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Metals are crucial to the stability of marine ecosystems, and it is important to analyze their spatial heterogeneity.
This study examined the distribution and influencing factors of six metals such as manganese (Mn), iron (Fe),
cobalt (Co), nickel (Ni), copper (Cu) and cadmium (Cd) in M4 seamount of the Western Pacific. The results
showed that the factors affecting the distribution of metals are complex. The concentration ranges of Mn, Fe, Co,
Ni, Cu, and Cd in the M4 seamount were 0-0.05, 0-0.44, 0-0.0014, 0-0.082, 0.12-0.16, and 0-0.013 pg/L,

respectively, roughly equivalent to those of other open seas, however, there were also some differences. Spe-
cifically, the distribution of ferromanganese nodules and Co-rich crusts, resulted in a significant increase in the
concentration of metals such as Mn, Fe, and Co in the bottom. This study will significantly contribute to our
understanding of the spatial heterogeneity of metals in seamount areas.

Metals, despite their low concentrations in various mediums, play a
vital role in maintaining ecosystem stability. For instance, iron (Fe) and
manganese (Mn) in the marine environment significantly impact
photosynthetic pigment synthesis and carbon fixation. Additionally, an
appropriate amount of cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn),
Fe, and Mn can promote the growth of organisms (Annabi-Trabelsi et al.,
2021; Hawco et al., 2022). Conversely, some metals like lead (Pb) and
mercury (Hg) exhibit significant toxicity, inhibiting the growth of ma-
rine organisms (Henderson et al., 2018; Gutiérrez-Ravelo et al., 2020).
This underscores the pivotal role of metals in marine organism growth
and material cycling. Therefore, understanding their concentration,
distribution, sources, destinations, ecological effect, and related factors
is a key focus of marine chemistry research.

The Western Pacific is renowned as a global hotspot for oceano-
graphic research, primarily due to its status as the region with the most
significant sea-atmosphere interaction (Hu et al., 2015; Dai et al.,
2020a). Moreover, it is a global hotspot for seamounts, which contribute
to an exceptionally intricate hydrological environment (Ma et al.,

2021Db). This area is also known for its abundant mineral resources,
including ferromanganese nodules and Co-rich crusts, making it a
renowned hub for mineral resource exploration (Du et al., 2017; Marino
et al., 2018). The intricate hydrological environment in the seamount
area likely enhances the dispersion of metals. Furthermore, the ferro-
manganese nodules and Co-rich crusts in this region are rich in various
metals, significantly influencing the spatial distribution characteristics
of metals in seawater. However, current metal research has primarily
focused on lakes, rivers, and offshore waters due to constraints in sample
collection and other factors (Almeida et al., 2006; Yang et al., 2014; Gao
et al., 2016; Zhuang et al., 2019). Regrettably, there is a notable lack of
research on metals in the seamount area of the Western Pacific, limiting
our comprehensive understanding of the baseline metal distribution in
the ocean.

This study explored the spatial distribution characteristics of six
metals such as Mn, Fe, Co, Ni, Cu and cadmium (Cd) in M4 seamount of
the Western Pacific. It analyzed the impact of environmental factors on
these metals, discussed the relationship between biogenic elements and
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metals, and evaluated the impact of seamount on metal distribution. The
findings of this study serve as a foundational reference for compre-
hending the spatial heterogeneity of metals in this area.

In May 2019, a comprehensive survey of the M4 seamount in the
Western Pacific was conducted aboard the research vessel “Science.”
This survey encompassed 16 stations categorized into two sections, A
and B, with station O serving as their intersection point (Fig. 1A). The
M4 seamount, with its summit situated at a depth of 106 m, is consid-
ered a shallow seamount (Ma et al., 2021a; Dai et al., 2022). It is
significantly influenced by the North Equatorial Current (NEC), which
flows from east to west in the 0-200 m range (Sun et al., 2013; Hu et al.,
2015) (Fig. 1B).

At various depths, including 0 m, 50 m, and 75 m, the Deep Chlo-
rophyll Maximum Layer (DCML) at approximately 100 m, 150 m, 200 m,
300 m, 500 m, 1000 m, 1500 m, 2000 m, and the bottom layer (at
approximately 2000-2500 m), the Niskin water sampler (KC-Denmark,
Denmark) was used to collect water samples. The collected samples were
subjected to measurements of the following parameters. Salinity, tem-
perature, and depth: Concurrent measurements of these parameters
were taken using the CTD (Sea-bird SBE911, USA). Dissolved oxygen
(DO): The Winkler iodometry method was used for determination, and
the determination error was +2 %. pH: The determination of pH values
was carried out using a multi-parameter tester (Mettler Toledo S479—B,
USA), with an accuracy of +0.002. Chlorophyll a (Chl a): Chl a con-
centrations were measured using the Turner fluorescence photometer
(Turner Designs, USA). Nitrate (NO3-N) and phosphate (PO4-P): The
automatic nutrient analyzer (SEAL QuAAtro, Germany) was used for
determination with detection limits of 0.02 and 0.01 pmol/L, respec-
tively. Particulate organic carbon (POC): The determination of POC
involved employing an element analyzer (Thermo Fisher Scientific Flash
EA 1112, USA), with an accuracy of +0.8 %o.. Metals: The inductively
coupled plasma mass spectrometer (Thermo Scientific iCAP-Q ICP-MS,
USA) was used for determination. To explore the relationships among
metals, environmental parameters, and biogenic elements, the Origin
Pro 2022 (Version 9.9.0, USA) was used for the Person Correlation
Analysis and Principal Components Analysis (PCA), P < 0.05. All the
samples were collected and measured in accordance with relevant
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references and marine survey specifications (GB12763.6-2007), and the
detailed methods were showed in the Supplementary data.

