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• Hg isotope composition indicate the
sources of Hg in coal.

• The hydrothermal activity increases the
Hg content and Δ199Hg value in coal.

• Hg in coal mainly comes from vegeta-
tion Hg reservoir and marine Hg
reservoir.
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A B S T R A C T

Understanding the sources of mercury (Hg) in coal is crucial for understanding the natural Hg cycle in the Earth's
system, as coal is a natural Hg reservoir. We conducted analyses on the mass-dependent fractionation (MDF),
reported as δ202Hg, and mass-independent fractionation (MIF), reported as Δ199Hg, of Hg isotopes among in-
dividual Hg species and total Hg (THg) in Chinese coal samples. This data, supplemented by a review of prior
research, allowed us to discern the varying trend of THg isotope fractionation with coal THg content. The Hg
isotopic composition among identified Hg species in coal manifests notable disparities, with species exhibiting
higher thermal stability tending to have heavier δ202Hg values, whereas HgS species typically display the most
negative Δ199Hg values. The sources of Hg in coal are predominantly attributed to Hg accumulation from the
original plant material and subsequent input from hydrothermal activity. Hg infiltrates peat swamps via vege-
tation debris, thus acquiring a negative Δ199Hg isotopic signature. Large-scale lithospheric Hg recycling via plate
tectonics facilitates the transfer of Hg with a positive Δ199Hg from marine reservoirs to the deep crust. The later-
stage hydrothermal input of Hg with a positive Δ199Hg enhances coal Hg content. This process has resulted in an
upward trend of Δ199Hg values corresponding with the increase in coal THg content, ultimately leading to near-
zero Δ199Hg in high-Hg coals. Coal Hg reservoirs are affected by large-scale natural Hg cycling, which involves
the exchange of Hg between continents and seas.
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1. Introduction

Neurotoxic mercury (Hg) is dispersed globally via long-range atmo-
spheric transport of elemental Hg (Kwon et al., 2020; Tsui et al., 2020).
In addition to Hg deposits, coal deposits are the primary geological

reservoirs of Hg, containing approximately 3.6 times more Hg than the
average Hg concentration in the Earth's crust (Cao et al., 2021).
Approximately 21 % of the estimated 2220 t global inventory of annual
anthropogenic Hg emissions to the atmosphere can be attributed to coal
combustion (Cao et al., 2021). A better understanding of the sources of
Hg in coal, which is a significant geological reservoir for Hg, is crucial
for comprehending the natural Hg cycle in the Earth system.

Stable Hg isotopes offer a perspective for studying the sources and
migration processes of Hg in environmental media (Blum et al., 2014;
Yin et al., 2014a; Yuan et al., 2023). Almost all physicochemical pro-
cesses result in mass-dependent fractionation (MDF), whereas mass-
independent fractionation (MIF) is mainly related to photo-induced
reduction processes (Bergquist and Blum, 2007; Biswas et al., 2008;
Buchachenko, 2018). The Δ199Hg/Δ201Hg ratio is used to reflect
different photodegradation and redox processes in the environment
(Bergquist and Blum, 2007; Zheng et al., 2010), such as methylmercury
photodegradation (Δ199Hg/Δ201Hg ~ 1.3) (Bergquist and Blum, 2007),
gaseous Hg0 oxidation by Br radicals (Δ199Hg/Δ201Hg 1.64), gaseous
Hg0 oxidation by Cl radicals (Δ199Hg/Δ201Hg 1.89) (Sun et al., 2016b),
and inorganic HgII photoreduction (commonly using Δ199Hg/Δ201Hg ~
1.0 as a reference (Blum and Bergquist, 2007)), with a wider range of
0.9–1.4 also being reported (Zheng and Hintelmann, 2009; Motta et al.,
2020). Usually, marine Hg reservoirs (marine sediments and seawater)
exhibit positive Δ199Hg (Bergquist and Blum, 2007; Jackson et al.,
2008), whereas terrestrial reservoirs (soil and vegetation) exhibit
negative Δ199Hg (Yin et al., 2010a; Demers et al., 2013; Zhang et al.,
2013; Blum et al., 2014; Sun et al., 2016a; Kwon et al., 2020). Primitive
earth crust andmantle haveΔ199Hg values close to zero (Lefticariu et al.,
2011; Yin et al., 2014b; Lepak et al., 2022). These differences in Δ199Hg
values provides additional information for tracing the sources and fate
of Hg in the environment.

