, in the seawater columns between OF and RA 
(Fig. 6). However, the concentration of dissolved Mn in the water col-
umns, especially in the bottom water (p < 0.05), collected from OF 
(3.02 ± 0.20 and 2.79 ± 0.26 in spring and autumn, respectively) was 
higher than that from RA (1.96 ± 0.27 and 1.79 ± 0.35 in spring and 

Fig. 2. Trace element concentrations (mean value ± standard deviation) in BDs, SPs, and SEs collected from RA and OF. The gray color of trace metal concentrations 
in BDs shows the sample collected from control traps with oyster shells, and the cyan color shows the sample collected from traps with living oyster. The gray color of 
trace metal concentrations in SPs and SEs shows the sample collected from RA, and the cyan color shows the sample collected from OF. 
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autumn, respectively). 

3.4. Concentrations of trace elements in cultured oysters 

Fig. 7 summarizes the concentrations of selected trace elements in 
the soft tissues of cultured oysters collected from OF during the four 
seasons. As described in our previous study (Liu et al., 2019), oysters 
hyper-accumulated Zn and Cu more than other elements in their soft 
tissues (1641.57 ± 876.12 and 730.66 ± 292.23 μg/g, respectively) in 
this study based on the unique physiological and metabolic process. The 
average concentrations of Mn, Sr, Cd, As, Rb, Ni, V, Cr, Pb, Co, Mo, and 
W in oyster tissues were 48.79 ± 20.50, 37.95 ± 16.35, 7.90 ± 2.47, 
6.73 ± 0.93, 4.67 ± 1.13, 2.41 ± 1.22, 1.73 ± 1.09, 1.28 ± 0.79, 1.15 
± 0.62, 0.34 ± 0.16, 0.24 ± 0.10, and 0.05 ± 0.02 μg/g, respectively. 
There was an insignificant seasonal difference in the concentrations of 
trace elements in oysters, except the concentrations of Ni were signifi-
cantly higher in summer and autumn than in winter and spring 
(p < 0.05). Generally, the seasonal variation trends of Zn, Cu, Sr, Cd, Ni, 
Cr, Pb, and Co concentrations in oyster tissues were higher in summer 
and autumn than that in winter and spring. 

3.5. Biodepositon rates of trace elements by cultured oyster 

The biodeposition rates of the cultured oysters in summer and 
autumn, with the means ± standard deviation (SD) of 188.65 
± 141.93 mg/ind./day and 190.19 ± 101.38 mg/ind./day, respec-
tively, were higher than in winter (103.29 ± 18.84 mg/ind./day) and 
spring (25.00 ± 13.77 mg/ind./day), although this did not reach sig-
nificance (p > 0.05, Table 1 and Fig. S3) according to the statistical 
result of one-way ANOVA. 

The biodeposition rates of trace elements by cultured oysters are 
illustrated in Table 3, showing that the biodeposition rate of Mn 
(153.12 ± 108.60 μg/ind./day) was the highest, followed by Sr, Rb, Zn, 
V, and Cr with the average values of 21.17 ± 12.95, 20.19 ± 13.11, 
16.95 ± 12.30, 14.16 ± 11.65, and 11.03 ± 8.64 μg/ind./day, respec-
tively, and biodeposition rates of Cd and Mo was the lowest (0.04 ± 0.03 
and 0.10 ± 0.08 μg/ind./day, respectively). In addition, the bio-
deposition rates of most trace elements, except for Pb, Rb, and Sr, dis-
played significant seasonal variations and the highest in summer and 
autumn and lowest in spring (p < 0.05) which was similar to the results 
of biodepositon rates of oysters. 