The upper waters exhibited high temperature, with readings
exceeding 28 °C at depths ranging from 0 m to 50 m. Notably, a sig-
nificant thermocline was observed in the layer spanning 75 m to 200 m
(Fig. 2A). In the 50-300 m range, there was a pronounced area of high
salinity, with the highest average salinity recorded at 34.69 at a depth of
150 m (Fig. 2B). The Oxygen Minimum Zone (OMZ), characterized by
DO levels falling below 3.2 mg/L (Paulmier and Ruiz-Pino, 2009),
extended from 290 m to 1100 m. The lowest DO value within this zone
was 2.92 mg/L (Fig. 2C). The pH levels displayed a change pattern that
closely mirrored the DO distribution (Fig. 2D). Chl a concentrations
peaked in the subsurface layer, with the DCML occurring at around 100
m (Fig. 2E). The nutrient levels in the upper waters of the M4 seamount
area were extremely limited. However, between depths of 75 m and 300
m, there was a rapid increase in both PO4-P and NOs-N concentrations,
resulting in the formation of a nutricline (Fig. 2F, G). In the upper wa-
ters, POC levels were high, exceeding an average of 14.50 pug/L in the
0-100 m depth range. However, in the 100-300 m layer, POC concen-
trations decreased significantly from 17.46 to 8.44 pg/L (Fig. 2H).

The distribution patterns of the six metals exhibited distinct vertical
distribution characteristics, which can be categorized into four types
(Fig. 3). Type 1: This type shows a decrease in metal concentration with
increasing water depth, followed by a gradual increase towards the
seabed. Mn exemplifies this pattern (Fig. 3A). At 0 m and 2000 m, the
Mn concentrations were measured at 0.017 and 0.004 pg/L, respec-
tively. Type 2: In this category, metal concentrations are lower in the
middle layer and higher in the subsurface layer and the bottom layer. Fe
and Co illustrate this type (Fig. 3B, C). At various depths, the Fe con-
centrations were as follows: 0 m - 0.060 pg/L, 75 m - 0.083 pg/L, 1000 m
- 0.032 pg/L, and 2000 m - 0.098 pg/L. For Co, concentrations at
different depths were: 0 m - 0.00016 pg/L, 150 m - 0.00029 pg/L, 1000
m -0.00018 pg/L, and 2000 m - 0.00024 pg/L. Type 3: In this type, metal
concentrations increase initially and then stabilize with increasing water
depth. Ni and Cd fall into this category (Fig. 3D, F). At varying depths, Ni
concentrations were recorded as follows: 0 m - 0.010 pg/L, 100 m -
0.010 pg/L, 1000 m - 0.049 pg/L, and 2000 m - 0.064 pg/L. For Cd,
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Fig. 1. Station maps of M4 seamount area. (A) The location of M4 seamount area, and the stations were divided into section A and section B. (B) The shape of M4
seamount, and the different color meant water depth. The blue arrows meant the North Equatorial Current (NEC). (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Vertical distribution of environmental parameters and biogenic elements in M4 seamount area. The dots meant different values of various parameters of each
station at different depth, and the lines meant average values of all stations at the same depth. (A) Temperature. (B) Salinity. (C) DO. (D) pH. (E) Chl a. (F) NOs-N. (G)

PO,4-P. (H) POC.

concentrations at different depths were: 0 m - 0.0003 pg/L, 100 m -
0.0006 pg/L, 1000 m - 0.0087 pg/L, and 2000 m - 0.0112 pg/L. Type 4:
This type displays minimal changes in metal concentration with
increasing water depth. Cu is representative of this pattern (Fig. 3E). At
various depths, Cu concentrations were measured as follows: 0 m -
0.154 pg/L, 500 m - 0.152 pg/L, 1000 m - 0.149 pg/L, and 2000 m -
0.141 pg/L.

The vertical distribution of various metals is affected by element
characteristics, the marine environment, chemical processes, and ma-
rine biological activities, and is mainly divided into seven types: 1)
surface enrichment and depletion at depth, 2) mid-depth maxima or
minima in the suboxic layer, 3) nutrient, 4) conservation, 5) mid-depth
minima, 6) mid-depth maxima, and 7) maxima and minima in anoxic
waters (Ellwood, 2008; Annabi-Trabelsi et al., 2021). The vertical

