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Mercury distribution and
transfer in mangrove forests
in urban areas under
simulated rising sea levels
Xilin You1,2, Lumin Sun1*, Xiaozheng Chen1,2, Yiting Li2,
Jue Zheng1,2, Dongxing Yuan2, Junjie Wu1,2 and Shiyu Sun1

1Key Laboratory of Estuarine Ecological Security and Environmental Health, Education Department of
Fujian, Tan Kah Kee College, Xiamen University, Zhangzhou, China, 2State Key Laboratory of Marine
Environmental Science, Xiamen University, Xiamen, China
This study assesses the impact of simulated sea level rise (SLR) on mercury

distribution and migration in an urban mangrove wetland on the northern coast

of Maluan Bay, Xiamen City, Fujian Province, China. Two adjacent Kandelia

obovata mangrove plots with elevations representing current sea level and a

40-cm SLR were examined. Total mercury (THg), methylmercury (MeHg), and

mercury isotopes in sediments from different elevations were analyzed to reveal

the geochemical behavior of mercury under a simulated 100-year SLR scenario.

THg and MeHg distribution in sediments mirrored patterns of biogenic elements

(carbon, nitrogen, and phosphorus), suggesting adsorption onto organic matter

as the primary entry mechanism. Low-elevation plots showed significantly higher

concentrations of THg, MeHg, total organic carbon (TOC), total nitrogen (TN),

and total phosphorus (TP) compared to high-elevation plots. Mercury isotope

characteristics indicated that the primary mercury source was anthropogenic

emissions from surrounding lands, entering the wetland from both landward and

seaward directions. The study highlights the crucial role of mangrove wetlands in

mercury pollution control and nutrient cycling under SLR conditions. Results

suggest that SLR enhances the retention capacity of mangrove wetlands for THg,

MeHg, and nutrients. This research provides a scientific basis for mangrove

conservation and restoration, offering new insights into the geochemical

behavior of mercury in vegetated intertidal ecosystems in the context of

climate change.
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1 Introduction

Mercury (Hg), one of the most toxic heavy metals occurring

naturally, considerably threatens environmental health. In recent

years, its high toxicity and global distribution have received

increased attention (Amos et al., 2013; Beckers and Rinklebe,

2017; Al Sulaiti et al., 2022). Although Hg emissions may be

limited to specific areas, long-distance transportation results in

contamination even in remote locations (Gonzalez Raymat et al.,

2017; Dastoor et al., 2022). Upon entering an ecosystem, inorganic

Hg (II) undergoes a biomethylation facilitated by microorganisms

in soil and water, resulting in the formation of the toxic

methylmercury (MeHg) (Ma et al., 2019; Regnell and Watras,

2019 ; Feng e t a l . , 2022) . Via b ioaccumula t ion and

biomagnification, MeHg seriously threatens human health and

the ecosystem (Liu et al., 2019; Tang et al., 2020; Ye et al., 2021).

Wetlands are particularly sensitive to Hg contamination

(Poulin et al., 2019; Neal Walthall et al., 2022). The input-output

mass balances of Hg in wetlands are complex (Zillioux et al., 1993;

Fitzgerald et al., 2007). On the one hand, the abundant organic

matter in wetlands can absorb Hg from runoff, making it an

important natural Hg sink (Thompson Roberts and Pick, 2000;

Poulin et al., 2019). On the other hand, the output of Hg into

wetlands can be enhanced by various environmental factors

(Bergamaschi et al., 2012a; de Lacerda et al., 2020; Selvendiran

et al., 2008). Moreover, wetlands can act as both sources and sinks

of MeHg (Tjerngren et al., 2012; Johnson et al., 2016). The evapor-

transpiration of terrestrial vegetation can affect the Hg flux between

surface soils and the atmosphere (Poulain et al., 2007; Ariya et al.,

2015), and Hg in the atmosphere is deposited onto leaf surfaces and

enters the leaf tissues through foliar stomata during gas exchange

(Luo et al., 2016; Wang et al., 2022), reaching the soil via litterfall

(Teixeira et al., 2017, 2018; Wang et al., 2021). Furthermore,

vegetation can effectively limit Hg exchange between land and the

atmosphere by directly absorbing Hg released from the land surface

into the atmosphere, and by impeding the upward diffusion of

atmospheric Hg, thereby increasing the deposition rate of Hg from

the atmosphere (Obrist et al., 2012). Therefore, vegetation growth

and coverage are important factors affecting the accumulation and

transformation of Hg in wetlands (Ye et al., 2020).

Mangroves are typical warm-temperate intertidal wetland

systems with high primary productivity (Kristensen et al., 2008).

Because of their location, mangrove forests function as a key

intermediary area for Hg translocation among marine, freshwater,

and terrestrial environments and have a great Hg accumulation

potential (Castro et al., 2021). In mangrove wetlands, Hg is

predominantly stored in sediment in the forms of dissolved

organic Hg and particulate Hg, and it exhibits a certain degree of

mobility (Lei et al., 2019; de Lacerda et al., 2020). Mercury present

in sediments has the potential to be re-introduced into nearby

bodies of water or the atmosphere through tidal action

(Bergamaschi et al., 2012b), volatilization, and uptake by plant

roots, as demonstrated by studies conducted in tidal environments

such as Lagoon (Bouchet et al., 2011) and sawgrass wetlands (Meng
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et al., 2018). Research has shown that substantial amounts of

dissolved organic Hg in mangroves can be released into the water

during dry periods, while particulate Hg is primarily transported to

the nearshore marine environment during periods of heavy rainfall

(de Lacerda et al., 2022). Abundant sulfate and organic matter levels

and active microbial communities make mangrove sediments an

excellent platform for the microbially mediated methylation of

inorganic Hg (Correia and Guimaraes, 2017; Duan et al., 2021).

With accelerated urbanization and industrialization, mangrove

wetlands surrounding coastal cities are at increased risk of Hg

contamination. Consequently, the migratory behavior of Hg in

mangrove wetlands adjacent to densely populated regions is

anticipated to become more pronounced (Bergamaschi et al.,

2012b; Duan et al., 2021).