4. Discussion 

4.1. Influence factors on environmental parameters 

Generally, there were insignificant differences in these environ-
mental parameters of seawater between OF and RA (p > 0.05). How-
ever, according to the statistical results, the temperature and salinity of 
seawater in OF were lower than that in RA in winter (p < 0.05), which 
greatly affected by the sampling time. The samples from the OF were 
taken at 10 a.m. on January 14, 2019 with lower water temperature and 
salinity at this time. However, as the sampling progressed, it was already 
1 p.m. in RA, and the water temperature and salinity were increased by 
the solar radiation and rising tide, respectively. Fortunately, the rise of 
water temperature in the same layer was about 1 ◦C. In addition, the pH 
and DO of seawater collected from OF were lower than that from RA in 
summer (p < 0.05), which must be related with the algal blooms in 
warm season (Jiang et al., 2019). The field and experimental studies 
have identified the significant positive correlation among pH, DO, and 
chlorophyll a (correlation coefficient r = 0.93 for pH and chlorophyll a, 
r = 0.89 for DO and chlorophyll a) during the period of algal bloom 
(Zang et al., 2011). Our previous studies have demonstrated that oyster 
farming alleviated algal bloom effectively, furthermore, decreased the 
pH and DO (Jiang et al., 2019). 

Fig. 3. The ecological risk (Er) of trace elements in SEs collected from RA 
and OF. 

Fig. 4. Correlation coefficients and bubble charts for trace elements in BD, SP, 
and SE. ‘* ’and ‘* *’ indicate correlation coefficients significant at p < 0.05 and 
p < 0.01 (2-tailed), respectively. The bubble size exhibits the (1 - p) value and 
color represents the positive correlation (red) or negative correlation (blue). 

Fig. 5. Clustering analysis of 14 trace elements in 72 samples of BD, SP, and SE.  

Q. Liu et al.                                                                                                                                                                                                                                      



Journal of Hazardous Materials 443 (2023) 130347

8

Fig. 6. Trace element concentrations (mean value ± standard deviation) in seawater collected from RA and OF.  
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4.2. Comparisons of trace element concentrations in multiple media 

By comparing the concentrations of trace elements in BDs, SPs, and 
SEs, it can be seen that the concentrations of most elements, except As, 
Mo, W, Rb and Sr, were higher in SPs and BDs and lowest in SEs, con-
firming that more trace elements were enriched in the BDs released by 
oysters filtering fine seston (Grant et al., 2005; Wang et al., 2018), which 
adsorbed large amounts of trace elements because of their large specific 

surface area (Wang et al., 2018). Furthermore, as illustrated in Fig. 2, the 
concentrations of most trace elements, such as As, Co, Cr, Cu, Mn, Mo, 
Ni, V, W, and Zn in SPs were slightly higher than that in BDs (Not all 
elements were significant at p < 0.05), which mainly attributed to the 
adsorption of these particles on trace elements in the water column 
during the settling process (Hooda and Alloway, 1998; Gu et al., 2017). 
Due to the relatively low concentrations of trace elements in SEs 
compared to BDs and SPs, there was higher trace element concentrations 
in the SEs collected from OF than that from RA because of the faster 
settling of BDs which contained higher concentrations of trace elements. 
However, environmental factors, such as temperature, salinity, pH, and 
DO of bottom seawater, have limited influence on trace elements con-
centrations in SEs, except for the significant positive correlations of 
As-temperature, As-salinity, Pb-pH, Pb-DO, and W-DO and negative 
correlations of As-DO, Cu-salinity, W-temperature, and W-salinity 
(p < 0.05, Table S3). Notably, the values of ecological risk factors posed 
obvious higher potential ecological risks of trace elements in SEs from 
OF than that from RA (Fig. 3), showing moderate to considerable risks of 
Cd. However, the RI values of six trace elements in SEs from OF were low 
ecological risks (RI < 150) and Er values of Cd were also lower 
comparing to the other areas (Håkanson, 1980; Dan et al., 2022). 

Trace elements with positive correlations or in the same cluster re-
flected similar biogeochemical properties driven by cultured oyster 
biodeposition. These results indicated that most of the trace elements 
such as As, Cd, Co, Cr, Cu, Ni, V, and Zn were strongly influenced by 
oyster biodeposition, with BDs consolidating these elements from the 
water column, transporting them to the bottom, thereby causing their 
accumulation in the SEs (Wang et al., 2016a; Xia et al., 2016; Wang 
et al., 2018; Kuang et al., 2022). Some trace elements of Mn, Mo, Pb, and 
W were controlled by complicated hydraulic conditions as well as 
dominated by oyster biodeposition (Zhao et al., 2018). Moreover, their 
release or mobilization in the water column and SE were constrained by 
their geochemistry, especially by the redox processes of Mn (Pan et al., 
2021). These results indicated that Mn, Mo, Pb, and W enriched in BDs 
were depleted during their migration to the bottom. In contrast, Rb and 
Sr were abundant trace elements in seawater and generally confined in 
mineral phases (Capo et al., 1998). Thus, their concentrations in mul-
tiple samples were affected by the mineral content controlled by hy-
drological and geochemical processes. The biodeposition of bivalves 
contributed to the enrichment of organic matter and relatively reduced 
the mineral content, resulting in lower Rb and Sr concentrations in SEs 
(Wang et al., 2018). 