distribution of a specific metal can vary significantly based on location,
season, depth, and sediment environment. (Salomons and Forstner,
2012; Lagerstrom et al.,, 2013). For example, Mn concentrations
decrease significantly in areas heavily influenced by atmospheric
transport and river input, resulting in a surface enrichment and deple-
tion at depth pattern (Field et al., 2007). In regions with hydrothermal
activity, Mn levels rise rapidly in middle or bottom seawater, leading to
a mid-depth maxima pattern (Dekov and Savelli, 2004). In the anoxic
water column of the Pacific and Indian oceans, Mn reaches maximum
values, displaying a mid-depth maxima in the suboxic layer (Konovalov
et al., 2004; Tugrul et al., 2014; Verlaan and Cronan, 2022). The M4
seamount area, contains typical physical, chemical, and ecological
structures such as the thermocline, high-salinity zone, OMZ, low pH
zone, and DCML (Fig. 2), which may have profound effect on the
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Fig. 3. Vertical distribution of metals in M4 seamount area. In the three-dimensional diagram, the size of the dot meant the relative size of the concentration of metal

of each station at different depth. In the two-dimensional diagram, the dots meant the average values of all stations at the same depth. (A) Mn. (B) Fe. (C) Co. (D) Ni.
(E) Cu. (F) Cd.
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distribution of metals. In this study, the vertical distribution of Mn
showed a type of surface enrichment and depletion at depth but rose
slowly at depths of 1500 m and 2000 m. Fe and Co showed a type of mid-
depth maxima or minima in the suboxic layer. Ni and Cd exhibited
nutrient-like patterns, and their vertical distribution characteristics
were similar to the distribution of PO4-P and NO3-N. Cu demonstrated a
conservation pattern, with a relatively small concentration difference
between the highest and lowest levels, approximately 30 %. Metal dis-
tribution is influenced by various controlled factors, and these patterns
vary across environments and regions (Salomons and Forstner, 2012;
Lagerstrom et al., 2013; Twining and Baines, 2013). The vertical dis-
tribution structure of metals is relatively complex, except for Ni and Cd,
which exhibit relatively simple patterns. In this study, the vertical dis-
tribution characteristics of various metals were bound to be closely
related to the distribution of environmental parameters and biogenic
elements in the M4 seamount area, which will be further discussed in the
next section. In this study, the concentration ranges of Mn, Fe, Co, Ni,
Cu, and Cd were 0-0.05, 0-0.44, 0-0.0014, 0-0.082, 0.12-0.16, and
0-0.013 pg/L, respectively, while the average concentrations were
0.009, 0.065, 0.0002, 0.02, 0.15, and 0.004 pg/L, respectively. These
were roughly similar to the concentration ranges of metals in other sea
areas (Table 1), indicating that the concentration range of metals in the
open sea areas has little overall change.

In this study, Mn had a significantly positive correlation with other
environmental parameters, except for its negative correlation with
depth and salinity, and generally decreased with increasing depth
(Figs. 3A, 4). Studies have shown that Mn enriched in the surface layer
mainly originates from the transport via the atmosphere, rivers, conti-
nental shelves, etc. In the seawater, Mn is rapidly and permanently
consumed by various biological communities (Field et al., 2007;
Lagerstrom et al., 2013). The M4 seamount area was far from the
mainland, with the high surface Mn in this area mainly caused by at-
mospheric transport. There was a close relationship between Fe and Co
(r = 0.480, P < 0.05), but there was no obvious relationship between
these elements and environmental parameters and other metals (Fig. 4).
The Fe and Co concentrations were lower in the middle layer and higher
in the subsurface layer and bottom layer. The water layer with the
minimum value corresponded to the low value zone of DO and pH
(Figs. 2C, D; 3B, C). The M4 seamount area had a significant OMZ
structure with low DO (minimum: 2.92 mg/L). Low-oxygen structures
such as OMZ occur in the sea area with limited circulation and obvious
seawater stratification (Wei et al., 2021; Ma et al., 2023), and the low
DO and low pH environment in this area has a certain impact on the
redox conditions in the waters, thus affecting metal distribution. Studies
have shown that in low DO and low pH environments, the vertical dis-
tribution of metals such as Mn, Fe, Cr, and Co has changed greatly, often
with maximum or minimum values (Delgadillo-Hinojosa et al., 2006;
Clement et al., 2009; Ardelan and Steinnes, 2010). It is also necessary to
note that the M4 seamount area is also one of the main distribution areas
of ferromanganese nodules and Co-rich crusts (Gan et al., 2021; Wang
et al., 2021; Xu, 2021). Whether the existence of the seamount has an
impact on the distribution of metals such as Fe and Co will be further
discussed in the next section. In addition, in this study, the Cu concen-
tration from the surface to the deep layer changed slightly, while the
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Fig. 4. Person Correlation Analysis result among metals, environmental pa-
rameters and biogenic elements in M4 seamount area.
Note: the “*” represented the strong correlation (P < 0.05), and the color of the
square represents positive (red) or negative (blue) correlation. (For interpre-
tation of the references to color in this figure legend, the reader is referred to
the web version of this article.)

vertical distribution was conservative. There was no obvious relation-
ship between Cu and environmental parameters and other metals
(Fig. 4). In some studies, the vertical distribution of Cu had a type of
nutrient or mid-depth minima (Wang and Wang, 2007; Salomons and
Forstner, 2012), which may be caused by the environmental differences
in different research areas.