The results of previous studies suggest that the Hg inventory of coal
may be influenced by multiple factors, such as source areas, prevalence
of coal-forming plants, paleoclimate, coalification degree, and hydro-
thermal action (Ren et al., 1999; Dai et al., 2012; Munir et al., 2018).
However, the uncertainty associated with these factors constrain our
understanding of the key sources of Hg in coal. To better understand the
geochemical processes of Hg in coal deposits, we conducted analyses on
the MDF (reported as δ202Hg) and MIF (reported as Δ199Hg) of Hg iso-
topes among individual Hg species and total Hg (THg) in coal samples,
supplemented by a review of prior research data to discern the variation
in the trend of THg isotope fractionation with coal THg content. In
combination with previous research, the results of this study allow for
more accurate identification of the sources of Hg in coal based on evi-
dence from Hg isotopes.

2. Materials and methods

2.1. Analysis of Hg speciation in coal

The Hg species in coal were determined using the thermodynamic
fingerprints of Hg (Biester and Nehrke, 1997; Milobowski et al., 2001;
Lopez-Anton et al., 2010). This method is based on the principle that
different Hg species in coal have different thermal stabilities under inert
atmospheric conditions, which leads to their release and decomposition
within specific temperature ranges when subjected to temperature
programmed desorption (TPD) (Biester and Nehrke, 1997; Milobowski
et al., 2001; Lopez-Anton et al., 2010; Rumayor et al., 2013; Rumayor
et al., 2015a, 2015b, and 2015c). The stability and reproducibility of the
Hg release curve for each sample were verified (Biester and Nehrke,
1997). The experimental details have been documented previously (Cao
et al., 2020a and 2020b). In brief, coal samples, which were ground and
sieved through a 200-mesh sieve, were subjected to analysis under an
argon atmosphere, using a heating rate of 10 ◦C/min in the temperature
range of 30–700 ◦C. Throughout the pyrolysis process, a Pyro-915+
pyrolyzer and a Lumex RA-915 Hg analyzer were connected in series to

Fig. 1. Spatial distribution of Hg content, δ202Hg, and Δ199Hg signatures in
Chinese coal. The data in the figures is from previous reports (Biswas et al.,
2008; Yin et al., 2014b; Sun et al., 2014 and 2016a; Cao et al., 2021).
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continuously monitor the atomic absorption spectroscopy (AAS) signals
of Hg. The thermodynamic fingerprint properties of standard Hg com-
pounds were used to identify Hg species in the coals, including char-
acteristic pyrolysis intervals and Hg peaks associated with specific
species. Origin software was used to deconvolve the multipeaked AAS
Hg signal curve, thereby recovering the individual underlying peaks.

Eight coal samples were collected from various coal-bearing areas in
China. The coal samples were numbered as follows: (1) Hami coal mine,
Xinjiang Province; (2) Lvtang coal mine, Guizhou Province; (3)
Chuannan coal mine, Sichuan Province; (4) Shengli coal mine, Inner
Mongolia; (5) Dafang coal mine, Guizhou Province; (6) Guiding coal
mine, Guizhou Province; (7) Weixin coal mine, Yunnan Province; and
(8) Tangshan coal mine, Hebei Province. The coal samples were
collected from underground mines and stored in sealed bags.