According to the trace element concentrations in the seawater col-
umns, biodeposition by cultured oysters did not affect the distribution of 
most trace elements, except for Mn, in the water phase. The elevated 
concentrations of dissolved Mn in the water columns of OF were largely 
due to the release and diffusion of Mn from sediments and suspended 
particles to overlying water columns through changes in physicochem-
ical properties and microbial metabolism of sediment or alteration of 
particulates during biodepositon by cultured oysters (Wang et al., 
2016b; Cheize et al., 2019; Ray et al., 2021; Yan et al., 2022). The 
environmental factors of temperature, salinity, pH, and DO of seawater 
have dominant influence on the trace elements concentrations in 
seawater (Table S4). Trace elements of V, As, and Mo have significant 
positive correlations and Cr, Co, and Zn have significant negative cor-
relations with seawater temperature. There are significant correlations 
between Mn, Mo, and Cd and salinity. Elements of V, Cu, As, and Mo 
have significant positive correlation with pH, while Cr and Zn show 
negative correlation with pH. There are significant positive correlations 
between V, Cu, As, and Cd and DO and negative correlation between Cr 
and Zn and DO. 

Cultured oysters were considered a sink for trace elements, with 
trace elements heavily accumulated in tissues removed from the 
cultured ecosystem through oyster harvest (Ray et al., 2021). Oysters 
eliminate suspended particles from the water column and assimilate the 
nutrients including trace elements in the planktonic biomass and 

Fig. 7. Trace element concentrations in the soft tissues of oyster collected 
from OF. 

Table 3 
Biodeposition rates of trace elements (μg/ind./day, mean value ± standard de-
viation) by cultured oysters in Xiangshan Bay. Different letters indicate signifi-
cant differences (p < 0.05) identified using LSD test of one-way ANOVA.   

Winter Spring Summer Autumn 

As 1.06 ± 0.12ab 0.22 ± 0.15b 2.02 ± 0.94a 2.06 ± 0.93a 

Cd 0.033 ± 0.014ab 0.006 
± 0.005b 

0.061 ± 0.029a 0.056 ± 0.030a 

Co 1.47 ± 0.17ab 0.46 ± 0.21b 3.08 ± 1.41a 2.97 ± 1.66a 

Cr 8.00 ± 0.89ab 1.81 ± 1.13b 16.88 ± 7.93a 17.42 ± 9.57a 

Cu 3.73 ± 0.44ab 0.85 ± 0.83b 6.88 ± 3.57a 8.08 ± 4.59a 

Mn 103.01 
± 15.47ab 

46.41 ± 7.38b 228.44 
± 84.34a 

234.61 
± 134.68a 

Mo 0.090 ± 0.008ab 0.015 
± 0.009b 

0.131 ± 0.089a 0.168 ± 0.085a 

Ni 3.93 ± 0.43ab 0.92 ± 0.63b 8.01 ± 3.84a 7.80 ± 4.26a 

Pb 4.24 ± 0.71 2.38 ± 0.59 7.01 ± 3.54 6.98 ± 4.50 
V 10.34 ± 1.26ab 1.49 ± 1.49b 20.86 ± 9.92a 23.95 ± 13.05a 

W 0.38 ± 0.04ab 0.11 ± 0.06b 0.66 ± 0.29a 0.63 ± 0.36a 

Zn 13.10 ± 1.98ab 4.50 ± 2.49b 23.95 ± 11.60a 26.26 ± 15.13a 

Rb 13.69 ± 3.02 13.22 ± 2.19 29.36 ± 13.63 24.50 ± 21.35 
Sr 12.16 ± 5 15.78 ± 3.49 24.33 ± 20.21 32.39 ± 10.35  
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detritus (Barrett et al., 2022). The results of this study suggested that the 
concentrations of trace elements in multiple media from OF were not 
dropped by oyster assimilation from the perspective of the whole 
mariculture ecosystem. Even oyster hyper-accumulation did not reduce 
Zn and Cu concentrations in seawater, BDs, SPs, and SEs collected from 
OF. 