There was also a close relationship between the vertical distribution
of biogenic elements and metals, and the most significant representative
was the relationship between nutrients and nutrient-type metals (Song,
2011; Ran et al., 2018). In this study, the vertical distribution of Ni and
Cd showed a significant nutrient-type structure. Ni and Cd were not only
positively correlated with NO3-N (r = 0.746, r = 0.965, P < 0.05), but
also closely correlated with PO4-P (r = 0.736, r = 0.965, P < 0.05)
(Fig. 4). Fig. 5 shows the close relationship between Ni and Cd and
nutrients; it is evident that Cd has a stronger correlation with NO3-N and
PO4-P. The bioavailability of nutrient-type metals is similar to that of
nutrients; after being absorbed and utilized by phytoplankton in the
upper waters, it is transported to the middle and deep oceans by bio-
logical pumps, and then decomposed and released, making its concen-
tration significantly higher in the middle and deep oceans (Milne et al.,
2010). Notably, although the vertical distribution of Ni and Cd are of the
typical nutrient type, there exist certain differences between them. Cd
distribution is mainly controlled by the influence of a shallow water

Table 1
Concentration range of metals in different sea areas.
Study area Depth (m) Mn (pg/L) Fe (pg/L) Co Ni Cu Cd (pg/L) Reference
(ng/L) (ng/L) (ng/L)
Atlantic Ocean 0-1200 0-0.11 0-0.06 0-0.0053 0-0.29 0.06-0.10 0-0.03 Milne et al. (2010)
Atlantic Ocean 0-4000 0-0.09 0-0.04 0-0.0029 0-0.29 0.03-0.13 / Lagerstrom et al. (2013)
Southern Ocean 0-1000 0-0.01-0.02 0-0.02 0-0.0014 0.24-0.41 0.06-0.11 0.02-0.11 Wuttig et al. (2019)
Pacific Ocean 0-200 0-0.06 0-0.02 / / / / Pinedo-Gonzalez et al. (2020)
Pacific Ocean 0-5000 0-0.04 0-0.04 0-0.0029 0-0.59 0.03-0.32 / Lagerstrom et al. (2013)
M4 seamount 0-2500 0-0.05 0-0.44 0-0.0014 0-0.082 0.12-0.16 0-0.01 This study

Note: the “/” represented no data.
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Fig. 5. PCA result among metals, environmental parameters and biogenic elements in M4 seamount area.
Note: the closer the position and length of the arrows represented the closer the relationships.

regeneration cycle, and is more closely related to NO3-N and PO4-P, with
a maximum value at the middle depths (Sunda and Huntsman, 2000;
Hendry et al., 2008). In contrast, Ni may be related to the regeneration
cycle combining shallow water and deep water, with its concentration
increasing from the middle layer to the bottom layer (Milne et al., 2010;
Salomons and Forstner, 2012). In this study, the sampling water depth
was only 0-2500 m, while the water depth of 0-5000 m generally de-
scribes the distribution characteristics of nutrient-type metals. There-
fore, due to the limitation of the sampling water depth, the difference
between the vertical distribution of Ni and Cd was not very obvious
(Fig. 3D, F). However, as shown in Figs. 4 and 5, as well in relevant
reports (Ellwood, 2008; Salomons and Forstner, 2012), there were dif-
ferences in the distribution of Ni and Cd.

POC is also a typical representative of biogenic elements. POC is
closely related to marine biological activities, and is an important
parameter to evaluate the productivity level of a certain sea areas
(McNichol and Aluwihare, 2007; Malinverno and Martinez, 2015; Ma
et al., 2021c). A part of POC is decomposed by microorganisms and
returns to the form of inorganic carbon, while the other part is buried in
the seabed, which is the main form of carbon output and fixation in
seawater. In this study, POC had a significantly positive correlation with
Mn (r = 0.495, P < 0.05). The POC and Mn concentrations gradually
decreased and slowly increased with the increase of water depth, t
(Figs. 2H, 3A). In addition, POC showed a significantly negative corre-
lation with Ni and Cd (r = —0.440, r = —0.604, P < 0.05; Figs. 4, 5), and
had no significant relationship with other metals. POC is also closely
related to the productivity of phytoplankton (Song, 2011; Ma et al.,
2021c). In this study, POC was closely related to Chl a (r = 0.476, P <
0.05), and they were closely related to Mn, indicating a similar vertical
distribution type of phytoplankton and Mn, thus proving that Mn can be
partially absorbed and consumed by phytoplankton and other biological
communities (Sunda and Huntsman, 2000; Twining and Baines, 2013).

“Seamount effect” refers to the upwelling, circulation, Taylor col-
umn, and other currents around the seamount that cause the high