Mercury isotopic compositions have been widely used as valuable

tracers and indicators in the determination of Hg origin, transfer, and

destination in various environmental systems since the application of

the multi-collector inductively coupled plasma mass spectrometer

(MC-ICP-MS) (Bergquist and Blum, 2007; Yin et al., 2014). Because

Hg from different sources can be characterized by mass-dependent

fractionation (MDF) and mass-independent fractionation (MIF), the

use of a two-dimensional system of isotopic signatures to examine the

biogeochemical process of Hg in mangrove wetlands is justified (Sun

et al., 2017). Although studies in this field are scarce, river runoff,

surrounding seawater, and atmospheric deposition are the main

external Hg sources of mangrove forests, and the Hg from seawater

accounts for approximately 40% (Araujo et al., 2017; Huang et al.,

2020). Most Hg is subjected to photo reduction before entering the

wetlands (Huang et al., 2022). More than half of the Hg in plant roots

is derived from sediments, and nearly 90% if the Hg in leaf tissues

originates from the atmosphere (Sun et al., 2017). The reduction of Hg

(II) by natural organic matter has been observed in mangrove tissues

(Huang et al., 2022), and tidal activity can also affect biochemical Hg

transformation in mangrove wetlands (Huang et al., 2020).

Sea level rise (SLR) is one of the critical negative consequences

of global warming (Dutton et al., 2015). As typical intertidal

wetlands, mangrove ecosystems are considerably subjected to

submergence (Saintilan et al., 2020). Recently, several studies

showed that SLR caused different degrees of changes in the

functions and structures of mangrove ecosystems, such as

physiological tolerance, seedling biomass, species composition,

biomass accumulation, and organic carbon stocks (Woodroffe,

1995; Lovelock and Ellison, 2007; Albert et al., 2017; Chen et al.,

2020). Similarly, Hg distribution and migration in mangrove

wetlands could be affected by SLR. However, the relevant features

and processes are still not well known. In the present study, the

levels of total Hg, methylmercury, and Hg stable isotopes in the

sediments from two connected Kandelia obovata mangrove forests

under different intertidal elevations were determined. The aims of

this work were to define the variation of Hg storage in the sediments

under different simulated sea levels and to clarify the effects of SLR

on Hg migration in mangrove wetlands. The results provide a

scientific basis for the assessment of the geochemical behavior of Hg

in vegetated intertidal ecosystems in the context of global warming.
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2 Materials and methods

2.1 Field site

The targeted mangrove forest (118.0344°E, 24.5526°N) is

situated along the northern coastline of Maluan Bay in Xiamen,

Fujian, China (Figure 1). This area experiences a subtropical

monsoon climate, with an annual air temperature ranging from

3.8°C to 36.1°C, approximately 2,270 hours of sunshine, and over

1,000 mm of precipitation annually. The seawater salinity in this

location ranges from 26 to 30 psu, with a tidal range of 4 m for the

local semidiurnal tide (Chen et al., 2020). Furthermore, there are

multiple mangrove forests located within a 30-km radius of

this region.

The study site, originally abandoned crab ponds, was subjected to

mangrove restoration in 2004. For this purpose, soil and sediment

from the ponds were used to facilitate the growth of mangroves, with

Kandelia obovata and Avicennia marina species being planted in the

same year. By 2014, Kandelia obovata had emerged as the

predominant species in the area (Chen et al., 2020, 2022). The

sampling area consisted of two adjacent woodlands (sites SLR 40

cm and SLR 0 cm) with varying elevations, namely 375 and 415 cm,

respectively, compared to the local mean sea level of 365 cm. And the

mean inundation times were 8 h/d and 6 h/d (i.e., 5 h, 4 h and 3 h per

tide) at Sites SLR 40 cm and SLR 0 cm, respectively (Chen and Ye,

2014). Based on the findings of Chen et al. (2022) indicating an

average sea level rise rate of 3.3 mm per year in China between 1980

and 2018, a vertical difference of 40 cm between the two locations was

employed to model the anticipated SLR of approximately 100 years

for mangrove forests within the same vicinity and adjacent areas.
2.2 Sample collection and preparation

In April 2018, six sediment core samples were collected during

low tide from S1 to S6, respectively (Figure 1). Each core sample was
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then sliced into 5 subsections at 8-cm intervals. The samples were

placed in polyethylene Ziplock bags, stored in an icebox, and

transported to the laboratory (Duan et al., 2021; Sun et al., 2017).

Upon arrival, the sediment samples were individually lyophilized,

ground with an agate mortar, sieved with a 200-mesh nylon screen,

packaged in double plastic Ziplock bags, and preserved at -4°C for

subsequent analysis (Huang et al., 2020).
2.3 Total mercury (THg) and MeHg analysis

For the analysis of THg, the sediment samples were digested in a

mixed acid solution of nitric acid and sulfuric acid at a ratio of 7:3

(v/v) overnight at 70°C. Following digestion, the solution was

diluted and treated with bromine chloride before analysis. The Hg

in the sample solution was then sequentially reduced using

hydroxylamine hydrochloride and tin chloride solutions, purged

with Hg-free argon gas, and concentrated in gold traps. The trapped

Hg was thermally released using a dual-trap amalgamation system

and carried by Hg-free argon gas into a cold vapor atomic

fluorescence spectrometer (AF-610D, Beijing Ruili, China) for

quantification (USEPA, 2002).

In the analysis of MeHg, each powder sample underwent initial

extraction with a 25% KCl-methanol solution at 60°C for 5 hours.

The resulting extraction solution was then distilled, and the

distillates were collected in a PFA (polyfluoroalkoxy) receiver in

an ice bath, using ultra-pure water. These distillates were

subsequently transferred to a PFA sampling bottle and ethylated

with NaBEt4. Finally, the ethylated Hg species were analyzed using

an automated alkyl Hg analytical system (MERXTM, Brooks Rand

Labs, USA) as described in previous studies (Duan et al., 2021;

USEPA, 2001).

Standard solutions (10 ng·L-1 THg, diluted from the original

standard solution of NIST 3133) and two certified reference

materials for sediment (GBW08308 for THg and ERM-CC580 for

MeHg) were subjected to analysis alongside the samples for quality
FIGURE 1

Location of the study area and sampling sites.
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control. The standard solution exhibited a value of 9.7 ± 0.8 ng·L-1

(n = 3, 1SD), and the measured THg value of GBW08308 and the

MeHg value of ERM-CC580 were 465 ± 18 ng·g-1 THg (n = 3, 1SD)

and 69.85 ± 6.13 ng·g-1 MeHg (n = 3, 1SD), respectively. These

values closely approximated the certified reference values of 480 ±

30 ng·g-1 THg (recovery of 94% to 104%) and 75 ± 4 ng·g-1 MeHg

(recovery of 84% to 103%), respectively. The correlation coefficients

(R2) for the fit of the calibration curves were > 0.997 and > 0.993 for

THg and MeHg, respectively, meeting the requirements of

this study.
2.4 Mercury isotopic composition analysis

The isotopic compositions of Hg were analyzed using a multi-

collector inductively coupled plasma mass spectrometer (Nu

Instruments Ltd. UK) equipped with a DSN-100 desolvating

nebulizer (Nu Instruments, Wrexham, U.K.) and an in-house

cold vapor generation device (Lin et al., 2015). The analytical

procedure for Hg isotopes was developed in the laboratory

following established methodologies (Bergquist and Blum, 2007;

Lin et al., 2015). Thallium standards (NIST SRM 997) and a Hg

sample-standard (NIST SRM 3133) were used as internal and

bracketing standards, respectively.

