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Abstract

Identification of sources and transformation mechanisms of mercury (Hg) is fundamental to
our understanding of the biogeochemical cycling of Hg in lake ecosystems. In this study, we
conducted a comprehensive investigation on the isotopic compositions of Hg in water columns,
sediments, atmospheric deposition endmembers, watershed river and runoff in Hongfeng Lake
(HFL) ecosystem in southwestern China. We observed significant difference in *“Hg
between dissolved Hg (DHg) and particulate Hg (PHg) in lake, river, and runoff samples, with
lighter isotopes preferentially adsorbed onto particulate matter. A'Hg was also significantly
higher for DHg than PHg in lake and river waters, primarily due to the higher susceptibility
of DHg to photochemical reduction processes. A”Hg and A’ Hg of Hg in sediments were
similar to those of PHg in water column, but significantly different from those of DHg,
reflecting the dominant role of sedimentation of PHg from water column in the Hg
accumulation in sediments. The isotopic compositions of Hg in lake water and sediments lied
between those of atmospheric deposition and watershed runoff end-members. Using a Hg
isotope mass balance model, we estimated that runoff input accounted for 72.3% of total Hg
input into the HFL ecosystem, followed by riverine input (10.3%), particulate-bound Hg
(PBM) dry deposition (5.5%), Hg(II) wet deposition (5.5%), Hg(0) dry deposition (4.2%), and
gaseous oxidized Hg (GOM) dry deposition (2.2%). These results highlight the key role of
watershed runoff as a source of Hg in lake ecosystems and improve our understanding of the

biogeochemical cycling of Hg such ecosystems.
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1. Introduction

Mercury (Hg) contamination in lake ecosystems is of particular concern for the environment
and human health as inorganic Hg(I) entering aquatic ecosystems can be methylated by
microorganisms and subsequently bioaccumulated in food chain (Blanchfield et al. 2022, Lindqvist
et al. 1991). Atmospheric Hg can enter into lake waters directly through atmospheric deposition or
indirectly via watersheds, where it is transported through riverine flows and surface runoff,
ultimately accumulating in sediments (Cooke et al. 2020, Engstrom 2007). Despite progresses in
identifying Hg sources, challenges persist in accurately quantifying the contributions from various
pathways, including atmospheric wet and dry deposition, riverine transport, and surface runoff.
Specifically, estimating runoff Hg and dry deposition of Hg(Il), the latter one including particulate-
bound Hg (PBM) and gaseous oxidized Hg (GOM), is complicated by the intricate hydrological
processes governing lake-watershed interactions and uncertainties in key model parameters, such as
the dry deposition velocities (V) of atmospheric Hg species (Jeremiason et al. 2009, Lindberg et al.
2007, Zhang et al. 2009). These knowledge gaps impede a comprehensive understanding of Hg
biogeochemical cycling and the development of effective strategies for Hg pollution mitigation in
lake ecosystems (Jonsson et al. 2017, Schartup et al. 2015).

The application of Hg-stable isotopes in tracing the sources and biogeochemical processes of
Hg in natural ecosystems has significantly increased in recent years (Blum et al. 2014, Kwon et al.
2020, Tsui et al. 2020). The isotopic composition of Hg exhibits mass-dependent fractionation (MDF,
characterized by 8°Hg signatures) during most biogeochemical transport and transformation
processes. Additionally, odd-mass isotopes of Hg undergo mass-independent fractionation (odd-
MIF), measured as A'”Hg and A**'Hg, predominantly during photochemical reactions (Bergquist
and Blum 2007, Motta et al. 2020, Sherman et al. 2010, Zheng and Hintelmann 2010). Furthermore,
Even-MIF (A?"Hg and A?*Hg) is produced under specific conditions, such as the dissociation of
molecular Hg(II) species at high altitudes (Chen et al. 2012, Fu et al. 2021, Sun et al. 2022). These
MDF and MIF signatures provide a powerful tool for tracing Hg sources and cycling within
environmental compartments, facilitating Hg source identifications in aquatic ecosystems(Blum et
al. 2014, Kwon et al. 2020, Tsui et al. 2020). Despite this progress, limited information exists

regarding isotopic signatures of Hg species across water profile layers and the associated
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geochemical processes. Notably, the magnitude and direction of odd-MIF during liquid-phase
photoreduction are influenced by the Hg(Il) binding state and chemical solution properties, such as
pH and dissolved oxygen (DO) concentrations (Bergquist and Blum 2007, Zheng and Hintelmann
2009, 2010). Motta et al. demonstrated that sulthydryl-bound Hg(Il) in both anaerobic and aerobic
waters could induce odd-MIF, producing opposite A'”’Hg signatures under photochemical
conditions (Motta et al. 2020). However, this critical finding has yet to be verified through
measurements on natural surfaces. Most existing previous studies have focused on the Hg sources
in sediments using isotopic techniques. For instance, Chen et al. (2016) observed different Hg
isotopic compositions between dissolved Hg (DHg) and sediment Hg, suggesting that Hg in lake
sediments have different sources from DHg (Chen et al. 2016); however, the sources of Hg to lake
sediments and waters were not quantified mainly due to the lack of Hg isotopes observations of the
other Hg species (e.g., particulate Hg (PHg)) in water and external loading sources (atmospheric
deposition, riverine input, and watershed runoff). Similarly, Lepak et al. (2015, 2020) investigated
the contributions of watersheds, precipitation, and industrial sources to Hg in Great Lakes sediments,
but did not consider the contributions from atmospheric Hg (Hg(0), PBM, and GOM) dry
deposition and riverine input (Lepak et al. 2020, Lepak et al. 2015). The Hg isotopic signatures of
lake waters across vertical profiles, which serve as critical links between input sources and
sediments, remain poorly understood.

In this study, we measured Hg concentrations and isotopic compositions across multiple
environmental compartments in the Hongfeng Lake (HFL) ecosystem, located in southwestern
China. Sampling included atmospheric PBM, precipitation, river water, surface runoff, lake water,
and sediments. These measurements were integrated with previously reported data on Hg isotope
fractionation during air-water exchange of Hg(0) to delineate the Hg sources in the HFL ecosystem
(Zhang et al. 2023). Based on the comprehensive observations of Hg concentration and isotopes and
using a novel Hg isotope mass balance model, we have unraveled the transformation mechanisms
(e.g., conversion, photochemical reduction, and sedimentation) of DHg and PHg in waters and
quantified the contributions of atmospheric Hg deposition (Hg(0), PBM, GOM dry deposition and

Hg(II) wet deposition), riverine input, and watershed runoff to Hg in the lake ecosystem.

2. Materials and methods
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2.1. Site description and sample processing

Hongfeng Lake (HFL, 26°25'N~26°34'N, 106°20'~106°26'E), located in the Yunnan-Guizhou
Plateau of southwestern China, is the region’s largest karst lake and serves as a vital drinking water
source for Guiyang City. HFL consists of two primary basins: the northern and the southern lake
basin. Its hydrology is largely sustained by direct rainfall and inflows from four main tributaries:
the Maiweng, Yangchang, Maxian, and Houliu Rivers, with the Maotiao River acting as the lake’s
sole outlet (Fig. 1). Comprehensive hydrological and water quality data are provided in the
Supporting Information (Text S1, Fig. S1, Table S1).

PBM samples were collected onto preheated (500 °C for 6 h) quartz filters (Munktell) using a
high-volume mass flow-controlled system for PM, s sampling (ASM-1, China) from January to
October 2020 at the HFL ecological observatory (Fig. 1). Each sampling event lasted 72 hours with
a volumetric flow rate of 1.0 m? min!. Immediately following collection, the quartz filters were
carefully sealed in polypropylene bags to prevent contamination prior to laboratory processing. For
Hg isotope analysis, samples were preconcentrated into 5 mL of a 40% HNO3/HCI mixed acid
solution (v/v, 2:1) using a double-stage combustion method, following the procedure detailed in a
previous study (Huang et al. 2015).

Precipitation samples were collected using an automated deposition collector (APS-3A, China,
details in Text S2) from March to October 2020. River water samples were obtained from the four
major upstream rivers and the single downstream river using clean acrylic water samples in March
and July 2020. Runoff samples were collected from the northern and southern catchments of HFL
with a Teflon runoff collector from May to July 2020 (Fig. 1) (Xia et al. 2021). Monthly samples of
precipitation, river water, and runoff were obtained. Lake water samples were taken from various
depths in the northern and southern basins of HFL using a Niskin water sampler (Watertools, China)
during the spring, summer, and winter of 2020. All collected water samples (river, runoff, and lake
water) were immediately filtered on-situ to analyze DHg and PHg using a pre-cleaned aspirator with
treated quartz filter (Whatman, 2.2um pore size). The filtered water was subsequently acidified with
5%o (v/v) trace-metal reagent grade HCI and digested overnight (12 h) with 3 %o (v/v) BrCl (0.2
mol/L) in 10 L brown borosilicate glass bottles, and then stored at 4°C in the laboratory for

subsequent preconcentration for Hg isotope analysis (EPA 2002, Li et al. 2019, Zhang et al. 2021).
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For DHg analysis, samples were collected preconcentrated using chlorine-impregnated activated
carbon (CLC) traps, following a procedure detailed in (Zhang et al. 2021), and then concentrated
into 5 mL of 40% mixed acid solution. For PHg, filter samples were freeze-dried and then
preconcentrated in 5 mL of 40% mixed acid solution using a two-stage furnace system for isotope
analysis(Jiskra et al. 2021).

Sediment cores and surface sediment were collected from the northern basin of HFL in January
2021. Sediment cores were obtained using a gravity coring system, sliced, and stored in
polypropylene centrifuge tubes for subsequent analysis. In the laboratory, these sediment samples
were freeze-dried, weighed, and sieved to determine Hg concentration, isotopic composition, and
age. The sediment cores were dated using excess 2!°Pb, analyzed with a multi-channel y-ray
spectrometer (GX6020, Canberra, USA). The chronologies of sediment core was calculated through
the constant flux and constant sedimentation rate model to derive the sedimentation flux of Hg (Text
S3) (Appleby and Oldfield 1978). Surface sediment samples were collected with a Peterson sampler
and preconcentrated by combustion in a two-stage furnace system for Hg isotope analysis (Sun et

al. 2013).
2.2. Hg concentration and stable isotope analysis

Hg concentrations in acid trapping solution were determined by cold vapor atomic fluorescence
spectrometry (CVAFS) according to the EPA 1631 protocol (EPA 2002). Hg concentrations in
particulate matter and sediment were determined by a DMA-80 automated mercury analyzer. Hg
isotope ratios were determined at the State Key Laboratory of Environmental Geochemistry, CAS,
(Guiyang, China) using a Nu-Plasma II MC-ICPMS following the analytical procedures described
by Blum and Bergquist (Blum and Bergquist 2007). The isotopic ratios were corrected for mass bias
by standard bracketing of samples using NIST 3133 (Blum and Bergquist 2007). MDF, expressed
as the delta notation (5, reported in %o), is relative to the NIST3133 standard reference value and is

calculated as follows (Blum and Bergquist 2007):

(xxng/l‘)BHg)S ol
PP — 1| x 1039 1
(xxng/198Hg)SRM 133 Yoo ( )

8§ *Hg(%0) =
where xxx is the mass number of each Hg isotopes between 199 and 204. MIF is expressed as the
capital delta notation (A) and is defined as the difference between the measured 5*Hg and the

theoretically predicted 5**Hg using the kinetic MDF law (Blum and Bergquist 2007):
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A% g(%o) = §¥*Hg — B** x §292Hg (2)
where ™ is the scaling factor determined by the kinetic mass-dependent law and has values of
0.2520,0.5024,0.7520, and 1.493 for the masses of Hg isotopes 199, 200, 201, and 204, respectively
(Blum and Bergquist 2007).