4.3. Influence of biodeposition by oyster on trace element deposition 
fluxes 

The biodeposition rates of farmed oysters in this study were com-
parable with that in the previous literatures from the results with the 
same unit of measure. The results were similar to a study of Pacific 
oyster (Crassostrea gigas) in Hiroshima Bay, Japan, with biodeposition 
rates of 99.9 mg/ind./day in August, 288.5 mg/ind./day in October, 
87.7 mg/ind./day in February, and 41.7 mg/ind./day in April 1969 
(Arakawa et al., 1971). Moreover, the biodeposition rates of farmed 
Pacific oysters in Southern Tasmania, Australia of 290 mg/ind./day in 
November and 64 mg/ind./day in June also showed similar variations 
(Mitchell, 2006). 

Several factors, such as individual size, water temperature, water 
salinity, bait and water flow, affected the biodeposition rate of bivalves 
(Zhou et al., 2014). The seasonal variation of the cultured oyster bio-
deposition rates in Xiangshan Bay was related to the cultivation cycle of 
oysters, as oysters cultured in Xiangshan Bay were generally sown in 
spring with small individual sizes (4.11 ± 0.49 cm for shell height) and 
harvested in autumn and winter. The biodeposition rate of bivalves was 
positively correlated (correlation coefficient r = 0.73) with individual 
size, so the lowest biodeposition rate in spring was closely related to 
their sizes (Fig. S3). 

Seawater salinity and temperature were the important factors 
affecting the bivalve biodeposition. It has been demonstrated that low 
salinity led to the closure of shells and the reduction of feeding activities, 
which resulted in decreased biodeposition (Jaramillo et al., 1992). The 
surface seawater salinity in the biodeposits collected area was the lowest 
in winter (14.24 ± 0.08), while there was little difference in spring 
(18.65 ± 0.50), summer (19.38 ± 0.07), and autumn (20.19 ± 0.11), 
partly contributing to the slightly lower biodeposition rate of cultured 
oysters in winter (25.00 ± 13.77 mg/ind./day). It has been reported 
that the biodeposition rate of mussels (Mytilus edulis) was the highest in 
summer and the lowest in winter (Tsuchiya, 1980), while the bio-
deposition rate of mussels in the Baltic sea was high in summer, and the 
maximum value occurred in autumn (Kautsky and Evans, 1987). 
Therefore, it can be inferred that the high surface water temperature in 
summer (29.9 ± 0.2 ◦C) is responsible for the high biodeposition rate 
(188.65 ± 141.93 mg/ind./day). The water temperature affected the 
filtration activity and feeding rate of oysters, with generally increased 
filtering activity at high temperatures (Mitchell, 2006). Moreover, 
temperature strongly affects the growth rates of phytoplankton, the 
composition of suspended organic particles in water, with the linear 
increase at low temperature and rapid decline above the optimum 
(Edwards et al., 2016). Therefore, oysters adjusted their filter feeding 
capacity according to these factors to change the biodepositon rates. 

The biodeposition rates of trace elements by oysters were obtained 
by deducting the natural trace element deposition in the mariculture 
ecosystem. Therefore, biodeposition fluxes of trace elements were 
mainly controlled by biodeposition rates of farmed oysters and their 
significant seasonal variations were consistent with the changing trend 
of biodeposition rates. The biodeposition rates of trace elements by 
oysters in this study were slightly lower than that by scallops (Argopecten 
irradians) in Laizhou Bay from September to November 2013 (Wang 
et al., 2018) due to a variety of factors such as the species and size of 
bivalve as well as the hydrodynamic conditions and suspended particle 
concentrations of the study area (Zhou et al., 2014; Yang et al., 2018a, 
2018b; Jiang et al., 2019). This result notably concluded that the bio-
deposition of cultured oysters in Xiangshan Bay increased the depositon 

fluxes of trace elements from the water column to the bottom in the 
suspended mariculture area of oyster. 