Reference materials NIST SRM 8610 and DORM-4 were used

for quality control purposes. To achieve analytical concentrations

exceeding 1 ng·mL-1, the Hg in selected samples required

concentration via a purged-trap method prior to analysis (Sun

et al., 2017) (See details in Supplementary Material). The measured

values for d202Hg and D199Hg were -0.58 ± 0.13‰ and 0.03 ±

0.04‰ for NIST SRM 8610 (2 SD, n = 12) and 0.42 ± 0.03‰ and

1.76 ± 0.11‰ for DORM-4 (2 SD, n = 2), respectively, aligning with

the findings of previous studies (Bergquist and Blum, 2007; Huang

et al., 2020; Sun et al., 2017). All vessels used in this study were

constructed from borosilicate glass or PTFE, and the cleaning

procedure adhered to USEPA method 1631, Revision E.
2.5 Biogenic elemental analysis

In the sediment, total nitrogen (TN) was quantified using an

elemental analyzer (Vario EL Cube, Elementar, Germany), and total

phosphorus (TP) was assessed through ammonium molybdate

colorimetry following sample digestion with alkaline potassium

persulfate (Zhao et al., 2022). The total organic carbon (TOC)

content in the sediment samples was determined using a total

organic carbon analyzer (TOC-LCPH, Shimadu, Japan). The

geographical coordinates of the sampling sites were obtained in

the field using a satellite differential real-time kinematic system

(RTK-G10A, UniStrong, China).
2.6 Statistical analysis

Normal distribution testing was performed to analyze all data,

and the results are presented as means ± standard deviation (SD).
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The Pearson test and the Wilcoxon signed-rank test were employed

to evaluate the correlation and significance of differences among

various parameters at different elevations. Furthermore, bivariate

and multiple linear regressions were performed using the SPSS 22.0

statistics package (SPSS Inc. USA).
3 Results

3.1 Spatial characteristics of
biogenic elements

The graphs presented in Figure 2 and Supplementary Figure S1

illustrate the recorded levels of TOC, TN, and TP in the collected

samples. The TOC content ranged from 1.16% to 2.26%, with an

average of 1.50 ± 0.32% (n = 30, 1SD). Additionally, the

concentrations of TOC were lower at the seaward (mean 1.42 ±

0.22% for S3 & S6, n = 10, 1SD) compared to the landward (mean

1.64 ± 0.34% for S1 & S4, n = 10, 1SD, p < 0.05). Furthermore, a

vertical analysis revealed a decrease in the TOC content from the

superficial layer (mean 1.73 ± 0.22 for depth of 0–8 cm and 1.85 ±

0.27 for depth of 8–16 cm, 1 SD) to the deep layer mean (1.37 ± 0.19

for depth of 24–32 cm and 1.28 ± 0.06 for depth of 32–40 cm, n = 6,

1 SD) (p < 0.05). There is no significant difference in the profile

distribution of TOC in sediment between the SLR 40 cm site and the

SLR 0 cm site.

The total nitrogen content in sediments ranged from 0.49 to

1.39 g·kg-1, with a mean value of 0.88 ± 0.25% (n = 30, 1SD). A

gradual decrease in total nitrogen was observed from the landward

side (mean 0.97 ± 0.27 g·kg-1, for sampling sites S1 & S4) to the

seaward side (0.82 ± 0.24 g·kg-1, for sampling sites S3 & S6) (p ≤

0.05). Furthermore, the surface layer (1.00 ± 0.24 for a depth of 0–8

cm, n = 6, 1SD) exhibited higher total nitrogen levels compared to

the deep layers (0.76 ± 0.15 for a depth of 10–20 cm and 0.78 ± 0.16

for a depth of 32–40 cm, n = 6, 1SD) (p < 0.05). Additionally, the

total nitrogen profile distribution at the SLR 40 cm site was

significantly greater than that at the SLR 0 cm site (p < 0.05).

The concentrations of TP in sediment samples varied from 0.16

to 0.41 g·kg-1, with an average of 0.25 ± 0.07% (n = 30, 1 SD),

indicating statistically significant differences in horizontal

distribution (p ≤ 0.05). Specifically, the landward side (0.19 ± 0.03

g·kg-1, for S1 & S4, n = 10, 1SD) exhibited a lower TP content than

the seaward side (0.27 ± 0.07 g·kg-1, for S3 & S6, n = 10, 1SD).

However, no significant difference in the TP content was observed

across different depths in the vertical profile. Furthermore, similar

to the total nitrogen (TN) levels, the TP content at the SLR 40 cm

site was significantly higher than that at the SLR 0 cm site (p < 0.05).

The C/N ratio serves as a crucial indicator of the origin of

organic materials and, subsequently, for the allocation of sediment

sources. In this study, the C/N ratios ranged from 11.81 to 27.79,

with a mean value of 17.75 ± 3.94 (n = 30, 1SD). The C/N values of

SLR 40 cm site (mean value of 16.61 ± 0.46, n=15, 1SD) were

significantly lower than those of SLR 0 cm site (mean value of 18.76

± 1.22, n=15, 1SD) (p < 0.05). However, no significant differences

were found in the vertical and horizontal distribution of C/N values

among the sampling sites.
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3.2 Mercury concentrations and
isotopic ratios

Data on the concentrations of THg and MeHg as well as the

isotopic mercury compositions are presented in Table 1 and

Supplementary Figure S2. On average, the THg concentrations
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were 42.4 ± 28.1 ng·g-1 (n = 30, 1SD), with a range from 19.5 to

134.5 ng·g-1. As shown in Figure 3A, the THg levels were notably

elevated on both the landward side (54.6 ± 34.0 ng·g-1, for S1 & S4, n

= 10, 1SD) and the seaward side (38.3 ± 15.8 ng·g-1, for S3 & S6, n =

10, 1SD) compared to the middle zone (34.3 ± 9.3 ng·g-1, for S2 &

S5, n = 10, 1SD) (p < 0.05). Vertical distribution patterns revealed a
FIGURE 2

Distribution of total organic carbon (TOC), total nitrogen (TN) content and total phosphorus (TP) in sediments of planted K. obovata forests. Different
lowercase letters denote statistically significant differences between groups (p<0.05).
TABLE 1 Summary of measured mercury results of the sediment samples from Zengying mangrove wetland (n=30, 1SD).