Standard quality assurance and control procedures were strictly followed during the analysis
of Hg, as outlined in Text S4. Analytical precision (= 2SD) was evaluated by conducting repeated
measurements of the secondary standards NIST SRM 3177 and RM 8610 during each isotope
analysis. Additionally, the Hg isotopic compositions of certified reference materials (CRMs) BCR
482 (Lichen) and SRM 1947 (Fish) were measured, with all results aligning well with previously

reported values (Table S2) (Blum and Johnson 2017, Blum et al. 2014).
2.3. Hg isotope mass balance model for source apportionment

All the potential pathways for Hg inflow and outflow within the HFL ecosystem were
integrated into the Hg isotope mass balance model. The inflow pathways include Hg wet deposition,
atmospheric GOM, PBM, and Hg(0) dry deposition, runoff, and riverine input. The outflow
pathways comprise Hg(0) evasion from water, Hg sedimentation, and export of Hg through the
downstream river and municipal water supply systems. Given the relatively short residence time of
Hg in the lake (~36 days), the Hg system in HFL is presumed to attain a steady-state equilibrium
between input and output shortly after the loading of Hg from various sources to the lake (Gao et al.
20006, Vette et al. 2002). It is therefore assumed that the mass of Hg within the water column remains
constant, with the imported Hg fluxes and their respective isotopic signatures balanced by the Hg
export fluxes. Atmospheric GOM and PBM dry deposition, riverine and runoff Hg input, which are
unknown or difficult to be quantified, are needed to further considered in the Hg isotope mass
balance model, as detailed in Table S1 and Text S5. As a result, the contributions of various sources
to the HFL can be determined using the following equation, with all variables expressed on annual
basis:

Mug0)-pep + Mwer + Mppy + Mgom + Mpiver + Mrunorr = Msea + Mout + Mug(0)-Eva (3)
My g(0y-pep % 8%°2H g1 g(0)-pep + Mwet X 62°2Hgwer + Mppy X §2°*Hgppy + Mgom X 6°°*Hggom +

Mgiver X 5202H9River + MRunoff X 8202H9Runoff = Mgeq X 6202H95ed + Moy X 6202H9Lake +

MHg(O)—Eva X 6202HgHg(0)—Eva (4)
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My g(0y-pep % A H gy g(0)-pep + Mwer X A °Hgyrer + Mppy X A¥°Hgppy + Mgom X A Hggonm +
Mgiver X A°Hgpiver + Mpunogs X A'°Hgrunofr = Msea X AP Hgseq + Moye X A Hgpare +
Mpg0y-Eva X 41991‘1911g(0)—13ua ()
Mpgoy-pep X AZOOHgHg(O)—Dep + Myer X A2°°H gyyer + Mpgy X A42°°Hgppy + Mgom X 4*°°Hggom +
Mgiver X 4%°°H griver + Mpunoss X 42°°Hgrunosr = Msea X A2°°Hgseq + Moy X A*°°Hgpqe +
Mpg(0y-eva X AZOOHgHg(O)—Eva (6)
In the model, Mug(0)-pep, MpBM, and Mgowm represent dry deposition fluxes of atmospheric Hg(0),
PBM, and GOM, respectively, while Mwe: denotes Hg wet deposition. Riverine and runoff input are
represented by Mgiver and Mrunofr, respectively. The fluxes of Hg sedimentation, export, and evasion
from the lake are denoted by Msed, Mou, and Mugo)-Eva, Tespectively. Furthermore, §22Hgyyy,
A Hgyyy, and A?°Hgyy, represent the Hg isotopic signatures in various environmental media, with
“yyy” corresponding to the following: “Dep” for Hg(0) deposition to water, “PBM” for atmospheric
PBM, “GOM” for atmospheric GOM, “wet” for precipitation Hg(II), “river”, “runoff”, and “lake”
for water Hg in these respective media, “Sed” for sediment Hg(II), and “Hg(0)-Eva” for Hg(0)
evasion from water. The isotopic compositions of GOM, water Hg(0) evasion, and Hg(0) deposited
are sourced from previous studies (Rolison et al. 2013, Zhang et al. 2023). Monte Carlo simulations
were performed using R code to estimate the uncertainties associated with the Hg isotope mass

balance model.

3. Results and discussion

3.1 Hg concentrations and isotopic compositions of end-member sources

The mean (£1SD) concentrations of DHg and PHg in precipitation samples were 8.82 + 2.26
ng/L (n=17)and 10.92 £ 7.17 ng/L (n = 15, Fig. S2 and Table S3), respectively. The mean (£1SD)
concentrations of atmospheric PBM was 52.1 + 4.6 pg/m? (n = 16, Table S4), which was slightly
higher than values observed at other remote sites (40.0 =47.9 pg/m3, n = 11, 1SD), but significantly
lower than concentrations recorded at urban locations in China (238.3 + 133.4 pg/m?, n = 8, 1SD)
(Feng et al. 2022, Zhang et al. 2022).

Mean (+1SD) concentrations of DHg and PHg in river waters were 4.03 £ 1.18 ng/L (n = 10)
and 9.08 + 2.86 ng/L (n = 10), respectively (Table S5). These concentrations were approximately 4

and 8 times lower than the corresponding mean concentrations of DHg (14.83 £ 3.03 ng/L, n = 6)
9
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and PHg (73.56 + 34.69 ng/L, n = 13) in runoff samples (Table S6). The Hg concentrations of runoff
were generally consistent with those previously reported for karst catchments (Xia et al. 2021) and
forested watersheds (Jiskra et al. 2017).

The isotopic compositions of PBM and precipitation Hg(Il) were characterized by similar
negative 8°?Hg (median: -1.41%o and -1.15%o; interquartile range (IQR), -1.85 to -1.20%o and -1.22
to -1.03%0; n = 16 and 12, respectively), as well as positive A'”Hg (median: 0.23%o and 0.21%o;
IQR: 0.19 to 0.29%0 and 0.17 to 0.25%o, respectively) and A’*°Hg values (median: 0.07%o and
0.09%o0; IQR: 0.05 to 0.12%o and 0.07 to 0.10%o, respectively) (Fig. 2 and S2, Table S3 and S4).
These isotopic signatures of PBM and precipitation Hg(Il) were consistent with those reported for
remote areas globally (Fu et al. 2021, Kwon et al. 2020, Washburn et al. 2021).

The isotopic compositions of DHg in river water exhibited a negative median §*°2Hg of -1.02%o
(IQR: -1.09 to -1.01%o), alongside positive median AHg of 0.17%o (IQR: 0.16 to 0.18%o0) and
A?™Hg of 0.08%0 (IQR: 0.07 to 0.11%o). For PHg in river water, the isotopic signatures were
relatively lower, with the median values of §?°?Hg of -1.69%o (IQR: -1.79 to -1.51%o), A!’Hg of -
0.06%0 (IQR: -0.07 to -0.05%0), and A2*°Hg of 0.00%0 (IQR: 0.00 to 0.01%o) (Figure 2, Table S5).
In runoff, the median §**>Hg of PHg was more negative than that of DHg (-1.69%o vs. -1.06%o,
respectively), with this difference between the two being similar to that observed in river water.
However, DHg and PHg in runoff had similar negative A"’Hg (median: -0.10%o, IQR: -0.12 to -
0.08%o and median: -0.13%o, IQR: -0.14 to -0.11%o, respectively) and A>*°Hg (median: -0.05%o, IQR:
-0.05 to -0.04%o and median: -0.04%o, IQR: -0.05 to -0.04%o., respectively) (Fig. 2, Table S6). The
A" Hg and A?®Hg signatures of DHg and PHg in runoff were similar to those of foliage Hg in this
study area (median A'Hg: -0.29%o, IQR: -0.34 to -0.09%o; median A2°°Hg: -0.04%o, IQR: -0.05 to
-0.04%o, Table S7). Given that soil-bound Hg associated with natural organic matter (NOM)
primarily originates from the decomposition of litterfall (Demers et al. 2013, Jiskra et al. 2015,
Wang et al. 2017), it is likely that the dominant source of Hg in runoft is soil leaching of NOM-
bound Hg, which itself is derived from foliage uptake of atmospheric Hg(0). This implies that
precipitation-derived Hg(II) plays a minor role in contributing to runoff Hg. Such findings align
with studies from forested watersheds in northern Sweden, where precipitation Hg(Il) was found to

contribute minimally to runoft Hg (Jiskra et al. 2017).
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3.2. Variations of Hg concentration and isotope composition in lake water column

The mean (= 1SD) concentrations of DHg in the HFL water column were 1.15 £ 0.43 ng/L (n
=20), 1.74 £ 0.56 ng/L (n = 18), and 1.60 = 0.55 ng/L (n = 22) (Table S8), and those of PHg were
3.12 £ 0.59 ng/L (n = 20), 3.08 £ 1.00 ng/L (n = 18), and 2.69 + 0.60 ng/L (n = 22) (Table S9) in
winter, spring, and summer, respectively. In terms of vertical distribution, both DHg and PHg
concentrations in HFL exhibited a marked decline with increasing depth (Fig. 3). We hypothesize
that the observed pattern in HFL is driven primarily by specific physicochemical factors within the
water column, such as sulfate levels, dissolved iron, dissolved organic carbon (DOC)), and
suspended particulate matter (SPM). Furthermore, auxiliary water chemistry in the northern and
southern basins of HFL also shows a decrease with increasing depth (Fig. S1). Additionally,
significant positive correlations between DHg and DOC concentrations, as well as between PHg
and SPM, were observed across all sampling events (Fig. S3), indicating that organic matter and
suspended particles exert a significant control on vertical transport of Hg within lake water column.

The isotopic compositions of DHg in lake water samples revealed a negative median 3°?Hg of
-0.85%o (IQR: -1.08 to -0.65%0) and positive median AHg and A?°°Hg of 0.17%o (IQR: 0.13 to
0.24%o0) and 0.03%o (IQR: 0.01 to 0.06%o), respectively. In contrast, PHg exhibited lower isotopic
values than DHg, with median 8°?Hg, A'*Hg, and A>°°Hg values of -1.53%o (IQR: -1.74 to -1.34%o),
-0.04%0 (IQR: -0.07 to -0.02%o), and -0.01%o0 (IQR: -0.03 to 0.00%o), respectively, (Fig. 2). Unlike
the concentration trends of DHg and PHg, the isotopic signatures, particularly A!””Hg and A?°Hg,
did not exhibit distinct vertical distribution patterns in the water column (Fig. 3, Table S8 and S9).
The insignificant variation of &°?Hg with depth indicates the influence of complicated
biogeochemical processes (Tsui et al. 2020). In lake surface water, the Hg(Il) photochemical
reaction in the presence of DOC leads to higher A"’Hg (Zhang et al. 2023); however, the intensity
of this reaction decreases significantly with reduced light availability (Motta et al. 2020). Given the
transparency of only 2m in the HFL, it is expected that the A'”’Hg signal in surface water would
exhibit a significantly positive value, which would distinguish it from deeper water layers. However,
vertical mixing likely facilitated sufficient mixing between surface and deeper waters, which may
explain the absence of a clear vertical distribution trend for A'Hg. Additionally, remobilization of

Hg from sediments and groundwater inputs, which typically display negative odd-MIF
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characteristics, likely exerts minimal influence on the vertical trend of Hg A'”Hg in the water

column (Table S10).
3.3. Hg sedimentation flux and sediment Hg isotopic compositions

The mean (+ 1SD) concentration of Hg in surface sediment was 474.2 +£27.9 ng/g (n="7, Table
S10). We calculated the annual flux of THg from the water column to the sediment, referred to as
sedimentation loss below, using sediment Hg concentration (ng/g), mass depth (g/cm?), and
sediment age (a), as detailed in Text S3 and Table S1. The calculated sedimentation loss was 0.85
ug/m?/yr, integrating which over the whole lake gives a value of 27.54 + 1.85 kg/yr, accounting for
81% of the total loss of Hg from the lake water (Table S1). Such a finding with the major loss of Hg
being from sedimentation processes is consistent with that reported for Lake Superior and Lake
Michigan (Jeremiason et al. 2009), but differs from that reported for Lake Champlain where
volatilization of Hg(0) from the water body was the largest loss (Gao et al. 2006). The disparate
outcomes with respect to the predominant losses between these lakes are plausibly attributable to
their disparate PHg fractions relative to THg in the water column and residence times of Hg in lakes.
For instance, HFL has a PHg/THg ratio of approximately 1:1.5, with a residence time of Hg at 36
days, whereas Lake Champlain has a much lower PHg/THg ratio of 1:23.7 and a residence time
closed to a year.