It was still worth noting that natural environmental factors domi-
nated by hydrological dynamics had an indelible influence on deposition 
of trace elements. In this study, the concentrations of most trace ele-
ments, except for Cd, Rb, and Sr, in BDs, SPs, and SEs demonstrated 
obvious seasonal variations, with the lower concentrations in summer 
than the others. This phenomenon should be controlled by the increased 
wet deposition (plum rains) and runoff of Xiangshan Bay during the wet 
season in summer due to their dilution and flushing action (Li et al., 
2021). Additionally, the adsorption and desorption of trace elements 
from SEs and water column were also determined the distributions of 
trace elements in the SPs, SEs and seawater. The adsorption onto SPs 
partly increased the concentrations of trace elements in SPs and even-
tually in SEs. Desorption of trace elements from SEs across the overlying 
water into the water column heavily elevated the concentrations in 
water column. The adsorption or desorption following Fick’s first law 
influenced by the seasonal overlying water conditions, particularly the 
temperature, pH, salinity, and DO concentrations (Atkinson et al., 2007; 
Wang et al., 2016b; Ji et al., 2021). Thus, the significant seasonal vari-
ation (p < 0.05, t-test) caused higher concentrations of As, Cu, Mo and V 
in seawater collected in autumn (2.31 ± 0.15, 1.57 ± 0.03, 7.99 ± 0.19, 
and 2.58 ± 0.04 μg/L, respectively) than in spring (1.53 ± 0.08, 1.46 
± 0.06, 7.06 ± 0.38, and 1.57 ± 0.15 μg/L, respectively), in contrast to 
the concentrations of Cd and Cr which were higher in spring (0.068 
± 0.009 and 0.29 ± 0.01 μg/L, respectively) than those in autumn 
(0.065 ± 0.005 and 0.20 ± 0.03 μg/L, respectively), which were largely 
driven by seasonal riverine runoff and the overlying water parameters 
(Atkinson et al., 2007; Li et al., 2021; Ji et al., 2021). The riverine runoff 
was identified the main sources of dissolved and particulate trace ele-
ments in seawater of the estuary, which is adjacent to Xiangshan Bay, in 
wet seasons, while the estuarine region was the dominant source in 
normal and dry seasons (Yin et al., 2016). Besides, the observed releases 
of trace elements from SEs into overlying waters occurred at lower pH 
and DO concentrations with diversity among elements (Atkinson et al., 
2007). 

5. Conclusions 

This field in situ comparative study set up in Xiangshan Bay indicated 
that suspended non-fed oyster (Crassostrea plicatula) mariculture might 
regulate the distribution of trace element concentrations in multiple 
media samples by biodepositon. Comparable seasonal variation of bio-
deposition rates was observed, as the cultured oysters acted as filters and 
concentrators to reduce suspended particles in the water column. The 
findings confirmed our hypothesis that BDs consolidated large amounts 
of particulate trace elements from the water column, and continuously 
adsorbed them during the settling process, thereby increasing the trace 
element concentrations in the SEs of OF. Most trace elements were 
altered by this process to some extent due to their biogeochemical 
properties. The distribution of most trace elements in the water phase 
was not affected by cultured oysters, except Mn, which was abundant in 
SEs and suspended particles. Overall, oyster biodeposition increased the 
deposition fluxes of trace elements from the water column to the bottom 
in the mariculture area of Xiangshan Bay. In addition, trace elements 
hyper-accumulated in oyster tissues were completely removed from the 
ecosystem through the harvest, which cannot hide the impact of bio-
deposition on the deposition fluxes of trace elements. In conclusion, 
cultured oysters play an important role in the biodeposition and bio-
logical transfer of trace elements in coastal ecosystems, which help 
improve aquaculture water quality by removing particulate trace ele-
ments from the water column. 

Environmental Implication 

This field in situ study indicated that suspended cultured oysters 
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accelerated biodeposition of trace elements in coastal ecosystems, which 
help improve marine water quality by removing particulate trace ele-
ments from the water column to the sediment, according to the distri-
bution of trace elements in multiple media of biodeposits, settling 
particles, and sediments. 
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