Sample
site

Depth (cm) THg (ng·g−1)
MeHg
(ng·g−1)

d202Hg (‰) D199Hg (‰) D200Hg (‰) D201Hg (‰)

S1 8 57.4 ± 1.4 0.22 ± 0.04 −1.35 ± 0.06 −0.14 ± 0.01 0.00 ± 0.01 −0.17 ± 0.03

16 134.5 ± 16.1 0.25 ± 0.01 −0.22 ± 0.06 −0.08 ± 0.01 0.00 ± 0.01 −0.07 ± 0.03

24 40.6 ± 1.9 0.25 ± 0.03 −1.90 ± 0.06 −0.16 ± 0.01 −0.01 ± 0.01 −0.17 ± 0.03

32 48.3 ± 2.8 0.13 ± 0.01 −1.44 ± 0.06 −0.12 ± 0.01 0.01 ± 0.01 −0.14 ± 0.03

40 35.5 ± 2.2 0.17 ± 0.01 −1.31 ± 0.06 −0.14 ± 0.01 −0.01 ± 0.01 −0.17 ± 0.03

S2 8 45.2 ± 5.0 0.16 ± 0.01 −1.41 ± 0.06 −0.13 ± 0.01 0.02 ± 0.01 −0.17 ± 0.03

16 44.4 ± 3.2 0.05 ± 0.01 −1.28 ± 0.06 −0.16 ± 0.01 −0.01 ± 0.01 −0.15 ± 0.03

24 23.8 ± 2.4 0.10 ± 0.01 −1.35 ± 0.06 −0.15 ± 0.01 0.01 ± 0.01 −0.16 ± 0.03

32 38.0 ± 2.7 0.24 ± 0.01 −1.14 ± 0.06 −0.16 ± 0.01 −0.01 ± 0.01 −0.18 ± 0.03

40 27.7 ± 1.5 0.12 ± 0.02 −1.02 ± 0.06 −0.12 ± 0.01 0.01 ± 0.01 −0.15 ± 0.03

S3 8 50.7 ± 2.2 0.11 ± 0.01 −1.58 ± 0.06 −0.16 ± 0.01 −0.01 ± 0.01 −0.15 ± 0.03

16 54.4 ± 1.5 0.30 ± 0.02 −1.65 ± 0.06 −0.15 ± 0.01 0.00 ± 0.01 −0.18 ± 0.03

(Continued)
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higher THg content in the upper and middle sediment layers (mean

50.9 ± 13.7 ng·g-1 for a depth of 0–8 cm and 68.9 ± 40.4 ng·g-1 for a

depth of 8–16 cm, n = 6, 1SD) compared to the lower layer (mean

36.1 ± 6.5 ng·g-1 for a depth of 24–32 cm and 27.9 ± 6.0 ng·g-1 for a

depth of 32–40 cm, n = 6, 1SD) (p < 0.05). Furthermore, the SRL 40

cm site exhibited a significantly higher overall THg content

compared to the SRL 0 cm site (p < 0.05).

The mean concentration of MeHg was 0.14 ± 0.07 ng·g-1 (n =

30, 1SD), ranging from 0.02 to 0.30 ng·g-1. A significant positive
Frontiers in Marine Science 06
correlation was observed between MeHg and THg (Pearson’s r =

0.5872, p < 0.01). However, there was no significant difference in the

MeHg content between sediments from the landward side (0.16 ±

0.06 ng·g-1, for S1 & S4, n = 10, 1SD) and the seaward side (0.14 ±

0.07 ng·g-1, for S3 & S6, n = 10, 1SD) as well as between shallow

surface sediments (mean 0.15 ± 0.07 ng·g-1 for a depth of 0–8 cm

and 0.18 ± 0.09 ng·g-1 for a depth of 8–16 cm, n = 6, 1SD) and

deeper sediments (mean 0.16 ± 0.04 ng·g-1 for a depth of 15–20 cm

and 0.12 ± 0.04 ng·g-1 for a depth of 32–40 cm, n = 6, 1SD).
TABLE 1 Continued

Sample
site

Depth (cm) THg (ng·g−1)
MeHg
(ng·g−1)

d202Hg (‰) D199Hg (‰) D200Hg (‰) D201Hg (‰)