concentration of nutrients in the upper waters, promote the growth of
phytoplankton, and then attract zooplankton and fish (Dai et al., 2020a,
b; Wang et al., 2023). Upwelling is the most important reason for the
formation of the “seamount effect.” In seamount research, the existence
of upwelling is often determined by the rise of the isotherm (Genin,
2004). In this study, there was no upwelling in depths of 0-2500 m
(Fig. 6A). On the contrary, near station O on the seamount summit, the
isotherm and isohaline subsided (Fig. 6A, B), and the isolines of Mn, Ni,
and Cd also changed simultaneously (Fig. 6C, D, E). In fact, not all
seamounts have upwelling near them; even the same seamount may not
exhibit upwelling if examined at different times. For example, upwelling
was rarely found in deep-sea mountains (Ma et al., 2021b). However, in
many surveys of shallow seamounts or medium-deep seamounts such as
the Great Meteor, Minami-kasuga, and Cobb, the “seamount effect” was
only found in a few studies (MouriNO et al., 2001; Ma et al., 2021¢c; Ma
et al., 2023). For the M4 seamount area, from the scale of 0-200 m in the
upper waters during the survey in August 2017, there was significant
circulation and upwelling, which greatly improved the oligotrophic
level in this region, and also promoted the aggregation of phytoplankton
near the seamount summit, forming the “seamount effect” (Dai et al.,
2020a; Ma et al., 2021b). This study serves as the second survey of M4
seamounts in May 2019, focusing on the spatial heterogeneity of metals.
No obvious positional relationship between the location of seamounts
and the distribution of various metals was observed (Fig. 6C-H).
Meanwhile, only from the scale of 0-2500 m, the impact of seamount on
the upper waters was weak, and whether there was “seamount effect” in
this survey must be further investigated.

Notably, Mn, Fe, and Co in some water layers in contact with the
bottom of the seamount increased significantly (Fig. 6C, F, G), indicating
that although there is no “seamount effect” in the M4 seamount at
depths of 0-2500 m, the existence of seamounts may still have a certain
impact on the distribution of metals. Seamounts are also the main dis-
tribution areas of mineral resources. Globally, many seamounts have
become mining areas and have been undergoing continuous
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Fig. 6. Metals, temperature and salinity in section B of M4 seamount area. (A) Temperature. (B) Salinity. (C) Mn. (D) Ni. (E) Cd. (F) Fe. (G) Co. (H) Cu.

development (Clark et al., 2010; Rowden et al., 2010). The M4 seamount
is located at the edge of the Magellan seamount mining area. Many
studies have found that there is a large number of ferromanganese
nodules and Co-rich crusts around the seamount (Xu, 2021). Ferro-
manganese nodules and Co-rich crusts are rich in metals such as Mn, Fe,
Co, and Ni, which could be released into the surrounding environment,
thus significantly increasing metal concentrations (Zhang et al., 2016;
Ren et al., 2022). It was evident that the concentration of metals such as
Mn, Fe, and Co in the M4 seamount gradually decreases with water
depth (Fig. 3A-C), but significantly increases in the bottom waters. This
change may be closely related to abundant ferromanganese nodules and
Co-rich crusts in the M4 seamount. Many studies have noted that the
vertical change in the concentration of metals is closely related to typical
environments such as seamounts, hydrothermal solutions, and cold
seepage. A large amount of metals can be released into adjacent waters,
thus significantly changing the vertical distribution structure of these
metals (German et al., 2016; Keith et al., 2016; Nozaki et al., 2016).

CRediT authorship contribution statement

Jun Ma: Writing — original draft, Visualization, Formal analysis,
Investigation, Funding acquisition. Xuegang Li: Conceptualization,
Project administration, Funding acquisition. Jinming Song: Methodol-
ogy, Resources, Writing — review & editing, Supervision. Lilian Wen:
Methodology, Formal analysis, Investigation. Xianmeng Liang: Inves-
tigation. Kuidong Xu: Investigation, Funding acquisition. Jiajia Dai:
Formal analysis, Investigation, Funding acquisition.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.



J. Ma et al.
Acknowledgments

This study was supported by the National Natural Science Founda-
tion of China (No. 42206135, 41930533), the Shandong Provincial
Natural Science Foundation (No. ZR2022QD019), the Laoshan Labora-
tory (LSKJ202204001), the Strategic Priority Research Program of the
Chinese Academy of Sciences (XDB42000000), and the Special Research
Assistant Project of Chinese Academy of Sciences, China.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.marpolbul.2023.115664.

References

Almeida, C.M.R., Mucha, A.P., Vasconcelos, M.T.S., 2006. Comparison of the role of the
sea club-rush Scirpus maritimus and the sea rush Juncus maritimus in terms of
concentration, speciation and bioaccumulation of metals in the estuarine sediment.
Environ. Pollut. 142, 151-159.

Annabi-Trabelsi, N., Guermazi, W., Karam, Q., Ali, M., Uddin, S., Leignel, V., Ayadi, H.,
2021. Concentrations of trace metals in phytoplankton and zooplankton in the Gulf
of Gabcs, Tunisia. Mar. Pollut. Bull. 168, 112392.

Ardelan, M., Steinnes, E., 2010. Changes in mobility and solubility of the redox sensitive
metals Fe, Mn and Co at the seawater-sediment interface following CO, seepage.
Biogeosciences 7, 569-583.

Clark, M.R., Rowden, A.A., Schlacher, T., Williams, A., Consalvey, M., Stocks, K.I.,
Rogers, A.D., O’Hara, T.D., White, M., Shank, T.M., 2010. The ecology of seamounts:
structure, function, and human impacts. Ann. Rev. Mar. Sci. 2, 253-278.

Clement, B.G., Luther II, G.W., Tebo, B.M., 2009. Rapid, oxygen-dependent microbial
Mn (II) oxidation kinetics at sub-micromolar oxygen concentrations in the Black Sea
suboxic zone. Geochim. Cosmochim. Acta 73, 1878-1889.