Hg in surface sediment in HFL had negative median §?°?Hg, A'Hg, and A*°°Hg values of -
1.65%0 (IQR: -1.72 to -1.56%0, n = 7), -0.08%0 (IQR: -0.09 to -0.07%o), and -0.04%. (IQR: -0.04 to
-0.03%o), respectively (Fig. 2, Table S10). These isotopic compositions are consistent with those
previously reported for sediments in remote regions, where median (= 1SD) values of §?"?Hg,
A"Hg, and A’*®Hg were -1.34 £ 0.30%o, -0.19 =+ 0.08%0 and -0.02 =+ 0.02%o, respectively (Fig. 2)
(Guédron et al. 2016, Lee et al. 2021, Lepak et al. 2020). A notable feature of these sediments with
negative A'”Hg and A?°°Hg signatures is their high watershed to lake area ratios, which range from
8.2 to 15.1, with HFL showing a ratio of 28. Such ratios indicate that the majority of Hg in these
lakes is derived from the watershed, which is in contrast to sediments from lakes with smaller
watershed to lake area ratios, typically associated with positive AHg and A?°°Hg values (Kurz et

al. 2019, Lee et al. 2021).

3.4 Transformation of Hg in lake water column
12
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Our observations showed that DHg and PHg in HFL water column are characterized by distinct
isotopic values. We observed a notable positive shift in §?°?Hg for DHg relative to PHg in lake water,
a pattern that is similar to those for river water and watershed runoff (Fig. 4). The median shift,
defined as D-8*"?Hgpug-pre = 8°°2Hgpre-0>?Hgpng, was approximately 0.69%o, 0.65%o, and 0.63%o
for lake water, river water, and runoff, respectively. These values are comparable to previously
observed shifts in river and sea water, with D-8?"?Hgpug.pug 0of 0.40%0 and 0.75%o, respectively
(Campeau et al. 2022, Jiskra et al. 2021). The positive shift of §°?Hg in DHg relative to PHg is
consistent with the MDF trajectories documented during the photochemical/abiotic dark/microbial
reduction of Hg(Il) by DOC and the Hg(II) adsorption/desorption experiments (Bergquist and Blum
2007, Jiskra et al. 2012, Tsui et al. 2020, Wiederhold et al. 2010, Zheng and Hintelmann 2009),
suggesting that isotopic differentiation between DHg and PHg is likely driven by reduction of Hg(II)
by DOC and/or Hg(II) adsorption/desorption processes.

DHg in lake and river waters had much higher A'”Hg and A?°°Hg values than those of PHg
(Fig. 4), consistent with previous studies in seawater and river water (Campeau et al. 2022, Jiskra
etal. 2021). Such a notable difference in Hg-MIF indicates a slow transformation between DHg and
PHg species in lake and river waters, otherwise we would expect similar Hg-MIF signatures
between DHg and PHg. Our observation raises the question of what underlying processes are
responsible for the higher A!””Hg signatures observed in DHg in lake and river waters. A scatter plot
of A"Hg vs. A>Hg for DHg and PHg revealed that the majority of DHg data points were
positioned above the mixing line, while PHg points were evenly distributed on both sides of the line
representing the typical atmospheric Hg(0) and atmospheric Hg(II) source end-members (Fig. S4).
The positive shift of A'”Hg in DHg, as compared to what would be expected from atmospheric
source mixing, suggests that post-depositional processes have shifted the A'°°Hg signatures of DHg.
The linear regression of A!”Hg vs. A>*'Hg for DHg in lake and river waters yielded a slope of 1.09
+0.01 (Fig. S5), indicating photochemical reduction induced Hg MIF. The observed more positive
A'Hg in water DHg as compared to the mixing of atmosphere end-members seems to be in line
with the fractionation trajectories of photochemical reduction of Hg(II) in presence of DOC, a
process that has resulted in more positive A'®Hg in residual DHg (Zhang et al. 2023). In contrast,

PHg appears to be relatively stable against photochemical reduction, resulting in a A'”Hg signature
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that aligns more closely with atmospheric mixing sources. These findings are overall consistent with
previous experimental studies, which have suggested photochemical reduction processes should be
mainly associated with dissolved or colloidal Hg(Il) (Amyot et al. 1997, Ci et al. 2016). We further
compared the previously measured A>***Hg values of Hg(0) emissions from water in HFL, which is
mainly driven by Hg(II) photochemical reduction (Zhang et al. 2023), with those of DHg and PHg
(Fig. S6). The A*™Hg signature of water Hg(0) emissions closely aligned with that of DHg, but
diverged significantly from that of PHg (Paired #-test, p < 0.01), indicating that DHg, rather than
PHg, is the primary Hg species involved in photochemical reduction. The minimal contribution of
PHg to water Hg(0) emissions reinforces the hypothesis that DHg is more susceptible to
photochemical reduction, which accounts for the higher A’Hg values observed in DHg in both
lake and river waters.

Accumulation of Hg in sediment is thought to be dominated by sedimentation of particulate
matter, but could be also affected by the exchange of dissolved Hg(II) between sediment-water
interface (Ullrich et al. 2001). The sedimentation of PHg and DHg and their relative contributions
to sediments Hg are, however, not well constrained. Here we found sediment Hg in HFL had
negative A!”Hg and A?°°Hg values (median: -0.08%o and -0.04%o, respectively), a signature closely
aligned with those of PHg in water column but statistically lower than those of DHg (p < 0.001,
ANOVA test, Fig. 4). The difference in A'”Hg and A**’Hg between sediment and DHg are not likely
caused by diffusion and/or adsorption-desorption processes, which is thought to produce negligible
odd-MIF and even-MIF(Jiskra et al. 2012, Wiederhold et al. 2010). We therefore proposed that
accumulation of Hg in HFL sediments should be mainly derived from the sedimentation of PHg in
water column. Based on a A!”’Hg isotope mass balance model (Text S6), we estimate that
approximately 95.8 + 2.0% of sediment Hg is derived from PHg sedimentation, which significantly
outweighs the contribution from lake DHg (4.2 + 2.0%). This finding underscores the importance
of the sedimentation of PHg, rather than DHg, from the water column as the primary source of Hg
in sediments. This, together with the stable nature of PHg against photochemical reduction as
discussed earlier, indicate that the variations of Hg-MIF in sediments in lakes like HFL are more

likely related to the changes of loading sources.

3.5. Comprehensive quantification of Hg sources in HFL ecosystem
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In this study, a source apportionment analysis of Hg in the HFL ecosystem was carried out by
integrating estimated fluxes from various Hg sources and sinks with source-specific isotopic
compositions, utilizing a combined Hg mass balance and isotope mass balance model (Section 2.4,
Table S1, Text S5). The Hg input fluxes from direct atmospheric Hg(0), PBM, and GOM dry
deposition, Hg wet deposition, riverine, and runoff input were estimated to be 1.43 = 0.37, 1.87 £
1.57, 0.76 + 0.65, 1.87 + 0.67, 3.51 + 2.66, and 24.62 + 2.55 kg/yr (mean + 1SD), respectively,
within the HFL ecosystem (Fig. 5). Apparently, the largest contribution to Hg in the HFL ecosystem
was from runoff (72.3%), followed by the riverine input (10.3%), atmospheric PBM dry deposition
(5.5%), wet deposition (5.5%), atmospheric Hg(0) dry deposition (4.2%), and GOM dry deposition
(2.2%) (Fig. 5). The elevated Hg concentrations observed in runoff highlight its significant role as
the dominant source of Hg inputs. While previous studies have emphasized the critical importance
of watershed-derived Hg (Cooke et al. 2020, Lepak et al. 2020, Lepak et al. 2015, Swain et al. 1992),
this study is unique in quantifying the contributions of Hg from watershed sources and
distinguishing the relative roles of riverine versus surface runoff inputs, an analysis that has not
been explored in prior research. Atmospheric Hg(0) enters the lake ecosystem primarily through
two pathways: direct deposition onto the lake surface and uptake by vegetation followed by
transport through watershed runoff. Our findings underscore the importance of watershed runoff as
a major pathway for Hg accumulation in the HFL lake ecosystem, with contributions from runoff
exceeding those from direct atmospheric Hg(0) deposition to surface waters.

Atmospheric Hg deposition encompasses Hg(0), PBM, and GOM, each playing critical roles
in Hg cycling. Our previous research estimated an average Hg(0) dry deposition velocity (Vg4) of
0.03 cm/s over HFL (Zhang et al. 2023). Based on the estimated annual mean PBM and GOM dry
deposition fluxes and their corresponding concentrations (GOM concentrations obtained from the
literature (Feng et al. 2022)), V4 values for PBM and GOM were calculated as 1.1 and 1.2 cm/s,
respectively. These estimates align with previously reported values for GOM deposition over lake
surfaces (0.9 ~ 5.0 cm/s; (Engle et al. 2010, Peterson and Gustin 2008)) but exceed modeled values
for PBM (0.02 ~ 0.37 cm/s; (Engle et al. 2010)). The higher PBM deposition rates likely reflect
contributions from coarse particles (~10 pum), as suggested by Stoke’ law, necessitating further

experimental verification. It is hypothesized that the observed PBM is predominantly associated
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with dust, potentially derived from anthropogenic sources such as cement production, or bioaerosols.
4. Conclusions and implications

This study, based on stable Hg isotopes, provides a comprehensive investigation on the sources
and transformation mechanisms of Hg within a karst lake ecosystem. Our observations reveal that
lighter Hg isotopes are preferentially enriched in particle-bound Hg in rivers, runoff, and lake waters.
DHg in both river and lake water had more positive A'"Hg values relative to PHg, indicating that
DHg is more susceptible to photochemical reduction reactions than PHg. Furthermore, our
observations show that approximately 96% of the Hg accumulated in sediments in the HFL is
derived from the sedimentation of PHg from the water column, while the contribution of DHg is
negligible. Based on Hg isotope mass balance model, we unravel that the loading of Hg to the HFL
lake ecosystem is dominated (72.3%) by watershed runoff, supporting previous hypothesis that Hg
isotopic compositions in lake sediments predominantly reflect watershed-derived sources rather
than in-lake processes (Jiskra et al. 2022, Lee et al. 2021, Lepak et al. 2020). Although the specific
sources of Hg may vary with different lake ecosystems, the methodological framework presented in
this study provides a valuable tool for future investigations into the sources and biogeochemical
cycling of Hg in aquatic systems.

The study highlights the critical role of the re-mobilization of legacy Hg, which has been
deposited in watershed, in driving Hg cycling within lake ecosystems. Given the substantial Hg
reservoirs in these watersheds, coupled with the ongoing influx of Hg through runoff (Liu et al.
2019, Liu et al. 2018), it is expected that the transport of Hg via erosion will continue to play a
significant role in Hg dynamics in lake ecosystems. This will persist even after atmospheric Hg
deposition decreases due to the implementation of the UN Minamata Convention, which aims to
reduce anthropogenic Hg emissions. As Hg budgets in watersheds transiting into a phase of legacy
depletion (Powers et al. 2016), the re-mobilization of Hg is anticipated to remain an ongoing process
over several decades. These findings underscore the importance of adopting long-term, sustainable
management strategies to address the issue of legacy Hg pollution. Such strategies, akin to those
established for phosphorus management (Haygarth et al. 2014), are essential for mitigating Hg risks

and safeguarding vulnerable karst ecosystems.
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Figure Captions

Fig. 1. Location of the study area and sampling sites in Hongfeng Lake watershed.

Fig. 2. Hg isotope composition of various environmental media collected in the present study.

Fig. 3. Depth profiles of lake water Hg species concentrations and stable isotope composition in
HFL.