24 21.2 ± 0.8 0.10 ± 0.01 −1.37 ± 0.06 −0.11 ± 0.01 0.02 ± 0.01 −0.15 ± 0.03

32 31.6 ± 2.2 0.13 ± 0.01 −1.37 ± 0.06 −0.10 ± 0.01 0.01 ± 0.01 −0.15 ± 0.03

40 29.4 ± 2.1 0.08 ± 0.01 −1.51 ± 0.06 −0.14 ± 0.01 0.02 ± 0.01 −0.17 ± 0.03

S4 8 37.5 ± 1.8 0.06 ± 0.01 −1.45 ± 0.06 −0.09 ± 0.01 0.02 ± 0.01 −0.13 ± 0.03

16 102.3 ± 7.9 0.20 ± 0.01 −0.53 ± 0.06 −0.06 ± 0.01 0.01 ± 0.01 −0.04 ± 0.03

24 37.0 ± 1.4 0.10 ± 0.01 −1.51 ± 0.06 −0.19 ± 0.01 0.00 ± 0.01 −0.19 ± 0.03

32 33.1 ± 2.7 0.15 ± 0.00 −0.90 ± 0.06 −0.15 ± 0.01 0.00 ± 0.01 −0.17 ± 0.03

40 19.5 ± 0.8 0.10 ± 0.00 −1.35 ± 0.06 −0.14 ± 0.01 0.02 ± 0.01 −0.18 ± 0.03

S5 8 39.8 ± 2.8 0.09 ± 0.01 −1.31 ± 0.06 −0.12 ± 0.01 −0.01 ± 0.01 −0.15 ± 0.03

16 48.0 ± 3.4 0.17 ± 0.02 −1.15 ± 0.06 −0.16 ± 0.01 −0.01 ± 0.01 −0.14 ± 0.03

24 23.7 ± 3.6 0.02 ± 0.00 −1.25 ± 0.06 −0.11 ± 0.01 −0.01 ± 0.01 −0.16 ± 0.03

32 30.4 ± 2.6 0.18 ± 0.01 −1.26 ± 0.06 −0.13 ± 0.01 0.02 ± 0.01 −0.14 ± 0.03

40 22.5 ± 2.7 0.08 ± 0.00 −0.96 ± 0.06 −0.12 ± 0.01 0.01 ± 0.01 −0.16 ± 0.03

S6 8 74.7 ± 3.9 0.24 ± 0.04 −1.66 ± 0.06 −0.15 ± 0.01 0.00 ± 0.01 −0.16 ± 0.03

16 30.3 ± 4.3 0.10 ± 0.00 −1.50 ± 0.06 −0.17 ± 0.01 0.01 ± 0.01 −0.21 ± 0.03

24 22.5 ± 0.6 0.05 ± 0.01 −1.36 ± 0.06 −0.13 ± 0.01 0.00 ± 0.01 −0.12 ± 0.03

32 35.5 ± 4.4 0.13 ± 0.03 −1.50 ± 0.06 −0.14 ± 0.01 0.02 ± 0.01 −0.16 ± 0.03

40 32.6 ± 1.7 0.15 ± 0.03 −1.19 ± 0.06 −0.14 ± 0.01 −0.01 ± 0.01 −0.14 ± 0.03
BA

FIGURE 3

Mercury distribution in sediments of planted K. obovata forests. (A) Distribution of total mercury (THg); (B) Distribution of methyl mercury (MeHg).
Different lowercase letters denote statistically significant differences between groups (p<0.05).
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Conversely, the MeHg content in the SLR 40 cm site (0.16 ± 0.03

ng·g-1) was significantly higher than that in the SLR 0 cm site (0.12

± 0.03 ng·g-1) (p < 0.05), consistent with the pattern observed for

THg (Figure 3B).

The MeHg/THg ratio, a metric used to assess the methylation

potential of Hg in sediment samples (Yu et al., 2021), ranged from

0.11% to 0.63%, with a mean value of 0.36 ± 0.15% (n = 30, 1SD).

Notably, the MeHg/THg ratio in surface sediments (mean 0.28 ±

0.09% at a depth of 0–8 cm) was significantly lower than that in

deeper sediments (mean 0.42 ± 0.09% at a depth of 32–40 cm) (p <

0.05). However, there were no significant differences in the

horizontal distribution of the MeHg/THg ratio in sediments or

among sites with different elevations.

The isotopic mean values of d202Hg, D199Hg, D200Hg, and D201Hg

were -1.29 ± 0.38‰, -0.13 ± 0.03‰, 0.00 ± 0.01‰, and -0.15 ±

0.04‰ (n = 30), respectively, with corresponding ranges of -1.90 to

-0.22‰, -0.19 to -0.06‰, -0.01 to 0.02‰, and -0.21 to -0.04‰. There

were no significant differences in the MDF or MIF of Hg between

horizontal and vertical distributions. However, a significant difference

was observed in the D201Hg values between the two sites at varying

elevations, with the SLR 40 cm site displaying lower D201Hg values

compared to the SLR 0 cm site (p < 0.05).

Pearson’s correlation analysis (Supplementary Table S1)

showed that d202Hg was significantly correlated with THg (r =

0.532), D199Hg (r = 0.585), and D201Hg (r = 0.704), D199Hg was

significantly correlated with THg (r = 0.386) and D201Hg (r = 0.741),

and D201Hg was also significantly correlated with THg (r = 0.672).
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4 Discussion

4.1 Mercury distribution

The THg concentrations in the collected sediments were lower

than those observed for mangrove sediments heavily impacted by

industrial emissions (typically exceeding 100 ng·g-1) (Chai et al.,

2020) but comparable to the background values (55 ng·g-1) of

mangrove sediments in adjacent regions (Cai et al., 2019) and

pristine sites with minimal human activity (mean values ranging

from 30.3 to 86 ng·g-1, Table 2). Similarly, the concentrations of

MeHg in the sediment samples from the study area were low

compared to previous findings (Table 2). Under natural

conditions, most mangrove sediments show increasing THg levels

with increasing depth, which can be attributed to the historical

presence of significant Hg pollution in locations such as the Futian

Bay of Shenzhen, Guangdong Province, China (Li et al., 2016), the

Catuama Estuary in Northeast Brazil (Vilhena et al., 2013), the

Cochin Estuary in Southwest India (Passos et al., 2022), and the

Cubatao Estuary in Southeast Brazil (Castro et al., 2021).

Additionally, light and temperature regimes can influence the

release of Hg from the surface of intertidal zones into the

atmosphere, whereas tidal action can result in the erosion of

surface sediments in the intertidal zone, leading to lower THg

concentrations compared to those of the deeper sediment layers

(Huang et al., 2022). The study area has been artificially created

through the deposition of marine sediments during a short period
TABLE 2 Comparison of THg and MeHg contents in mangrove sediments between this study and recent reports.

Location Country Year
Vegetation

type
THg

(ng·g−1)
MeHg
(ng·g−1)

Depth
(cm)

References

Zengying,
Fujian province

China 2018 planted forest 42.4 ± 24.3 0.14 ± 0.07 0−40 This study

Zini,
Fujian province

China

2018

natural forest

86 ± 24

0−50 Huang et al., 2020
Shatian,

Guangxi province
2017 43 ± 27

Mawei,
Guangxi province

China 2017 natural forest 141 ± 68 0−25 Huang et al., 2022

Dafeng,
Guangxi province

China 2017 natural forest

65.4 ± 3.8 0.12 ± 0.01

0−20 Duan et al., 2021

Jinhai,
Guangxi province

54.4 ± 2.5 0.17 ± 0.01

Dongzhai,
Hainan province

159 ± 9.1 0.46 ± 0.03

Xinying,
Hainan province

86.1 ± 3.9 0.26 ± 0.02

Yunxiao,
Fujian province

64.9 ± 3.3 0.18 ± 0.02

117 ± 7.1 0.37 ± 0.03

(Continued)
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rather than through natural sedimentation processes. As a result,

the distribution of elemental compounds at various depths within

the study site is relatively homogeneous (Chen et al., 2020).

Supplementary Figure S2 illustrates a decreasing trend in the THg

content in the sediments with increasing depth, suggesting that

surface sediments receive external Hg inputs compared to the less

disturbed lower sediment layers. The elevated levels of THg in the

landward and seaward sediments, compared to those in the middle

zone, may be attributed to both external inputs of Hg from

terrestrial and marine sources, as well as differences in

microtopography and associated chemical processes during

sedimentation. In the estuarine environment, organic matter,

especially dissolved organic matter (DOM) represented by humic

substances, can effectively bind with Hg, and the binding capacity is

influenced by environmental factors such as salinity (Cavalcante

et al., 2024). In this study, there was a strong positive correlation

between the THg concentration in sediments and the TOC content

(r = 0.711, p < 0.01), indicating that organic matter has a promoting

effect on the enrichment of Hg.