Dai, S., Zhao, Y., Li, X., Wang, Z., Zhu, M., Liang, J., Liu, H., Tian, Z., Sun, X., 2020a. The
seamount effect on phytoplankton in the tropical western Pacific. Mar. Environ. Res.
162, 105094.

Dai, S., Zhao, Y., Liu, H., Hu, Z., Zheng, S., Zhu, M., Guo, S., Sun, X., 2020b. The effects of
a warm-core eddy on chlorophyll a distribution and phytoplankton community
structure in the northern South China Sea in spring 2017. J. Mar. Syst. 210, 103396.

Dai, S., Zhao, Y., Li, X., Wang, Z., Zhu, M., Liang, J., Liu, H., Sun, X., 2022. Seamount
effect on phytoplankton biomass and community above a deep seamount in the
tropical western Pacific. Mar. Pollut. Bull. 175, 113354.

Dekov, V.M., Savelli, C., 2004. Hydrothermal activity in the SE Tyrrhenian Sea: an
overview of 30 years of research. Mar. Geol. 204, 161-185.

Delgadillo-Hinojosa, F., Segovia-Zavala, J., Huerta-Diaz, M., Atilano-Silva, H., 2006.
Influence of geochemical and physical processes on the vertical distribution of
manganese in Gulf of California waters. Deep-Sea Res. I Oceanogr. Res. Pap. 53,
1301-1319.

Du, D., Ren, X., Yan, S., Shi, X,, Liu, Y., He, G., 2017. An integrated method for the
quantitative evaluation of mineral resources of cobalt-rich crusts on seamounts. Ore
Geol. Rev. 84, 174-184.

Ellwood, M.J., 2008. Wintertime trace metal (Zn, Cu, Ni, Cd, Pb and Co) and nutrient
distributions in the Subantarctic Zone between 40-52 S; 155-160 E. Mar. Chem. 112,
107-117.

Field, M.P., LaVigne, M., Murphy, K.R., Ruiz, G.M., Sherrell, R.M., 2007. Direct
determination of P, V, Mn, As, Mo, Ba and U in seawater by SF-ICP-MS. J. Anal. At.
Spectrom 22, 1145-1151.

Gan, Y., Ma, X., Luan, Z., Yan, J., 2021. Morphology and multifractal features of a guyot
in specific topographic vicinity in the Caroline Ridge, West Pacific. J. Oceanol.
Limnol. 39, 1591-1604.

Gao, X., Zhou, F., Lui, H.K., Lou, J.Y., Chen, C.T.A., Zhuang, W., 2016. Trace metals in
surface sediments of the Taiwan Strait: geochemical characteristics and
environmental indication. Environ. Sci. Pollut. Res. 23, 10494-10503.

Genin, A., 2004. Bio-physical coupling in the formation of zooplankton and fish
aggregations over abrupt topographies. J. Mar. Syst. 50, 3-20.

German, C.R., Casciotti, K., Dutay, J.C., Heimbiirger, L.E., Jenkins, W.J., Measures, C.,
Mills, R., Obata, H., Schlitzer, R., Tagliabue, A., 2016. Hydrothermal impacts on
trace element and isotope ocean biogeochemistry. Philos. Trans. R. Soc. A Math.
Phys. Eng. Sci. 374, 20160035.

Gutiérrez-Ravelo, A., Gutiérrez, A.J., Paz, S., Carrascosa-Iruzubieta, C., Gonzalez-
Weller, D., Caballero, J.M., Revert, C., Rubio, C., Hardisson, A., 2020. Toxic metals
(AL cd, pb) and trace element (b, ba, co, cu, cr, fe, li, mn, mo, ni, sr, v, zn) levels in
sarpa salpa from the north-eastern atlantic ocean region. Int. J. Environ. Res. Public
Health 17, 7212.

Hawco, N.J., Tagliabue, A., Twining, B.S., 2022. Manganese limitation of phytoplankton
physiology and productivity in the Southern Ocean. Global Biogeochem. Cycles 36,
€2022GB007382.

Henderson, G.M., Achterberg, E.P., Bopp, L., 2018. Changing trace element cycles in the
21st century ocean. Elements 14, 409-413.

Hendry, K.R., Rickaby, R.E., de Hoog, J.C., Weston, K., Rehkdmper, M., 2008. Cadmium
and phosphate in coastal Antarctic seawater: implications for Southern Ocean
nutrient cycling. Mar. Chem. 112, 149-157.

Marine Pollution Bulletin 196 (2023) 115664

Hu, D., Wu, L., Cai, W., Gupta, A.S., Ganachaud, A., Qiu, B., Gordon, A.L., Lin, X.,
Chen, Z., Hu, S., 2015. Pacific western boundary currents and their roles in climate.
Nature 522, 299-308.

Keith, M., Hackel, F., Haase, K.M., Schwarz-Schampera, U., Klemd, R., 2016. Trace
element systematics of pyrite from submarine hydrothermal vents. Ore Geol. Rev.
72, 728-745.

Konovalov, S., Samodurov, A., Oguz, T., Ivanov, L., 2004. Parameterization of iron and
manganese cycling in the Black Sea suboxic and anoxic environment. Deep-Sea Res. I
Oceanogr. Res. Pap. 51, 2027-2045.