Fig. 4. Hg stable isotopic compositions of dissolved Hg (DHg) and particulate Hg (PHg) in different
environment media in the HFL.

Fig. 5. A Hg mass balance in the HFL ecosystem as revealed by a mass balance and isotope mass

balance model.

23



OCoO~NOUAWNE

OO0 UITNONNUIOITUOITARADBRADIMBIMBREADIMDIMBREADNOWWWWWWWWWNNNNNNNNNNRPRPREPRERPERRER
ORAWNRPFPOOONOOUAWNPFPOOONOOURARWNPFPOOONOUORARWNRPOOONOURWNRPROOONOUMWNEO

© Surface sediment sampling sites N Soor,
® Runoff sampling sites R o

Hongfeng Lake
[ 1 Guizhou M watershed

~— River [ Tras7-1316 [0 1408- 1444

| Elevation(m) [Thate-1346 [ 1444149

B iss-1259 [ |i3d46-1376 [ ] 1.490-1.559
[ 12591287 [ 1376-1408 [ 1.559-1.732

W7 Atmospheric Hg Sampling sites

A | ake water and sediment cores sampling sites.

# River sampling sites _«

F26°40'N

F26°30'N

- 26°20'N

F26°10'N

T
106°30'E

Fig. 1. Location of the study area and sampling sites in Hongfeng Lake watershed.
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Fig. 2. Hg isotope composition of various environmental media collected in the present study.

Panel (A), Odd-isotope independent fractionation (A'”’Hg) versus mass dependent fractionation

(8%2Hg). Panel (B), Odd-isotope mass independent fractionation (A'*°Hg) versus even-isotope

mass independent fractionation (A”°°Hg). The isotopic compositions of atmospheric Hg(0) (Wu et
al. 2023), Hg(0) emitted from water, and Hg(0) deposited to water (Zhang et al. 2023) are from the
literature. The light pink shaded area represents the isotopic compositions of lake surface

sediments in remote areas with large watershed to lake surface ratios (Guédron et al. 2016, Lee et
al. 2021, Lepak et al. 2020).
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Fig. 4. Hg stable isotopic compositions of dissolved Hg (DHg) and particulate Hg (PHg) in
different environment media in the HFL. The light red, light yellow and light green areas represent
DHg and PHg for the atmosphere, watershed and lake, respectively. The line in the box indicates
the median, the box indicates the IQR, the whiskers indicate the 1.5x the IQR, and outliers are
represented by dots.
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Text S1. Water quality parameters, chlorophyll concentration, and dissolved organic
carbon at HFL

Three distinct sampling campaigns were conducted in January, March, and July 2020,
representing the winter, spring, and summer season, respectively, to capture seasonal variations in
HFL Lake. Water samples were collected at 2-meter intervals from various depths across the entire
water column to provide a comprehensive representation of the lake’s vertical profile. During these
campaigns, a range of fundamental physical and chemical properties were measured in situ,
including pH, water temperature (T), dissolved oxygen (DO), suspended particulate matter (SPM),
chlorophyll-a (Chl-a) substance, and dissolved organic carbon (DOC). These parameters were
recorded using a portable multiparameter water quality sonde (YSI EXO2, USA). The concentration
of SPM was determined by the cold dry weighing method, while DOC was analyzed using an
elemental analyzer (Vario TOC Cube, Germany) (Lee et al. 2019). A detailed summary of the water

quality parameters measured in this study is provided in Table S9.
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Text S2. Procedures for collecting, processing, and analyzing rainfall samples

The rainfall sampler is equipped with an online standard rain gauge that automatically records
the date and the amount of rainfall. Upon the onset of rain, the instrument triggers the opening of a
funnel container (PTFE, ® =300 mm = 0.02 mm) to collect precipitation, and it automatically closes
when rainfall ceases, ensuring that only wet deposition samples are collected. Prior to sampling,
eight PTFE bottles (1 L capacity) were thoroughly washed through acid leaching and then rinsed
three times with ultrapure deionized water to eliminate contaminants. Rainfall samples were filtered
immediately after collection through a GF/F filter (Whatman, 2.2 um pore size) once sufficient
precipitation had been collected or after one or two separate precipitation events. The filtered
samples were preserved in the field by adding 5%. (v/v) of race-metal reagent grade HCI and were
subsequently stored in PTFE containers at 4°C before undergoing Hg concentration and isotope
analysis. To ensure sample integrity, the rainfall samples were generally stored in the sampling

bottles for a maximum of three days.
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Text S3. Sediment age and rate

A sediment sample, weighing between 5 and 10 grams, was placed in a plastic sample box (®
37 mm x 29 mm), sealed with wax, and stored for approximately one month to allow ??°Ra and
210pp to reach decay equilibrium. After this incubation period, the 2:°Ph activity was measured using
a multichannel spectrometer (GX6020, Canberra, USA, with a resolution of less than 2.0 keV) over
a measurement time of 16 to 24 hours. The excess 2°Pb activity (*:°Phex) was obtained by
subtracting the 2%°Ra activity from the measured 2°Pb activity. The chronology and sediment
accumulation rates were subsequently assessed using the constant flux and sediment rate (CFCS)
model (Table S12). This model assumes that the sedimentation flux of 2.°Ph (F, Bq cm a) and the
sedimentation rate (S, g cm a!) are stable over time. In this framework, the sedimentation rate and
the initial specific activity of 21°Pb in each sediment layer are treated as constants (F/S). The specific
activity of 21°Pb is assumed to decay exponentially with time, allowing the specific activity (C, Bq
kg™?) of 2%Ph in different sediment layers to be modeled as a function of the sediment mass depth

(M, g cm™), as calculated in the following formula:

C= gexp'(“XM) (@))

a=5 Q

where A is the decay constant of 2°Pb (0.03114 a*). The dry weight of each sediment layer was
calculated by multiplying dry weight density by volume. Considering the compaction of the
sediment, the mass depth (g cm) was therefore used to calculate the sediment accumulation rate.

The mass depth at depth x (M(x)) was calculated using the formula:

M@) = [fp()ds (3

where p(s) is the dry bulk density at depth s.
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Text S4. Quality assurance and quality control
Blanks and pre-concentration methods were thoroughly evaluated in accordance with standard

quality assurance and control protocols. The system blank, which was determined by thermally
treating 1g of CLC with 5 mL of a 40% acid solution, yielded a value of 0.05 + 0.03 ng mL?,
representing less than 3% of the amount loaded from field sampling. The efficiency of CLC in
capturing Hg(0) vapor was determined to be 94.5 £ 4.2% (mean = 1SD, n = 14), a crucial factor in
excluding isotopic fractionation (Fu et al. 2014). Recoveries for the pre-concentrated water samples
ranged from 90.1 to 110.3%, indicating reliable extraction efficiency. During the Hg isotope
measurements, standard reference materials (SRM 3177, RM 8610, BCR 482, and SRM 1947) were
analyzed regularly to assess the instrumental uncertainties and the performance of laboratory pre-
concentration procedures. This quality control procedure also ensured the accuracy of
measurements for each natural environmental sample. The Hg isotope compositions of the standards
were found to be in agreement with the reported values (Table S2), further confirming the reliability
of the analytical methods.
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Text S5. Hg isotope mass balance model
The Hg isotope mass balance model was employed to quantify the sources of Hg input into the

lake ecosystem. Hg in lake environments can be derived from multiple sources, including the direct
dry deposition of atmospheric gaseous elemental mercury (Hg(0) or GEM), particulate-bound
mercury (PBM), and gaseous oxidized mercury (Hg(ll) or GOM) to the water, wet deposition of
Hg(ll), as well as inputs from rivers and surface runoff (Engstrom 2007). Among these, the dry
deposition of Hg(0) and wet deposition of Hg(ll) were quantified. The atmospheric Hg(0) dry
deposition and emission fluxes at HFL were previously quantified using the A?Hg mixing model
(Zhang et al. 2023), while the atmospheric Hg(l1) wet deposition fluxes were derived by multiplying
the measured rainfall Hg concentrations (volume-weighted mean precipitation Hg concentration)
by the corresponding precipitation volume (Fu et al. 2016). However, the atmospheric Hg(ll) and
PBM dry deposition, as well as the contributions from riverine and runoff Hg, remain difficult to
quantify, and thus, these sources were treated as unknowns in the Hg isotope mass balance model.

For sedimentation flux calculations, sediment cores were collected, and ?°Pb was measured in
the sediments through multi-channel spectrometry to determine the sediment age. The
sedimentation rate was then calculated using the constant flux and sediment rate (CFCS) model, and
the sedimentation flux of Hg was calculated from the surface sediment Hg concentrations. The water
Hg(0) evasion flux and isotopic compositions were obtained from Zhang et al. (Zhang et al. 2023).
The Hg export flux from HFL, via the Maotiao River and water supply, was estimated based on Hg
concentrations and water mass flux data, which were sourced from the Guiyang City Water
Resources Bulletin (2020).

The isotopic compositions for precipitation Hg, PBM, riverine Hg, and runoff Hg were
measured in the present study. The isotopic data of atmospheric Hg(0) were adopted from Wu et al.
(Wu et al. 2023) based on observations for Chinese forests and those of gaseous Hg(ll) were
obtained from Araujo et al. (Araujo et al. 2022) based on Hg(ll) data collected using a
polyethersulfone (PES) cation-exchange membrane method, nothing that field GOM data were very
limited due to the difficulty in collecting gaseous Hg(I1)(). Using the Hg isotope mass balance model,
the mass fluxes of Hg input from PBM, gaseous Hg(l1), and river and surface runoff to the lake were
calculated. Furthermore, the relative contributions of each Hg source to the overall Hg input to the
lake were determined.

Monte Carlo simulations generated one million sets of signals with a random range of different
input sources (atmospheric dry and wet deposition, watershed rivers, and runoff), of which the
median and IQR were considered, to analyze the uncertainty caused by the deviations in signals

from the different input sources on the computed proportions.
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Text S6. The endmember mixing model

To quantify the sources of Hg in sediments, binary mixing models were utilized. The primary
source of Hg in sediments is the deposition of particulate matter from the water column. Additionally,
surface sediments may adsorb dissolved Hg (DHg). Previous studies have confirmed that Hg
sedimentation and adsorption processes do not affect odd- and even-MIF Hg signatures (Jiskra et
al. 2012, Wiederhold et al. 2010). The decision to exclude A?®°Hg isotopic signatures in this study
was justified by the small differences between DHg and particulate Hg (PHg) in the water column,
which hinder effective differentiation of their respective contributions to sedimentary Hg.
Consequently, the A'®®Hg mixing model was applied to assess the relative proportions of DHg and
PHg contributing to Hg accumulation in lake sediments.

forg + fprg = 1 (4)
fDHg X A199HgDHg + fPHg X A199I-IgPHg = A199I_lgSecliment )

where fpHg and frHg represent the proportions of lake DHg and PHg in sediment respectively.
Monte Carlo simulations generated one million sets of even-MIF signatures with random
ranges, of which median and IQR were taken into account to analyze the uncertainty in the

calculated proportions caused by deviations in the odd-MIF signatures.
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Figure S1. Physicochemical parameters of water samples collected from Hongfeng lake: (A) the
northern basin, and (B) the southern basin.



171
172 Figure S2. Seasonal variability in PBM and precipitation Hg(l1) concentrations and isotopic

173 composition of HFL.
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175
176

177 Figure S3. The linear relationship between DHg concentration and DOC concentration (A) and
178  between PHg concentration and SPM concentration (B) throughout the water column during three
179  (Winter, Spring, Summer) sampling campaigns.
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Figure S4. Odd-isotope mass independent fractionation (A'%°Hg) versus even-isotope mass
independent fractionation (A2°Hg) of river and lake water. Atmospheric Hg(0) data (blue shading,
median and IQR) are from the literature (Wu et al. 2023), and atmospheric Hg(ll) data (red shading,
median and IQR) are resulted from the mixing of precipitation Hg(ll) and PBM in this study. The
upward solid purple arrow represents the trajectories of residual Hg(lIl) in the water column after
Hg(0) emission mediated by the photochemical reduction process (Zhang et al. 2023).
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Figure S5. Linear correlations between A?°*Hg and A**°Hg in atmospheric Hg(0) (Wu et al. 2023),
Hg(Il), river water, lake water, runoff, and sediment samples in HFL ecosystem.
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194 Figure S6. Comparison of A?°°Hg isotopic signatures of DHg, PHg, and Hg(0) emission in lake
195  water of HFL.
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Table S1. Mass balance components in HFL.