Sediments play a crucial role as both a source and sink of MeHg,

with local in-situ Hg methylation and external inputs serving as the

primary contributors to MeHg levels (Mao et al., 2020). The unique

characteristics of the mangrove ecosystem, including a high organic

matter content, a low pH, anoxic conditions, and the presence of

sulfate/sulfate-reducing bacteria, create an optimal environment for

Hg methylation (Al Sulaiti et al., 2022). Whilst a strong positive

correlation between MeHg and THg concentrations suggests that

in-situ methylation is the predominant source of MeHg in the

sediments of the study site, the low MeHg content showed no clear

spatial distribution pattern.
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The MeHg/THg ratio (0.36 ± 0.15%) falls within the lower

range of the 0.1%–7% reported for coastal and marine sediments

(Lei et al., 2019), aligning with the approximately 0.3% ratio

observed in sediment samples collected from mangrove wetlands

along the southeastern coast of China in 2017 (Duan et al., 2021).

These results imply that the level of Hg methylation in the

sediments of the study site is inadequate. Moreover, the absence

of a significant correlation between the MeHg/THg ratio and the

THg levels suggests that factors other than the concentration of

THg, such as microorganisms and soil physicochemical properties,

primarily influence the methylation process in the study area (Duan

et al., 2021; Lei et al., 2019).

Sulfide-rich sediments have enhanced mercury methylation

capabilities in comparison to other environments (Mikac et al.,

1985). Furthermore, organic matter has been identified as a

significant factor in microbially mediated Hg methylation in

anoxic sediments (Navya et al., 2015). There is a strong

association between the formation of MeHg and the presence of

organic matter (Moreau et al., 2015), which may be attributed to the

stimulating impact of organic matter on bacterial growth (da Silva

et al., 2008). In environments abundant in organic matter, such as

mangrove forests, the presence of sulfate-reducing bacteria and

their associated biota can expedite Hg methylation (Guimaraes

et al., 2000). The prolonged interaction between Hg and organic

material results in an increased production of MeHg (De Pontes

et al., 2023). Nevertheless, the levels of MeHg observed in the

sampled sites showed no notable association with TOC. This

discrepancy may be attributed to the diminished microbial

activity in the artificially filled sampling sites compared to that in

natural sediments (Lei et al., 2019).
TABLE 2 Continued

Location Country Year
Vegetation

type
THg

(ng·g−1)
MeHg
(ng·g−1)

Depth
(cm)

References

Futian,
Guangdong
province

Baguang,
Guangdong
province

China 2016 natural forest

80.91

0−5 Chai et al., 2020
Shajing,

Guangdong
province

414.50

Xixiang,
Guangdong
province

272.30

Setiu,
Terengganu

Malaysia 2017 natural forest 75.0 ± 6.9 0−2 Siau et al., 2021

Sundarban,
Bangladesh

India 2015 natural forest 30.3 ± 8.3 0–5 Islam et al., 2017

Cubatao, São
Paulo State

Brazil 2005 natural forest 128–2540 0−240 Castro et al., 2021

Campos Basin,
Rio de

Janeiro State
Brazil 2014 natural forest 82.5 ± 49.4 0.79 ± 0.52 0−2 Araujo et al., 2017
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4.2 Mercury transfer

Mercury isotopes are subjected to both MIF and MDF processes,

each associated with specific transformation mechanisms. Of these,

MIF is predominantly linked to photochemical reactions, whereas

MDF can occur in any physicochemical process, including but not

limited to biotic and dark redox transformations, even in sample

preparation and isotope analysis (Bergquist and Blum, 2007). Notably,

the distinct Hg isotopic signatures resulting from these processes can

be applied to identify the sources of Hg deposition in sedimentary

environments. Atmospheric Hg and terrestrial runoff display distinct

MIF and MDF characteristics (Thibodeau and Bergquist, 2017).

Sediments primarily impacted by atmospheric Hg(II) deposition

generally exhibit elevated D199Hg values (Gehrke et al., 2007),

whereas those influenced by terrestrial sources tend to display

slightly lower D199Hg values and markedly more negative d202Hg
signatures relative to atmospheric Hg0 (Zhou et al., 2023).

The MDF in sediment vary as a result of alterations in Hg input

sources or the introduction of novel fractionation mechanisms

(Kurz et al., 2019), leading to an escalation in MDF levels

attributed to anthropogenic influences (Yin et al., 2018). In

pristine environments, where natural conditions remain largely

intact, the d202Hg values in soil or sediment are typically lower

(Wang et al., 2017; Liu et al., 2023). Conversely, regions close to

urban and industrial emission sources demonstrate elevated d202Hg

values in sedimentary Hg, indicative of a slightly negative trend

(Estrade et al., 2011; Huang et al., 2020). Furthermore, samples
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significantly contaminated by direct anthropogenic Hg emissions

exhibit D199Hg values approaching zero (Bergquist and Blum,

2007). The sedimentary MDF and MIF values at the study site

were negative. While the overall levels of THg in the sediments at

the study sites are relatively low, there is a significant positive

correlation between d202Hg and D199Hg values and THg

concentration. This indicates that the rise in THg levels may be

attributed to potential Hg sources stemming from nearby human

activities. Table 3 demonstrates that the d202Hg and D199Hg values

closely resemble the monitoring data from a mangrove wetland in

an urban coastal area affected by industrial pollution (Blum et al.,

2014; Huang et al., 2022). This indicates that the presence of Hg in

the mangrove sediments is primarily attributed to the terrestrial

input of anthropogenic Hg emissions, as opposed to atmospheric

sources. Additionally, the MDF and MIF values in the sediments

showed no statistically significant differences in either horizontal

distribution from landward to seaward or vertical distribution from

surface to deep layers, suggesting a similar pattern of Hg sources

among the sampled sites. This also indicates that the spatial

differences in the distribution of THg in the sediments are not

related to the sources and biogeochemical processes of Hg but are

more likely due to differences in microtopography or the

geochemical deposition processes of Hg.

The ratios of D199Hg/D201Hg and D199Hg/d202Hg are important

indicators of the transfer and alteration Hg within the environment

(Blum et al., 2014). For example, the D199Hg/D201Hg ratios of 1.36 ±

0.04 and 1.00 ± 0.01 correspond to the photodegradation and
TABLE 3 Comparison of mercury isotopic compositions in wetland sediments between this study and recent reports.