Lagerstrom, M.E., Field, M.P., Séguret, M., Fischer, L., Hann, S., Sherrell, R.M., 2013.
Automated on-line flow-injection ICP-MS determination of trace metals (Mn, Fe, Co,
Ni, Cu and Zn) in open ocean seawater: application to the GEOTRACES program.
Mar. Chem. 155, 71-80.

Ma, J., Song, J., Li, X., Wang, Q., Sun, X., Zhang, W., Zhong, G., 2021a. Seawater
stratification vs. plankton for oligotrophic mechanism: a case study of M4 seamount
area in the Western Pacific Ocean. Mar. Environ. Res. 169, 105400.

Ma, J., Song, J., Li, X., Wang, Q., Zhong, G., 2021b. Multidisciplinary indicators for
confirming the existence and ecological effects of a Taylor column in the Tropical
Western Pacific Ocean. Ecol. Indic. 127, 107777.

Ma, J., Song, J., Li, X., Wang, Q., Zhong, G., Yuan, H., Li, N., Duan, L., 2021c. The OMZ
and its influence on POC in the tropical Western Pacific Ocean: based on the survey
in March 2018. Front. Earth Sci. 9, 632229.

Ma, J., Li, X., Song, J., Wen, L., Wang, Q., Xu, K., Dai, J., Zhong, G., 2023. The effects of
seawater thermodynamic parameters on the oxygen minimum zone (OMZ) in the
tropical western Pacific Ocean. Mar. Pollut. Bull. 187, 114579.

Malinverno, A., Martinez, E.A., 2015. The effect of temperature on organic carbon
degradation in marine sediments. Sci. Rep. 5, 1-10.

Marino, E., Gonzdlez, F.J., Lunar, R., Reyes, J., Medialdea, T., Castillo-Carrion, M.,
Bellido, E., Somoza, L., 2018. High-resolution analysis of critical minerals and
elements in Fe-Mn crusts from the Canary Island Seamount Province (Atlantic
Ocean). Minerals 8, 1-36.

McNichol, A.P., Aluwihare, L.I., 2007. The power of radiocarbon in biogeochemical
studies of the marine carbon cycle: insights from studies of dissolved and particulate
organic carbon (DOC and POC). Chem. Rev. 107, 443-466.

Milne, A., Landing, W., Bizimis, M., Morton, P., 2010. Determination of Mn, Fe, Co, Ni,
Cu, Zn, Cd and Pb in seawater using high resolution magnetic sector inductively
coupled mass spectrometry (HR-ICP-MS). Anal. Chim. Acta 665, 200-207.

MouriNO, B., FernANdez, E., Serret, P., Harbour, D., Sinha, B., Pingree, R., 2001.
Variability and seasonality of physical and biological fields at the Great Meteor
Tablemount (subtropical NE Atlantic). Oceanol. Acta 24, 167-185.

Nozaki, T., Tokumaru, A., Takaya, Y., Kato, Y., Suzuki, K., Urabe, T., 2016. Major and
trace element compositions and resource potential of ferromanganese crust at
Takuyo Daigo Seamount, northwestern Pacific Ocean. Geochem. J. 50, 527-537.

Paulmier, A., Ruiz-Pino, D., 2009. Oxygen minimum zones (OMZs) in the modern ocean.
Prog. Oceanogr. 80, 113-128.

Pinedo-Gonzélez, P., Hawco, N.J., Bundy, R.M., Armbrust, E.V., Follows, M.J., Cael, B.B.,
White, A.E., Ferrén, S., Karl, D.M., John, S.G., 2020. Anthropogenic Asian aerosols
provide Fe to the North Pacific Ocean. Proc. Natl. Acad. Sci. 117, 27862-27868.

Ran, X., Liu, J., Zang, J., Xu, B., Zhao, S., Wu, W., Wang, H., Liu, S., 2018. Export and
dissolution of biogenic silica in the Yellow River (Huanghe) and implications for the
estuarine ecosystem. Mar. Chem. 200, 14-21.

Ren, J., He, G., Deng, X., Deng, X., Yang, Y., Yao, H., Yang, S., 2022. Metallogenesis of co-
rich ferromanganese nodules in the northwestern Pacific: selective enrichment of
metallic elements from seawater. Ore Geol. Rev. 143, 104778.

Rowden, A.A., Dower, J.F., Schlacher, T.A., Consalvey, M., Clark, M.R., 2010. Paradigms
in seamount ecology: fact, fiction and future. Mar. Ecol. 31, 226-241.

Salomons, W., Forstner, U., 2012. Metals in the Hydrocycle. Springer Science & Business
Media, Berlin, Germany, pp. 231-354.

Song, J., 2011. Biogeochemical Processes of Biogenic Elements in China Marginal Seas.
Springer Science & Business Media, Berlin, Germany, pp. 1-62.

Sun, Y., Sun, D.-Z., Wu, L., Wang, F., 2013. Western pacific warm pool and ENSO
asymmetry in CMIP3 models. Adv. Atmos. Sci. 30, 940-953.

Sunda, W.G., Huntsman, S.A., 2000. Effect of Zn, Mn, and Fe on Cd accumulation in
phytoplankton: implications for oceanic Cd cycling. Limnol. Oceanogr. 45,
1501-1516.

Tugrul, S., Murray, J.W., Friederich, G.E., Salihoglu, i., 2014. Spatial and temporal
variability in the chemical properties of the oxic and suboxic layers of the Black Sea.
J. Mar. Syst. 135, 29-43.