Geographical data

Surface area: 57.2 km?, Watershed area: 1596km?, Max depth: 45m, Altitude: 1230m, Water transparency: 2m

Media

(kg Hglyear) |

Description

Inputs (Sources)

The flux of Hg wet deposition was calculated by multiplying the volume-weighted average Hg concentration in

Wet deposition 1.87+0.67 . . L
precipitation by the cumulative annual precipitation depth (Fu et al. 2016)
. The fluxes of Hg(0) dry deposition and Hg(0) evasion from water, along with their respective isotopic compositions,
Hg(0) dry deposition 1.43+0.37 . .
were derived from the methodology outlined by Zhang et al. (Zhang et al. 2023)
GOM dry deposition
PBM dry deposition Because of the large uncertainties in the influxes and dry Hg(ll) deposition velocities, these four sources were used in a
Riverine input Hg isotope mass balance model to estimate the proportion of Hg inputs to the lake ecosystem.
Runoff input
Total
Outputs (Sinks)
The sedimentation flux of Hg was determined by considering the Hg concentration in surface sediments and the
Sediment loss 27.54+1.85 | sedimentation rate over the past decade (~ 10 years). The sediment accumulation rate was determined by 2°Pb and *¥'Cs
analysis (Table S11)
. The fluxes of Hg(0) dry deposition and Hg(0) evasion from water, along with their respective isotopic compositions,
\olatile loss 2.30+0.15 ) )
were derived from the methodology outlined by Zhang et al. (Zhang et al. 2023)
Water supply 0.63+0.15 Hg export through the downstream river and municipal water supply was estimated based on the concentrations of Hg in
Export to river 3.60+0.84 the water and corresponding water flow rates. Water flow data from Guiyang City Water Resources Bulletin 2020
Total 34.08
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Table S2. Statistical results of the average isotopic compositions of Hg standard for NIST SRM 3177, RM 8610, BCR 482, and SRM 1947 over Hg isotope
analytical sessions in this study.

Recovery | 1SD | §°Hg | 2SD | &®Hg | 2SD | &°Hg | 2SD | &%Hg | 2SD | 6®Hg | 2SD | A®Hg | 2SD | A®™Hg | 2SD | A®Hg | 2SD | A®Hg | 2SD
Hg standard Material n
% (%) (%) (%) (%) (%) (%) (%) (%) (%)
NIST SRM 3177% Standard solution | 18 -0.13 | 0.06 | -0.26 | 0.05 | -0.39 | 0.08 | -0.51 | 0.07 | -0.74 | 0.14 | -0.01 | 0.06 | 0.00 0.05 | -0.00 | 0.06 | 0.01 0.11
RM 8610? Standard solution | 45 -0.15 | 0.07 | -0.25 | 0.06 | -0.41 | 0.09 | -0.52 | 0.07 | -0.77 | 0.13 | -0.01 | 0.06 | 0.01 0.05 | -0.02 | 0.07 | 0.01 0.12
BCR 482° Lichen 29 97.23 6.48 | -1.05 | 0.11 | -0.73 | 0.09 | -1.84 | 0.11 | -1.60 | 0.12 | -2.44 | 0.24 | -0.64 | 0.10 | 0.07 0.04 | -0.64 | 0.12 | -0.05 | 0.15
SRM 1947° Fish 9 97.00 497 | 552 0.11 | 0.64 0.11 | 494 0.16 | 1.13 0.14 | 1.57 0.20 | 5.23 0.08 | 0.07 0.05 | 4.09 0.12 | -0.13 | 0.19

a): The isotopic compositions of standard references NIST SRM and RM 8610 were measured simultaneously to reflect the analytical uncertainty of

instrumental procedures during Hg isotope analysis session.
b): Combustion of BCR 482 and SRM 1947 using the two-stage furnace system. The isotopic compositions of standard references BCR 482 and SRM 1947

were measured repeatedly to reflect the analytical uncertainty of instrumental procedures and thermal processing.

The analytical uncertainty (2SD, two times of standard error) for Hg isotopic compositions in this study is reported as the larger value of either 2SD of the
reproducibility of the procedural RM 8610 or 2SD of the repeated analysis of the sample.

16




Table S3. Hg concentration and isotope compositions of atmospheric precipitation samples (dissolved (DHg) and particulate (PHg) Hg) in HFL.

. Hg conc 62°2Hg AlQQHg AZOOHg AZOng A204Hg 62°2Hg A199Hg AZOOHg AZOng A204Hg

Sample ID Sa;ppllng
fme ng L% %o %o %o %o %o 2D 25D 25D 25D 25D
R-DHg 2020/3 11.06 -0.86 0.37 0.15 0.31 -0.17 0.07 0.06 0.05 0.07 0.12
R-DHg-1 2020/4 8.77 -1.12 0.41 0.08 0.33 -0.16 0.07 0.06 0.05 0.07 0.12
R-DHg-2 2020/4 8.67 -1.19 0.44 0.05 0.36 -0.13 0.07 0.06 0.05 0.07 0.12
R-DHg 2020/5 8.27 -0.90 0.23 0.11 0.19 -0.11 0.10 0.06 0.06 0.08 0.12
R-DHg-1 2020/6 6.33 -1.07 0.24 0.08 0.22 0.10 0.07 0.06 0.05 0.07 0.12
R-DHg-2 2020/6 5.76 -1.28 0.25 0.10 0.23 -0.24 0.07 0.06 0.05 0.07 0.12
R-DHg-3 2020/6 10.15 -0.96 0.31 0.10 0.19 -0.24 0.07 0.06 0.05 0.07 0.12
R-DHg-4 2020/6 4.03 -0.91 0.22 0.11 0.22 -0.21 0.07 0.06 0.05 0.07 0.12
R-DHg-5 2020/6 7.93 -1.23 0.29 0.12 0.28 -0.09 0.07 0.06 0.05 0.07 0.12
R-DHg-6 2020/6 8.97 -1.17 0.25 0.07 0.18 -0.19 0.07 0.06 0.05 0.07 0.12
R-DHg-1 2020/7 10.12 -0.68 0.25 0.14 0.16 -0.23 0.07 0.06 0.05 0.07 0.12
R-DHg-2 2020/7 9.87 -0.87 0.36 0.15 0.25 0.03 0.07 0.06 0.05 0.07 0.12
R-DHg-3 2020/7 8.85 -1.35 0.34 0.07 0.15 -0.11 0.07 0.06 0.05 0.07 0.12
R-DHg-1 2020/8 12.65 -1.06 0.41 0.09 0.30 -0.10 0.09 0.06 0.05 0.07 0.15
R-DHg-2 2020/8 11.58 -0.84 0.41 0.20 0.22 -0.11 0.07 0.07 0.07 0.07 0.12
R-DHg-3 2020/8 6.21 -0.92 0.32 0.16 0.19 -0.10 0.07 0.07 0.07 0.07 0.12
R-DHg 2020/10 10.64 -0.40 0.25 0.03 0.19 -0.05 0.08 0.06 0.05 0.07 0.30
R-PHg 2020/3 7.97 -0.90 0.23 0.11 0.19 -0.11 0.10 0.06 0.06 0.08 0.12
R-PHg 2020/4 10.36 -1.35 0.25 0.11 0.15 -0.21 0.07 0.06 0.05 0.07 0.12
R-PHg 2020/5 33.09 -1.29 0.11 0.09 0.09 -0.17 0.07 0.06 0.05 0.07 0.12
R-PHg-1 2020/6 13.47 -1.15 0.14 0.06 0.10 -0.15 0.07 0.06 0.05 0.07 0.12
R-PHg-2 2020/6 5.98 -1.20 0.16 0.10 0.05 -0.12 0.07 0.06 0.05 0.07 0.12
R-PHg-3 2020/6 19.05 -1.10 0.28 0.08 0.35 -0.17 0.08 0.06 0.05 0.07 0.12
R-PHg-4 2020/6 9.91 -1.29 0.19 0.06 0.18 -0.12 0.08 0.06 0.05 0.07 0.12
R-PHg-5 2020/6 7.97 -1.30 0.07 0.05 0.01 -0.13 0.08 0.06 0.05 0.07 0.12
R-PHg-6 2020/6 5.09 -0.94 0.11 0.08 0.11 -0.26 0.07 0.06 0.05 0.07 0.12
R-PHg-7 2020/6 8.34 -0.89 0.07 0.06 0.06 -0.09 0.07 0.06 0.05 0.07 0.12
R-PHg-8 2020/6 3.79 -0.45 0.12 0.09 0.12 -0.11 0.15 0.09 0.05 0.07 0.12
R-PHg-9 2020/6 11.92 -0.41 0.37 0.08 0.26 -0.43 0.07 0.06 0.05 0.07 0.12
R-PHg 2020/7 7.12 -0.94 0.11 0.08 0.11 -0.26 0.07 0.06 0.05 0.07 0.12
R-PHg 2020/8 11.15 -2.77 0.11 0.04 0.05 -0.11 0.07 0.10 0.06 0.07 0.12
R-PHg 2020/10 8.65 -2.17 0.05 0.05 0.05 -0.06 0.07 0.10 0.06 0.07 0.12
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Table S4. Hg concentration and isotope compositions of atmospheric PBM samples in HFL.

PBM 3%2Hg A®*Hg A®Hg APHg A®Hg 3%2Hg A®*Hg A®Hg AP'Hg A®Hg
Sample ID Start time End time

pg m’ %o %o %o %o %o 2SD 2SD 2SD 2SD 2SD
PBM-1 2019/12/30 2020/12/31 46.82 -- - - -- -- -- - - - -
PBM-2 2020/1/17 2020/1/19 49.96 -1.23 0.19 0.08 0.08 0.00 0.07 0.06 0.05 0.07 0.12
PBM-3 2020/4/5 2020/417 48.43 -- - - -- -- -- - - - -
PBM-4 2020/4/15 2020/4/17 47.06 -1.95 0.23 0.05 0.24 -0.05 0.07 0.06 0.05 0.07 0.12
PBM-5 2020/4/23 2020/4/25 48.89 -1.95 0.23 0.05 0.24 -0.05 0.07 0.06 0.05 0.07 0.12
PBM-6 2020/5/9 2020/5/11 50.57 -1.05 0.40 0.02 0.27 -0.14 0.07 0.06 0.05 0.07 0.12
PBM-7 2020/5/11 2020/5/13 57.90 -1.39 0.28 0.06 0.08 -0.30 0.08 0.06 0.05 0.07 0.12
PBM-8 2020/5/22 2020/5/24 46.90 -1.40 0.19 0.06 0.13 -0.10 0.07 0.06 0.05 0.07 0.12
PBM-9 2020/6/10 2020/6/12 50.37 -1.45 0.28 0.06 0.24 -0.27 0.07 0.06 0.05 0.07 0.12
PBM-10 2020/6/16 2020/6/18 47.61 -1.34 0.35 0.15 0.23 -0.20 0.08 0.06 0.05 0.07 0.12
PBM-11 2020/7/4 2020/7/6 46.33 -1.13 0.27 0.17 0.16 -0.30 0.07 0.06 0.05 0.07 0.12
PBM-12 2020/7/28 2020/7/30 50.95 -- - - -- -- -- - - - -
PBM-13 2020/8/12 2020/8/14 56.57 -1.41 0.12 0.13 0.10 -0.17 0.07 0.06 0.06 0.07 0.12
PBM-14 2020/8/27 2020/8/29 53.69 -2.09 0.12 0.18 0.03 -0.16 0.07 0.06 0.05 0.07 0.12
PBM-15 2020/9/8 2020/9/10 49.56 -0.97 0.32 0.07 0.30 0.03 0.07 0.06 0.06 0.17 0.12
PBM-16 2020/9/18 2020/9/20 54.56 -0.93 0.19 0.05 0.18 -0.07 0.10 0.07 0.06 0.07 0.12
PBM-17 2020/10/8 2020/10/10 54.53 -1.61 0.21 0.03 0.05 -0.11 0.07 0.06 0.05 0.07 0.12
PBM-18 2020/10/19 2020/10/21 58.82 -1.86 0.39 0.10 0.26 -0.08 0.07 0.06 0.05 0.07 0.12
PBM-19 2020/10/28 2020/10/30 60.24 -1.85 0.12 0.11 0.05 -0.16 0.07 0.06 0.05 0.07 0.12
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Table S5. Hg concentration and isotope compositions of water samples from four rivers, including the Maiweng river (MW), Yangchang river (YC), Maxian river

(MX), and Houliu river (HL), that enter the HFL.