Location Sample type
d202Hg
(‰)

D199Hg
(‰)

D200Hg
(‰)

D201Hg
(‰)

References

Zengying, Fujian, China

Mangrove
wetland

−1.29 ± 0.33 −0.14 ± 0.03 0.00 ± 0.01 −0.15 ± 0.03

This study

(Depth of 0
−8 cm)

−1.46 ± 0.14 −0.13 ± 0.02 0.00 ± 0.01 −0.15 ± 0.02

(Depth of 8
−16 cm)

−1.05 ± 0.56 −0.13 ± 0.05 0.00 ± 0.01 −0.13 ± 0.06

(Depth of 16
−24 cm)

−1.46 ± 0.23 −0.14 ± 0.03 0.00 ± 0.01 −0.16 ± 0.02

(Depth of 24
−32 cm)

−1.27 ± 0.22 −0.14 ± 0.04 0.01 ± 0.01 −0.16 ± 0.02

(Depth of 32
−40 cm)

−1.22 ± 0.21 −0.14 ± 0.01 0.00 ± 0.01 −0.16 ± 0.02

Zini, Fujian, China Mangrove
wetland

−0.86 ± 0.25 −0.12 ± 0.03 0.01 ± 0.02 −0.12 ± 0.03
Huang et al., 2020

Shatian, Guangxi, China −1.55 ± 0.19 −0.22 ± 0.09 0.03 ± 0.06 −0.24 ± 0.09

Mawei, Guangxi, China
Mangrove
wetland

−2.16 ± 0.42 0.09 ± 0.06 0.01 ± 0.02 0.02 ± 0.07 Huang et al., 2022

Fugong, Fujian, China
Mangrove
wetland

−0.87 ± 0.05 0.09 ± 0.04 0.01 ± 0.02 Sun et al., 2017

Campos Basin, Rio de Janeiro
State, Brazil

Mangrove
wetland

−0.96 ± 0.58 −0.11 ± 0.12 Araujo et al., 2017

Hackensack River, New Jersey, USA River and estuary −0.38 ± 0.14 0.00 ± 0.03 0.01 ± 0.02 −0.01 ± 0.03
Reinfelder and
Janssen, 2019
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photoreduction of Hg in natural aquatic environments, respectively

(Bergquist and Blum, 2007). The D199Hg/d202Hg ratio typically

exceeds 1.15 in photo-induced Hg reduction processes, whereas

the slope of D199Hg/d202Hg is 0 or -0.12 in the microbial reduction

and abiotic oxidation of Hg in the dark (Blum et al., 2014). In the

present study, the sediment D199Hg/D201Hg ratio was 0.87 ± 0.12

(Pearson’s r = 0.97), indicating that the Hg in the study area had

undergone photo reduction processes (Figure 4A). Additionally, the

sediment D199Hg/d202Hg ratio was 0.05 ± 0.01 (Pearson’s r = 0.58),

suggesting that biotic or abiotic redox processes in the absence of

light are also significant biochemical pathways for Hg (Figure 4B).

In addition to THg and MeHg, the Hg isotopic parameters

demonstrated significant associations with biogenic elements in

sediments, particularly with TOC. For instance, d202Hg showed an

inverse relationship with TOC (Pearson’s r = -0.35), whereas

D201Hg showed a positive correlation with both TOC (Pearson’s r

= 0.481) and TN (Pearson’s r = 0.41). These associations imply that

elucidating the origin of organic matter in sediments can improve

our understanding of Hg migration. The organic matter present in

mangrove ecosystems may stem from both internal sources (such as

litter and root detritus) and external sources (such as riverine and

tidal inputs) (Yu et al., 2012). The C/N ratio serves as a commonly

employed indicator of the origin of organic matter within

sedimentary environments, given the distinct C/N ratios

associated with organic matter derived from various sources.

Marine algae are generally high in proteins and low in cellulose,

resulting in a C/N ratio typically ranging from 3 to 8. In contrast,

terrestrial vascular plants are characterized by a high cellulose

content and a low protein content, with a C/N ratio of 20 or

higher. A greater C/N ratio in sediment corresponds to a larger

proportion of allochthonous organic matter. A C/N ratio greater

than 10 in sediment samples suggests that the organic matter

present is predominantly derived from allochthonous sources,

whereas a C/N ratio below 10 suggests that the organic matter is

primarily from autochthonous sources. A C/N ratio of

approximately 10 indicates a balance between autochthonous and

allochthonous organic matter (Krishnamurthy et al., 1986). The

sediment samples collected from the study site consistently

exhibited a C/N ratio exceeding 10, with a median value of 17.08.

This suggests that the organic carbon in the mangrove sediments
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was primarily sourced from terrestrial pollution and higher plant

materials, with a small contribution from phytoplankton. This

indicates that within the study area, a coastal wetland near an

urban center, a significant portion of mangrove litter remains

within the site rather than being carried into the bay by seawater.

Furthermore, pollutants from terrestrial sources entering the sea via

runoff are probably transported to and deposited within the study

site due to tidal influences. Consequently, it can be inferred that the

pollution inputs in the study area from both seaward and landward

directions are comparable and predominantly from terrestrial

sources. Thus, the THg distribution pattern in the sediments,

with higher concentrations near both the landward and the

seaward side compared to the middle section, along with the

absence of significant differences in Hg isotopic characteristics,

may be explained by a common pathway of organic matter

accumulation in the sediments. Specifically, it is probable that

anthropogenic Hg inputs from the land migrate and enter the

study site through both the landward and seaward sides. Moreover,

the decline of sedimentary TOC, TN, and THg concentrations with

depth provides additional evidence that the biogenic elements and

Hg in the sediments are likely the result of external inputs. Research

has indicated that elevated salinity levels can result in the

breakdown or aggregation and settling of high-molecular-weight

organic substances linked to Hg, ultimately resulting in the

discharge of Hg into the aquatic environment (Cavalcante et al.,

2024). Nevertheless, the findings of this study suggest that this

mechanism is not currently capable of counteracting the buildup of

externally introduced Hg and biogenic elements at the locations

where samples were collected.
4.3 Impacts of SLR

A rise in sea level can have substantial effects on the organic

carbon (OC) content and storage within mangrove forest soils. Given

their status as some of the most productive terrestrial forest

ecosystems in the world, alterations in the capacity of carbon

sequestration in mangrove wetlands will have considerable

implications for global carbon cycling and storage (Chen et al.,

2020). In this study, the two neighboring areas in which mangrove
FIGURE 4

Mercury isotopic signatures and correlations. (A) D199Hg versus d202Hg in sediment samples; (B) D201Hg versus D199Hg in sediment samples.
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plants (Kandelia candel) are cultivated at varying elevations present