Twining, B.S., Baines, S.B., 2013. The trace metal composition of marine phytoplankton.
Ann. Rev. Mar. Sci. 5, 191-215.

Verlaan, P.A., Cronan, D.S., 2022. Origin and variability of resource-grade marine
ferromanganese nodules and crusts in the Pacific Ocean: a review of biogeochemical
and physical controls. Geochemistry 82, 125741.

Wang, C., Wang, X., 2007. Spatial distribution of dissolved Pb, Hg, Cd, Cu and as in the
Bohai Sea. J. Environ. Sci. 19, 1061-1066.

Wang, Q., Wang, Z., Liu, K., Cui, Q., Shi, X., 2021. Geochemical characteristics and
geological implication of ferromanganese crust from CM6 Seamount of the Caroline
Ridge in the Western Pacific. J. Oceanol. Limnol. 39, 1605-1621.

Wang, C., Ma, J., Wei, Y., Li, H., Denis, M., Li, X., Zheng, S., Zhao, Y., Grégori, G.,
Zhang, W., Xiao, T., 2023. Potential seamount effect on the distribution of the
hydrographic features and community structure of pelagic ciliates at the Caroline
seamount (tropical western Pacific) in late (2017) and early summer (2019). Deep-
Sea Res. I Oceanogr. Res. Pap. 200, 104155.

Wei, Q., Xue, L., Yao, Q., Wang, B., Yu, Z., 2021. Oxygen decline in a temperate marginal
sea: contribution of warming and eutrophication. Sci. Total Environ. 757, 143227.


https://doi.org/10.1016/j.marpolbul.2023.115664
https://doi.org/10.1016/j.marpolbul.2023.115664
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0005
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0005
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0005
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0005
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0010
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0010
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0010
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0015
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0015
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0015
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0020
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0020
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0020
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0025
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0025
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0025
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0030
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0030
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0030
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0035
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0035
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0035
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0040
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0040
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0040
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0045
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0045
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0050
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0050
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0050
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0050
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0055
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0055
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0055
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0060
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0060
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0060
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0065
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0065
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0065
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0070
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0070
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0070
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0075
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0075
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0075
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0080
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0080
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0085
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0085
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0085
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0085
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0090
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0090
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0090
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0090
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0090
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0095
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0095
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0095
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0100
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0100
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0105
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0105
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0105
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0110
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0110
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0110
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0115
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0115
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0115
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0120
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0120
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0120
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0125
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0125
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0125
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0125
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0130
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0130
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0130
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0135
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0135
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0135
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0140
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0140
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0140
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0145
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0145
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0145
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0150
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0150
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0155
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0155
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0155
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0155
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0160
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0160
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0160
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0165
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0165
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0165
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0170
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0170
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0170
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0175
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0175
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0175
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0180
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0180
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0185
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0185
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0185
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0190
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0190
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0190
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0195
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0195
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0195
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0200
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0200
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0205
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0205
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0210
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0210
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0215
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0215
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0220
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0220
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0220
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0225
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0225
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0225
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0230
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0230
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0235
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0235
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0235
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0240
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0240
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0245
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0245
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0245
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0250
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0250
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0250
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0250
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0250
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0255
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0255

J. Ma et al.

Wuttig, K., Townsend, A.T., van der Merwe, P., Gault-Ringold, M., Holmes, T.,
Schallenberg, C., Latour, P., Tonnard, M., Rijkenberg, M.J.A., Lannuzel, D., Bowie, A.
R., 2019. Critical evaluation of a seaFAST system for the analysis of trace metals in
marine samples. Talanta 197, 653-668.

Xu, K., 2021. Exploring seamount ecosystems and biodiversity in the tropical Western
Pacific Ocean. J. Oceanol. Limnol. 39, 1585-1590.

Yang, G.P., Song, Y.Z., Zhang, H.H., Li, C.X., Wu, G.W., 2014. Seasonal variation and
biogeochemical cycling of dimethylsulfide (DMS) and dimethylsulfoniopropionate
(DMSP) in the Yellow Sea and Bohai Sea. J. Geophys. Res. Oceans 119, 8897-8915.

Marine Pollution Bulletin 196 (2023) 115664

Zhang, X., Zhu, K., Du, Y., Zhang, F., Zhang, W., Ren, X., Jiang, B., Huang, D., 2016.
Geochemical characteristics and metal element enrichment in crusts from seamounts
of the Western Pacific. Front. Earth Sci. 10, 171-182.

Zhuang, W., Ying, S.C., Frie, A.L., Wang, Q., Song, J., Liu, Y., Chen, Q., Lai, X., 2019.
Distribution, pollution status, and source apportionment of trace metals in lake
sediments under the influence of the South-to-North Water Transfer Project, China.
Sci. Total Environ. 671, 108-118.


http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0260
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0260
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0260
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0260
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0265
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0265
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0270
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0270
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0270
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0275
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0275
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0275
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0280
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0280
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0280
http://refhub.elsevier.com/S0025-326X(23)01099-8/rf0280

	Distribution patterns of six metals and their influencing factors in M4 seamount seawater of the Western Pacific
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Appendix A Supplementary data
	References