Sampling Hg conc 8%2Hg A¥Hg A®Hg A®Hg A®*Hg 8%2Hg A¥Hg A®Hg A®Hg A®*Hg
sample D time ng L* %o %o %o %o %o 25D 2SD 25D 2SD 2SD
MW-DHg-1 2021/3 3.05 -0.98 0.18 0.11 0.20 -0.15 0.08 0.06 0.06 0.07 0.12
MW-DHg-2 2021/7 3.58 -1.07 0.19 0.10 0.20 -0.06 0.08 0.06 0.06 0.07 0.12

YC-DHg-1-1 2021/3 3.76 -1.07 0.14 0.07 0.12 -0.04 0.07 0.06 0.09 0.10 0.12
YC-DHg-2-1 2021/7 3.58 -0.95 0.17 0.06 0.20 0.11 0.08 0.06 0.07 0.07 0.12
YC-DHg-1-2 2021/3 5.97 -1.03 0.18 0.08 0.24 -0.23 0.08 0.08 0.05 0.07 0.27
YC-DHg-2-2 2021/7 6.02 -1.39 0.19 0.08 0.20 -0.36 0.08 0.08 0.05 0.07 0.27
MX-DHg-1 2021/3 3.05 -0.97 0.17 0.05 0.17 -0.17 0.12 0.06 0.06 0.07 0.12
MX-DHg-2 2021/7 2.98 -0.90 0.14 0.06 0.17 0.19 0.12 0.06 0.06 0.07 0.12
HL-DHg-1 2021/3 4.20 -1.04 0.14 0.14 0.14 -0.37 0.08 0.06 0.06 0.07 0.12
HL-DHg-2 2021/7 4.08 -1.15 0.20 0.11 0.20 -0.20 0.07 0.07 0.06 0.07 0.21
MW-PHg-1 2021/3 8.27 -1.75 -0.03 0.01 -0.05 -0.01 0.07 0.07 0.06 0.07 0.21
MW-PHg-2 2021/7 8.42 -1.83 -0.08 0.01 -0.08 0.04 0.07 0.07 0.06 0.07 0.21
YC-PHg-1-1 2021/3 6.89 -1.55 -0.05 -0.02 -0.11 0.10 0.08 0.06 0.07 0.07 0.12
YC-PHg-2-1 2021/7 6.67 -1.46 -0.04 0.01 -0.09 -0.20 0.08 0.06 0.07 0.07 0.12
YC-PHg-1-2 2021/3 9.96 -1.92 -0.07 -0.03 -0.09 0.00 0.08 0.08 0.05 0.07 0.27
YC-PHg-2-2 2021/7 9.98 -1.89 -0.07 -0.02 -0.06 -0.03 0.07 0.06 0.09 0.10 0.12
MX-PHg-1 2021/3 13.69 -1.40 -0.04 0.00 -0.06 0.07 0.12 0.06 0.06 0.07 0.12
MX-PHg-2 2021/7 13.51 -1.30 -0.06 0.01 -0.05 -0.04 0.12 0.06 0.06 0.07 0.12
HL-PHg-1 2021/3 6.80 -1.77 -0.09 0.00 -0.07 -0.14 0.12 0.06 0.06 0.07 0.12
HL-PHg-2 2021/7 6.59 -1.62 -0.08 0.02 -0.05 0.12 0.12 0.06 0.06 0.07 0.12
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Table S6. Hg concentration and isotope compositions of runoff samples in HFL.

Sampling Hg conc 8%%2Hg A¥Hg A®Hg A'Hg A*Hg 8%%2Hg A¥Hg A*°Hg A®Hg A®*Hg

SR time ng L %o %o %o %o %0 2sD 2SD 2SD 2SD 2SD
Runoff-DHg-1 2020/7 19.24 -1.18 -0.07 -0.05 -0.07 0.07 0.07 0.06 0.05 0.07 0.12
Runoff-DHg-2 2020/7 10.94 -1.65 -0.15 -0.06 -0.15 -0.32 0.07 0.06 0.05 0.07 0.12
Runoff-DHg-1 2020/5 16.85 -0.94 -0.13 -0.04 -0.17 0.15 0.07 0.07 0.05 0.07 0.12
Runoff-DHg-2 2020/5 14.65 -0.90 -0.10 -0.06 -0.18 0.05 0.07 0.07 0.05 0.08 0.12
Runoff-DHg-3 2020/5 15.17 -1.30 -0.10 -0.05 -0.09 0.19 0.07 0.07 0.05 0.08 0.12
Runoff-DHg 2020/6 12.14 -0.76 -0.08 -0.04 -0.05 0.12 0.07 0.07 0.05 0.08 0.12
Runoff-PHg-1 2020/7 79.25 -1.40 -0.13 -0.04 -0.18 -0.03 0.07 0.10 0.06 0.07 0.12
Runoff-PHg-2 2020/7 75.75 -1.45 -0.16 -0.04 -0.19 0.01 0.09 0.09 0.05 0.07 0.19
Runoff-PHg-3 2020/7 70.25 -1.73 -0.11 -0.02 -0.13 -0.08 0.08 0.11 0.05 0.10 0.45
Runoff-PHg-4 2020/7 69.56 -2.04 -0.15 -0.03 -0.17 -0.09 0.10 0.06 0.05 0.10 0.12
Runoff-PHg-5 2020/7 65.31 -1.97 -0.11 -0.04 -0.11 -0.02 0.10 0.06 0.05 0.10 0.12
Runoff-PHg-6 2020/7 74.65 -2.01 -0.13 -0.04 -0.17 0.08 0.10 0.06 0.05 0.10 0.12
Runoff-PHg-1 2020/5 77.34 -1.55 -0.14 -0.04 -0.10 0.11 0.07 0.06 0.05 0.07 0.12
Runoff-PHg-2 2020/5 70.45 -1.62 -0.09 -0.05 -0.13 0.17 0.07 0.06 0.05 0.07 0.12
Runoff-PHg-3 2020/5 76.24 -1.69 -0.16 -0.04 -0.12 0.16 0.07 0.06 0.05 0.07 0.12
Runoff-PHg-4 2020/5 79.78 -1.47 -0.10 -0.05 -0.16 -0.03 0.07 0.06 0.05 0.07 0.12
Runoff-PHg-5 2020/5 69.45 -1.60 -0.11 -0.04 -0.17 0.14 0.07 0.06 0.05 0.07 0.12
Runoff-PHg-1 2020/6 69.45 -1.76 -0.11 -0.04 -0.16 -0.03 0.07 0.07 0.05 0.07 0.12
Runoff-PHg-2 2020/6 78.75 -1.78 -0.14 -0.07 -0.13 0.00 0.07 0.07 0.05 0.07 0.12
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Table S7. Hg concentration and isotope compositions of litterfall degradation samples in HFL.

Hg conc 62°2Hg AlQQHg AZOOHg AZOng A204Hg EZOZHg AlQQHg AZOOHg AZOng A204Hg

Sample ID

ng L %0 %0 %0 %0 %0 2SD 2SD 2SD 2SD 2SD
Litterfall-1 105.02 -1.71 -0.29 -0.04 -0.23 0.10 0.07 0.06 0.07 0.07 0.12
Litterfall-2 94.80 -1.63 -0.34 -0.04 -0.26 0.14 0.10 0.07 0.07 0.08 0.12
Litterfall-3 90.61 -1.19 -0.38 -0.01 -0.39 -0.15 0.07 0.06 0.07 0.07 0.12
Litterfall-4 120.57 -2.53 -0.09 -0.04 -0.09 -0.09 0.07 0.06 0.08 0.07 0.46
Litterfall-5 110.23 -2.38 -0.06 -0.04 -0.09 0.06 0.07 0.06 0.08 0.07 0.46
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Table S8. Concentrations and isotope compositions of dissolved Hg (DHg) in vertical profile in HFL. HFL-N and HFL-S represent the sampling site of northern and

southern catchment area, respectively, of Hongfeng lake.