optimal settings for examining the effects of rising sea levels on

mangrove attributes. Recent investigations carried out at our

research site have revealed that as sea levels increase, mangroves

have shown an enhanced capacity to enhance soil organic carbon

levels (Chen et al., 2020). However, there has been a discernible decline

in both vegetation biomass and organic carbon storage within

mangroves (Chen et al., 2022). The TOC content in sediments at

the lower-elevation site (SLR 40 cm) with extended inundation

periods was marginally higher compared to that of the SLR 0 cm

site, whereas the TN and TP levels were significantly higher at the SLR

40 cm site. This suggests that SLR will enhance nutrient retention in

sediments within mangrove wetlands. Previous studies have

demonstrated that SLR results in heightened inundation depths and

prolonged flooding periods in coastal wetlands, which may decrease

soil bulk density (Wang et al., 2019) and impede the microbially

mediated degradation of organic material (Breithaupt et al., 2012),

consequently fostering the accumulation of organic matter in

mangrove soils (Chen et al., 2020).

Most Hg found in estuarine and nearshore sediments is bound

to organic matter, with available sites on the organic matter for

further Hg adsorption (Chakraborty et al., 2014). This indicates that

in addition to the introduction of Hg by organic matter, the organic

matter present in sediments can also enhance Hg retention from the

surrounding environment. Due to the strong association between

Hg and organic carbon, fluctuations in wetland water levels can

impact the dispersion and movement of Hg within wetland

sediments. The concentrations of THg and MeHg were elevated

in the mangrove wetland sediments at the SLR 40 cm site compared

to the SLR 0 cm site, suggesting that prolonged inundation

enhances the capacity of these sediments to sequester Hg. This

phenomenon is commonly linked to the negative correlation

between SLR and oxygen diffusion rates (Hickey et al., 2018).

Extended inundation not only physically isolates the sediments

from the atmosphere but also inhibits the burrowing activities of

benthic organisms, thereby reducing the exposed surface area of the

sediments. These factors impede the interaction between sediments

and atmospheric oxygen, leading to more pronounced reductive

conditions within the sediments and an increase in sulfide

concentrations resulting from biogeochemical processes (Pan

et al., 2023). Given that Hg is predominantly linked to sulfides

within the sediments (Crowther et al., 2021), the heightened sulfide

levels may promote the transformation of other Hg species, such as

soluble divalent Hg ions, into the more stable cinnabar (HgS) within

the SLR 40 cm site (Sunderland et al., 2006). This, in turn, enhances

the sediments’ capacity to sequester Hg (Myrbo et al., 2017).

Furthermore, the C/N ratio was notably reduced at the SLR 40

cm site in comparison to the SLR 0 cm site, implying diminished

terrestrial pollution influx at the former. Nevertheless, the site at

SLR 40 cm showed higher concentrations of THg and MeHg,

suggesting that despite lower mercury deposition through

sedimentation, the lower-elevation site had a greater capacity for

adsorbing environmental Hg compared to the SLR 0 m site. This

may be attributed to the stronger binding of Hg at lower elevations

due to the availability of more sulfides.
Frontiers in Marine Science 11
In addition to the presence of THg, the methylation level in

sediments is influenced by their physicochemical properties (Zhao

et al., 2020). Microbial methylation can be enhanced, albeit within a

specific range, by a reduction in the surface sediment oxygen content

(Fitzgerald et al., 2007). In areas experiencing longer inundation

periods, such as the SLR 40 cm area, the lower surface sediment

oxygen content may lead to increased microbial methylation and

higher levels of MeHg in the sediments. This finding is consistent

with previous results regarding the effects of low-oxygen or anoxic

sediment conditions on Hg methylation (Emili et al., 2011).

At the SLR 0 m site, the shorter inundation period may result in

extended light exposure and heightened diurnal temperature

variations. These conditions can enhance the photoreduction of Hg

and the photodegradation of MeHg, thereby facilitating the reduction

and emission of accumulated Hg in surface sediments into the

atmosphere (Ye et al., 2020), which ultimately leads to increased

Hg losses compared to the SLR 40 m site. Nevertheless, SLR may also

inhibit the growth of wetland vegetation and a reduction in plant

biomass. Data collected in 2017 from the same site indicate that the

plant density in the SLR 40 cm area (2.75 ± 0.54 plants/m2) was

significantly lower than that in the SLR 0 cm area (4.08 ± 0.51 plants/

m2), and the average canopy width in the SLR 40 cm area (46.41 ±

9.00 cm) was smaller compared to that in the SLR 0 cm area (> 60

cm) (Chen et al., 2022). Whilst the difference in canopy cover may

impact light intensity at the surface and the release of surface Hg, it is

not the primary factor contributing to the differences in Hg

sequestration among the sites with different elevations.

The D201Hg value at the SLR 40 m site showed a slight decrease

compared to that at the SLR 0 m site, contrary to the trend observed

for THg. Across the sites, there was a significant positive correlation

between D201Hg and THg concentrations. This apparent

contradiction may be attributed to the higher light exposure at

the elevated site, resulting in photoreduction of Hg(II) and the

photodegradation of MeHg, leading to positive MIF and an increase

in the D201Hg value (Bergquist and Blum, 2007). In contrast, the

low-light SLR 0 m site may present an increased potential for Hg(II)

reduction processes facilitated by soluble organic matter in the

absence of light, potentially resulting in negative MIF (Zheng and

Hintelmann, 2010). Consequently, the observed disparity in D201Hg

between the SLR 40 m and SLR 0 m sites can be attributed to MIF

phenomena occurring within the respective sites. However, this

discrepancy is not evident in other Hg isotopic compositions,

indicating the necessity for more extensive and prolonged

analyses to substantiate these findings.
5 Conclusion

Mercury accumulation was observed in the sediments of the

artificial mangrove wetland in Zengying, which is characterized by a

low pollution level. The region remains in a state of Hg input,

continuously exerting its function as a Hg sink. The primary source

of Hg in the plots is represented by anthropogenic emissions from

the surrounding land, entering the wetland from both landward and

seaward directions. This underscores the significance of mangrove
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restoration in mitigating Hg pollution in coastal ecosystems and the

influence of anthropogenic Hg emissions on marine environments.

The accumulation of Hg in mangrove wetlands is in line with the

accumulation of biogenic elements. Higher concentrations of Hg

and biogenic elements were found in the sediments of low-elevation

plots compared to high-elevation ones, suggesting that SLR has a

substantial impact on the wetland’s ability to store Hg and influence

the biogeochemical cycling of this element in the environment.
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