Time Sample Depth Tem pH DOC Chl DO Hg 0%%2Hg | A®™Hg | A®Hg | A®!Hg | A?Hg | 8%2Hg | A®Hg | A®Hg | A®!Hg | A?“Hg
ID m °C mgL?! | ugL?! | mgL® | ngL? %o %o %o %o %o 2SD 25D 2SD 2SD 2SD
N-DHg 0 15.1 8.66 412 12.1 2.15 -1.06 0.14 0.04 0.09 -0.09 0.07 0.06 0.05 0.07 0.12
N-DHg 2 14.6 8.67 3.85 12.3 1.23 -0.91 0.08 0.14 0.01 -0.10 0.07 0.06 0.05 0.07 0.12
N-DHg 4 12.8 8.74 3.94 12.2 1.89 -1.04 0.19 0.04 0.09 -0.03 0.07 0.06 0.05 0.07 0.12
N-DHg 6 115 8.74 3.73 12.4 0.98 -0.83 0.18 0.14 0.11 0.01 0.09 0.06 0.05 0.12 0.12
N-DHg 8 10.6 8.67 3.45 115 1.25 -0.63 0.13 0.04 0.09 -0.10 0.07 0.06 0.05 0.07 0.12
N-DHg 10 9.8 8.64 3.12 7.44 0.87 -0.59 0.18 0.09 0.13 0.09 0.07 0.06 0.07 0.07 0.12
N-DHg 14 8.4 8.57 2.68 5.1 0.98 -1.21 0.13 0.04 0.19 -0.02 0.07 0.06 0.07 0.07 0.12
N-DHg 16 8.2 8.54 2.64 4.1 0.94 -0.80 0.28 0.02 0.08 -0.20 0.07 0.06 0.05 0.07 0.12
N-DHg 20 7.6 8.48 2.26 3.8 0.78 -1.02 0.15 -0.01 0.17 0.00 0.07 0.06 0.05 0.07 0.12
Winter N-DHg 24 6.8 8.52 1.98 3.6 0.61 -0.11 0.06 -0.01 0.08 0.00 0.07 0.06 0.05 0.07 0.12
N-DHg 28 5.9 8.53 1.56 3.2 0.48 -0.87 0.14 0.01 0.11 -0.04 0.07 0.07 0.09 0.07 0.12
S-DHg 0 12.65 8.89 2.89 13.2 1.56 -0.56 0.17 0.11 0.12 -0.13 0.07 0.06 0.05 0.07 0.12
S-DHg 2 10.65 8.88 3.12 12.5 1.45 -0.59 0.06 0.10 0.03 -0.15 0.07 0.06 0.05 0.07 0.12
S-DHg 4 9.56 8.87 3.42 11.9 1.64 -0.70 0.25 0.10 0.16 0.06 0.07 0.06 0.05 0.07 0.12
S-DHg 6 8.21 8.67 3.55 12.1 1.26 -0.94 0.18 0.03 0.07 -0.08 0.09 0.06 0.05 0.10 0.12
S-DHg 8 6.55 8.64 412 115 1.12 -1.46 0.14 0.03 0.17 -0.08 0.09 0.06 0.05 0.10 0.12
S-DHg 10 6.01 8.75 3.58 7.6 1.32 -1.31 0.14 0.06 0.10 0.01 0.07 0.06 0.05 0.07 0.20
S-DHg 14 5.22 8.72 3.65 4.6 0.95 0.33 0.11 0.06 0.14 -0.15 0.07 0.12 0.10 0.02 0.13
S-DHg 16 4.62 8.64 1.12 3.1 0.99 -0.86 0.23 0.00 0.19 -0.04 0.07 0.06 0.05 0.03 0.13
S-DHg 20 4.32 8.65 1.68 2.1 0.56 -1.09 0.18 0.01 0.11 -0.02 0.07 0.06 0.05 0.03 0.13
N-DHg 0 23.21 8.88 4.15 2.59 10.01 2.34 -0.79 0.20 0.02 0.19 -0.19 0.07 0.06 0.05 0.07 0.12
N-DHg 2 23.17 8.88 4.23 5.67 10.07 2.30 -1.55 0.40 0.08 0.31 -0.05 0.07 0.06 0.05 0.07 0.12
N-DHg 4 22.90 8.87 3.89 8.57 10.33 1.73 -2.11 0.34 0.11 0.14 -0.21 0.07 0.06 0.05 0.07 0.12
N-DHg 6 20.22 8.30 3.63 10.96 10.02 1.44 -1.21 0.28 0.10 0.19 -0.08 0.07 0.08 0.05 0.08 0.26
. N-DHg 8 16.51 8.78 3.26 9.25 9.49 1.82 -0.96 0.28 0.01 0.33 0.11 0.07 0.11 0.05 0.07 0.12
ety N-DHg 10 14.77 8.76 3.12 3.63 6.89 2.15 -1.14 0.25 0.01 0.12 0.01 0.07 0.06 0.05 0.07 0.12
N-DHg 14 13.45 8.91 2.98 0.83 5.46 1.73 -2.26 0.18 0.01 0.11 -0.02 0.07 0.06 0.05 0.07 0.12
N-DHg 16 12.48 8.82 2.75 0.36 3.79 0.64 -1.75 0.24 0.01 0.17 -0.563 0.12 0.06 0.05 0.10 0.16
N-DHg 20 11.80 8.69 2.64 -0.05 3.37 1.20 -0.79 0.26 0.05 0.26 0.10 0.07 0.11 0.05 0.07 0.12
N-DHg 24 11.40 8.66 2.31 -0.38 3.10 0.88 -0.97 0.28 -0.02 0.22 0.03 0.12 0.06 0.05 0.10 0.16
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S-DHg 0 23.88 9.25 4.86 11.31 11.97 2.45 -1.34 0.56 0.07 0.26 -0.07 0.12 0.13 0.05 0.07 0.27
S-DHg 2 23.70 9.24 4.75 20.65 12.04 2.27 -1.07 0.24 0.08 0.22 -0.10 0.07 0.06 0.06 0.07 0.17
S-DHg 4 23.29 9.22 4.62 13.28 11.05 1.80 -0.97 0.32 0.07 0.30 0.03 0.07 0.06 0.06 0.07 0.17
S-DHg 6 16.00 8.98 3.82 3.56 6.38 1.63 -1.35 0.35 -0.01 0.31 -0.04 0.07 0.06 0.06 0.17 0.16
S-DHg 10 15.20 8.90 3.58 2.59 191 2.62 -0.92 0.52 -0.01 0.32 -0.17 0.07 0.06 0.05 0.07 0.12
S-DHg 14 13.14 8.70 3.35 1.48 0.40 1.62 -1.14 0.38 0.08 0.22 0.03 0.12 0.13 0.05 0.07 0.27
S-DHg 16 12.35 8.60 2.98 0.85 0.29 1.04 -1.08 0.12 -0.01 0.02 0.00 0.07 0.06 0.05 0.07 0.12
S-DHg 20 12.05 8.57 3.12 0.91 0.27 1.68 -1.56 0.07 0.03 0.04 -0.08 0.07 0.06 0.05 0.07 0.12
N-DHg 0 25.06 8.51 4.23 7.51 6.11 2.10 -0.84 0.04 0.03 0.03 -0.08 0.07 0.06 0.05 0.07 0.12
N-DHg 2 25.07 8.55 3.89 8.74 6.02 1.93 -0.36 0.03 0.03 0.01 -0.11 0.07 0.06 0.05 0.07 0.12
N-DHg 4 25.06 8.57 3.56 8.93 5.99 1.90 -0.59 0.19 0.03 0.07 -0.09 0.12 0.06 0.05 0.07 0.12
N-DHg 6 25.06 8.59 3.58 8.45 5.87 1.85 -0.42 0.15 0.00 0.20 -0.12 0.07 0.06 0.05 0.07 0.12
N-DHg 8 25.06 8.60 3.00 8.49 5.79 2.08 -0.40 0.16 0.00 0.15 -0.11 0.12 0.06 0.05 0.07 0.12
N-DHg 10 25.06 8.60 3.05 8.55 5.77 1.17 -0.82 0.11 0.04 0.12 -0.01 0.07 0.06 0.05 0.07 0.12
N-DHg 12 24.88 8.59 3.15 1.02 3.15 1.31 -0.34 0.19 0.01 0.25 -0.02 0.08 0.06 0.05 0.07 0.12
N-DHg 14 23.97 8.45 3.01 0.08 0.93 1.69 -0.70 0.15 0.02 0.20 -0.02 0.11 0.06 0.05 0.07 0.13
N-DHg 16 23.51 8.42 2.98 0.00 0.71 1.24 -0.71 0.08 0.01 0.11 -0.01 0.08 0.06 0.05 0.07 0.12
N-DHg 18 23.14 8.39 2.64 0.00 0.49 1.30 -0.89 0.13 -0.02 0.13 -0.08 0.11 0.06 0.05 0.07 0.13
Summer N-DHg 20 22.85 8.34 2.58 0.01 0.38 0.93 -0.70 0.13 0.00 0.11 -0.13 0.12 0.06 0.05 0.07 0.12
N-DHg 24 22.70 8.28 2.48 0.17 0.33 1.34 -0.80 0.13 0.06 0.15 -0.08 0.12 0.06 0.05 0.07 0.12
N-DHg 28 2241 8.18 2.24 0.07 0.27 1.82 -0.70 0.11 -0.01 0.17 -0.04 0.07 0.06 0.05 0.07 0.12
S-DHg 0 24.54 8.5 4.58 6.26 6.99 2.56 -0.90 0.20 0.05 0.09 -0.08 0.11 0.06 0.05 0.09 0.12
S-DHg 2 24.55 8.52 4.35 8.08 6.91 2.58 -0.63 0.21 0.06 0.05 -0.09 0.11 0.06 0.05 0.09 0.12
S-DHg 4 24.55 8.54 3.98 8.47 6.87 1.91 -0.70 0.12 0.05 0.04 -0.04 0.07 0.10 0.07 0.07 0.12
S-DHg 6 24.54 8.55 3.84 8.58 6.81 1.96 -0.66 0.13 0.05 0.18 -0.04 0.07 0.23 0.05 0.07 0.12
S-DHg 8 24.53 8.56 3.56 8.50 6.75 1.15 -0.90 0.17 0.06 0.18 0.39 0.11 0.13 0.07 0.07 0.13
S-DHg 10 24.50 8.57 3.42 8.71 6.69 1.29 -0.66 0.10 0.00 0.13 0.29 0.11 0.13 0.07 0.07 0.13
S-DHg 14 24.46 8.59 3.15 8.71 6.25 1.99 -0.37 0.17 0.04 0.10 -0.01 0.07 0.23 0.05 0.07 0.12
S-DHg 16 23.03 8.59 2.87 0.53 2.89 0.63 -0.51 0.19 0.02 0.19 -0.02 0.12 0.06 0.05 0.07 0.12
S-DHg 18 22.97 8.43 2.32 0.60 1.11 0.54 -0.46 0.14 0.01 0.20 -0.04 0.07 0.06 0.05 0.07 0.12
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Table S9. Concentrations and isotope compositions of particulate Hg (PHg) in vertical profile at HFL. HFL-N and HFL-S represent the sampling site of northern

and southern catchment area, respectively, of Hongfeng lake.

Time Sample | Depth Hg Tem PH DOC DO Chl SPM Log | 8Hg | A™Hg | A®™Hg | A®Hg | A®Hg | 8%Hg | A™Hg | A*™Hg | A®Hg | A®*Hg

ID m ngL® | °c mgL?! | mgL? | ugl! | mgLt | Kau %o %o %o %o %o 2SD 2SD 2SD 2SD 2SD
N-PHg 0 389 | 1510 | 866 | 412 12.10 1059 | 523 | -1.31 -0.02 -0.03 -0.02 0.14 0.11 0.06 0.05 0.07 0.12
N-PHg 2 300 | 1460 | 867 | 385 12.30 895 | 544 | -1.31 -0.02 -0.03 -0.05 0.15 0.07 0.08 0.05 0.16 0.12
N-PHg 4 297 | 1280 | 874 | 394 12.20 906 | 524 | -1.44 0.02 -0.01 0.02 -0.15 0.07 0.08 0.05 0.16 0.12
N-PHg 6 298 | 1150 | 874 | 373 12.40 825 | 557 | -1.37 -0.05 0.01 -0.04 -0.03 0.07 0.06 0.05 0.07 0.16
N-PHg 8 2.90 | 10.60 | 867 | 345 11.50 958 [ 539 | -0.90 -0.03 0.03 -0.01 0.03 0.12 0.06 0.05 0.10 0.16
N-PHg 10 243 | 980 | 864 | 312 7.44 880 | 550 | -1.49 0.02 0.00 -0.05 -0.01 0.11 0.06 0.05 0.07 0.12
N-PHg 14 251 | 840 | 857 | 268 5.10 850 | 548 | -1.54 -0.03 -0.03 -0.04 -0.06 0.07 0.06 0.05 0.07 0.12
N-PHg 16 238 | 820 | 854 | 264 4.10 847 | 548 | -1.49 -0.03 -0.05 -0.03 0.04 0.07 0.06 0.05 0.07 0.12
N-PHg 20 204 | 760 | 848 | 226 3.80 736 | 555 | -152 0.03 -0.01 -0.01 0.02 0.07 0.06 0.05 0.07 0.12
Winter | N-PHg 24 283 | 680 | 852 | 198 3.60 737 | 580 | -1.65 -0.04 -0.05 -0.06 0.01 0.07 0.06 0.05 0.07 0.12
N-PHg 28 262 | 590 | 853 | 156 3.20 703 | 589 | -0.78 -0.04 -0.01 -0.05 0.02 0.07 0.11 0.05 0.07 0.12
S-PHg 0 424 | 1265 | 889 | 289 13.20 1162 | 537 | -1.35 -0.10 0.01 -0.14 -0.06 0.07 0.06 0.05 0.07 0.12
S-PHg 2 3.96 | 1065 | 888 | 3.2 12.50 1009 | 543 | -2.66 0.12 0.01 -0.13 -0.19 0.09 0.06 0.05 0.07 0.12
S-PHg 4 317 | 956 | 8.87 | 342 11.90 822 | 537 | -1.74 -0.09 0.04 -0.13 -0.12 0.07 0.06 0.05 0.07 0.12
S-PHg 6 388 | 821 | 867 | 355 12.10 852 | 551 | -1.34 -0.14 0.00 -0.16 -0.03 0.07 0.06 0.05 0.07 0.12
S-PHg 8 336 | 655 | 864 | 412 11.50 809 [ 557 | -143 -0.08 0.03 -0.08 -0.12 0.07 0.06 0.06 0.07 0.12
S-PHg 10 368 | 601 | 875 | 358 7.60 903 | 549 | -156 -0.07 -0.02 -0.08 -0.10 0.07 0.06 0.05 0.07 0.12
S-PHg 14 319 | 522 | 872 | 365 4.60 758 | 564 | -2.03 -0.10 -0.01 -0.16 -0.08 0.07 0.06 0.05 0.07 0.12
S-PHg 16 315 | 462 | 864 | 412 3.12 773 | 562 | 012 -0.02 -0.02 -0.02 -0.04 0.07 0.06 0.05 0.07 0.12
S-PHg 20 323 | 432 | 865 | 368 2.14 710 [ 591 | -1.87 -0.03 0.03 -0.05 -0.16 0.07 0.09 0.05 0.07 0.12
N-PHg 0 338 | 2321 | 888 | 415 10.01 2.59 896 | 521 | -155 -0.01 0.00 -0.02 0.07 0.07 0.06 0.06 0.07 0.12
N-PHg 2 297 | 2317 | 888 | 423 10.07 567 | 1029 | 510 | -1.80 -0.06 -0.01 -0.01 -0.04 0.10 0.06 0.06 0.08 0.12
N-PHg 4 347 | 2290 | 887 | 3.89 10.33 857 | 1001 | 530 | -1.40 0.01 0.00 -0.02 -0.07 0.07 0.06 0.06 0.07 0.12
N-PHg 6 418 | 2022 | 830 | 363 1002 | 1096 | 1060 | 544 | -2.24 -0.01 -0.02 -0.05 -0.20 0.07 0.06 0.06 0.07 0.12
N-PHg 8 320 | 1651 | 878 | 3.26 9.49 9.25 897 [ 5290 | -2.25 0.00 -0.01 0.01 -0.02 0.07 0.06 0.06 0.17 0.16
Spring | N-PHg 10 392 | 1477 | 876 | 312 6.89 3.63 957 | 528 | -2.44 -0.06 0.00 -0.03 -0.20 0.07 0.06 0.06 0.17 0.16
N-PHg 14 325 | 1345 | 891 | 298 5.46 0.83 880 [ 533 | -2.02 0.01 -0.02 0.05 -0.27 0.07 0.06 0.06 0.07 0.12
N-PHg 16 317 | 1248 | 882 | 275 3.79 0.36 912 [ 573 | -155 -0.07 0.00 -0.03 0.07 0.07 0.09 0.05 0.07 0.12
N-PHg 20 234 [ 1180 | 869 | 264 3.37 -0.05 600 | 551 | -1.81 -0.04 -0.02 -0.04 -0.16 0.07 0.06 0.06 0.07 0.12
N-PHg 24 187 | 1140 | 866 | 2.31 3.10 -0.38 716 | 547 | -1.44 -0.07 -0.03 -0.09 0.27 0.07 0.06 0.12 0.07 0.12
N-PHg 28 191 | 1123 ] 852 | 214 3.00 -0.50 2.20 -0.10 -0.04 -0.06 -0.01 0.10 0.07 0.14 0.07 0.12
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S-PHg 0 517 | 2388 | 9.25 4.86 11.97 11.31 813 | 541 | -1.32 -0.03 -0.02 -0.04 -0.06 0.07 0.06 0.05 0.07 0.16
S-PHg 2 396 | 2370 | 9.24 4.75 12.04 20.65 9.60 5.26 -1.33 0.02 0.00 0.00 -0.19 0.07 0.06 0.06 0.17 0.16
S-PHg 4 271 | 2329 | 9.22 462 11.05 13.28 818 | 527 | -2.17 -0.03 -0.01 -0.04 0.07 0.09 0.06 0.05 0.07 0.12
S-PHg 6 347 | 19.97 | 9.15 437 6.38 8.20 780 | 544 | -2.44 -0.11 -0.01 0.02 -0.25 0.12 0.13 0.05 0.07 0.27
S-PHg 10 232 | 1520 | 8.90 3.58 1.91 259 513 | 524 | -1.65 -0.04 -0.04 -0.04 -0.11 0.07 0.06 0.06 0.07 0.12
S-PHg 14 251 | 1314 | 8.70 3.35 0.40 1.48 682 | 536 | -1.36 -0.04 0.04 -0.03 0.14 0.07 0.06 0.05 0.07 0.12
S-PHg 16 224 | 1235 | 8.60 2.98 0.29 0.85 587 | 556 | -1.35 -0.06 -0.01 -0.08 0.12 0.07 0.06 0.05 0.10 0.12
S-PHg 20 254 | 12.05 | 857 3.12 0.27 0.91 504 | 548 | -1.82 -0.07 0.00 -0.07 -0.14 0.10 0.10 0.05 0.07 0.12
N-PHg 0 371 | 25.06 | 851 4.23 6.11 751 1050 | 523 | -1.44 -0.03 -0.03 -0.02 -0.06 0.10 0.07 0.06 0.07 0.12
N-PHg 2 305 | 2507 | 855 3.89 6.02 8.74 878 | 526 | -1.16 -0.06 -0.02 -0.05 -0.16 0.07 0.06 0.05 0.07 0.12
N-PHg 4 338 | 25.06 | 857 3.56 5.99 8.93 802 | 535 | -1.25 -0.06 -0.01 -0.05 -0.07 0.10 0.10 0.05 0.07 0.12
N-PHg 6 289 | 25.06 | 859 3.58 5.87 8.45 817 | 528 | -1.20 -0.05 -0.03 -0.03 -0.01 0.07 0.06 0.08 0.07 0.12
N-PHg 8 228 | 25.06 | 8.60 3.00 5.79 8.49 599 | 526 | -157 -0.03 -0.05 -0.06 -0.13 0.07 0.06 0.12 0.07 0.12
N-PHg 10 327 | 25.06 | 8.60 3.05 5.77 8.55 821 | 553 | -155 0.05 0.04 0.05 0.07 0.07 0.06 0.05 0.07 0.12
N-PHg 12 207 | 2488 | 859 3.15 3.15 1.02 630 | 540 | -1.28 -0.05 0.01 -0.02 0.10 0.07 0.06 0.05 0.07 0.12
N-PHg 14 238 | 2397 | 845 3.01 0.93 0.08 595 | 531 | -1.18 -0.07 0.00 -0.07 -0.12 0.08 0.06 0.05 0.07 0.12
N-PHg 16 172 | 2351 | 8.42 2.98 0.71 -0.04 710 | 529 | -1.15 -0.02 -0.04 -0.02 0.23 0.10 0.10 0.05 0.07 0.12
N-PHg 18 192 | 2314 | 8.39 2.64 0.49 0.00 6.46 | 536 | -1.40 -0.01 0.01 -0.01 -0.10 0.08 0.06 0.05 0.07 0.12
N-PHg 20 172 | 22.85 | 8.34 2.58 0.38 0.01 673 | 544 | -1.27 -0.02 -0.06 -0.01 -0.27 0.07 0.06 0.08 0.07 0.12
Summer | N-PHg 24 162 | 22.70 | 8.28 2.48 0.33 0.17 675 | 525 | -1.55 -0.03 0.01 0.00 -0.06 0.07 0.06 0.05 0.07 0.12
N-PHg 28 217 | 2241 | 818 2.24 0.27 0.07 527 | 536 | -1.63 -0.02 -0.02 -0.03 -0.01 0.08 0.06 0.05 0.07 0.12
S-PHg 0 330 | 2454 | 850 458 6.99 6.26 939 | 514 | -1.14 -0.14 -0.04 -0.15 0.07 0.08 0.06 0.05 0.07 0.12
S-PHg 2 343 | 2455 | 852 435 6.91 8.08 936 | 515 | -1.65 -0.07 0.00 -0.10 0.06 0.08 0.06 0.05 0.07 0.12
S-PHg 4 306 | 2455 | 854 3.98 6.87 8.47 760 | 532 | -1.61 -0.05 -0.01 -0.11 -0.02 0.07 0.06 0.05 0.08 0.12
S-PHg 6 293 | 2454 | 855 3.84 6.81 8.58 985 | 518 | -1.78 -0.11 -0.03 -0.12 0.11 0.07 0.07 0.05 0.07 0.12
S-PHg 8 287 | 2453 | 856 3.56 6.75 8.50 719 | 554 | -158 -0.08 -0.05 -0.06 0.16 0.07 0.07 0.05 0.07 0.12
S-PHg 10 300 | 2450 | 857 3.42 6.69 8.71 795 | 547 | -154 -0.17 -0.02 -0.22 0.09 0.07 0.06 0.05 0.07 0.12
S-PHg 12 266 | 24.48 | 858 3.21 6.62 8.77 -1.53 -0.15 -0.01 -0.21 0.06 0.07 0.07 0.05 0.07 0.12
S-PHg 14 298 | 24.46 | 859 3.15 6.25 8.71 593 | 540 | -153 -0.17 -0.05 -0.17 0.03 0.07 0.07 0.05 0.07 0.12
S-PHg 16 265 | 23.03 | 859 2.87 2.89 0.53 594 | 585 | -172 -0.02 -0.04 -0.11 -0.12 0.12 0.06 0.05 0.10 0.16
S-PHg 18 286 | 2297 | 843 2.32 1.11 0.60 575 | 596 | -1.81 -0.07 -0.05 -0.15 0.00 0.08 0.06 0.05 0.07 0.12
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Table S10. Hg concentration and isotope compositions of sediments in HFL.

Hg conc 3%2Hg A%9Hg A%0Hg AD1Hg AHg 3292Hg Al%9Hg A2Hg A®IHg | A?Hg
sample D ngg? %0 %0 %0 %0 %0 2SD 2SD 2SD 2SD 2SD
Sediment-1 511.03 -1.54 -0.13 -0.03 -0.09 0.09 0.07 0.06 0.07 0.07 0.14
Sediment-2 484.53 -1.60 -0.08 -0.04 -0.13 0.16 0.07 0.06 0.07 0.07 0.14
Sediment-3 464.60 -1.68 -0.05 -0.03 -0.12 0.14 0.07 0.06 0.07 0.07 0.14
Sediment-4 447.83 -1.47 -0.08 -0.04 -0.14 -0.05 0.07 0.07 0.07 0.09 0.12
Sediment-5 459.39 -1.59 -0.07 -0.04 -0.16 0.11 0.07 0.07 0.07 0.09 0.12
Sediment-6 442.87 -1.76 -0.09 -0.04 -0.07 0.02 0.07 0.07 0.07 0.09 0.12
Sediment-7 508.88 -1.77 -0.09 -0.04 -0.08 0.00 0.07 0.07 0.07 0.09 0.12
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Table S11. The chronology in sediment core of HFL. Note that HFL Reservoir was constructed

in 1960.
Depth Mass depth Age
Sample ID

cm g cm2 AD

HFL-1 1 0.06 2021
HFL-2 2 0.17 2021
HFL-3 3 0.26 2021
HFL-4 4 0.36 2020
HFL-5 5 0.49 2020
HFL-6 6 0.60 2019
HFL-7 7 0.70 2018
HFL-8 8 0.82 2018
HFL-9 9 0.95 2017
HFL-10 10 1.12 2016
HFL-11 11 1.28 2015
HFL-12 12 1.46 2014
HFL-13 13 1.64 2013
HFL-14 14 1.82 2012
HFL-15 15 2.01 2011
HFL-16 16 2.16 2011
HFL-17 17 2.34 2010
HFL-18 18 2.53 2009
HFL-19 19 2.75 2007
HFL-20 20 2.94 2006
HFL-21 21 3.12 2005
HFL-22 22 3.32 2004
HFL-23 23 3.47 2004
HFL-24 24 3.64 2003
HFL-25 25 3.86 2001
HFL-26 26 4.08 2000
HFL-27 27 431 1999
HFL-28 28 454 1998
HFL-29 29 4.79 1996
HFL-30 30 5.05 1995
HFL-31 31 5.30 1994
HFL-32 32 5.53 1993
HFL-33 33 5.83 1991
HFL-34 34 6.22 1989
HFL-35 35 6.68 1986
HFL-36 36 7.16 1984
HFL-37 37 7.66 1981
HFL-38 38 8.19 1978
HFL-39 39 8.71 1975
HFL-40 40 9.30 1972
HFL-41 41 9.86 1969
HFL-42 42 10.37 1967
HFL-43 43 10.93 1964
HFL-44 44 11.41 1961
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