2.2. Hg isotope sample pre-enrichment for a single Hg species and THg

The pre-enrichment process to prepare Hg isotope samples from a
single Hg species in coal was as follows. Initially, the main temperature
decomposition ranges corresponding to different Hg species were
determined based on the deconvolution results of the TPD-AAS Hg signal
curve. To separate the thermal decomposition stages of different Hg
species, the TPD heating program was modified, adding a 6-min tem-
perature hold at the mid-temperature point where different Hg signal
peaks intersected. Subsequently, TPD was performed again. A gas ab-
sorption bottle containing 5.0 mL of reverse aqua regia solution
(VHNO3 /VHCl = 2:1) was used to capture the Hg gas released from the
thermal decomposition stage of a single Hg species, completing the pre-
enrichment process. The replacement of absorption bottles occurred at
the end of the temperature hold stage (last 2 min) to prepare for the pre-
enrichment of Hg isotope samples from the next Hg species.

Similarly, the tube furnace heating method was employed to pre-
enrich Hg isotope samples of THg in coal. The coal samples were heat-
ed from 30 ◦C to 700 ◦C in an argon atmosphere at a rate of 10 ◦C/min,
while capturing the released Hg gas with reverse aqua regia during the
pyrolysis process.

2.3. Hg content and Hg isotope analysis

The THg content of the coal samples was measured using a DMA-80
Hg analyzer. Hg concentrations in the reverse aqua regia solutions were
determined using a Tekran 2500 Hg analyzer, following the US-EPA
method 1631 (Wang et al., 2020a, 2020b).

The Neptune Plus Multi-Collector inductively coupled plasma mass
spectrometer (MC-ICP-MS) used for Hg isotopic analyses includes an
online Hg0 vapor generation system for sample introduction and a
desolvating nebulizer for the Tl internal standard (NIST SRM 997)
introduction (Yin et al., 2010b). The measurements were calibrated
using standard-bracketing with NIST3133, following our previously
published methods. The results of the MDF and MIF analyses were re-
ported as follows (Blum and Bergquist, 2007):

δ202Hg (‰) =
[( 202Hg

/ 198Hg
)

sample

/( 202Hg
/ 198Hg

)

NIST3133 − 1
]
×1000

(1)

ΔxxxHg (‰) = δxxxHg − βxxx × δ202Hg (2)

The mass-dependent scaling factor βxxx for each Hg isotope is as
follows: 0.252 for 199Hg, 0.502 for 200Hg, and 0.752 for 201Hg.

2.4. Quality assurance and quality control

The THg recovery rate in the coal samples, as determined using
reverse aqua regia, was 95 ± 8 % (2σ, n = 12), thereby confirming the
reliability of our Hg recovery process. The Hg isotope composition of
THg derived from the Hg content and isotope data obtained during the
stepwise pyrolysis process exhibited minimal deviation from the directly
measured THg isotope composition (Supporting Information, Section
S1). Consequently, the Hg recovery rate achieved through stepwise
pyrolysis was consistent with the analytical requirements. The standard
reference NIST 3177 was analyzed repeatedly to obtain the analytical
uncertainty of isotopic compositions during the instrumental proced-
ures. The isotopic compositions of NIST 3177 (δ202Hg = − 0.50 ± 0.08
‰, Δ199Hg = − 0.01 ± 0.05‰, Δ200Hg = 0.00 ± 0.04‰, and Δ201Hg =

− 0.01 ± 0.07 ‰, 2 SD, n = 10) were in agreement with previously re-
ported values (Fu et al., 2021; Liu et al., 2023).

3. Results

3.1. Hg isotope composition of THg in coal

The δ202Hg values of THg in surveyed coal samples revealed a broad
range from − 1.84 to − 0.62 ‰ (n = 8, Table S1). The Δ199Hg values of
THg ranged from − 0.18 to − 0.02‰ (n = 8). They are both distributed
within the δ202Hg and Δ199Hg dataset range of Chinese coal (Fig. 1). The
linear regression slope of Δ199Hg versus Δ201Hg for THg isotopes in the
investigated coals was found to be 0.99 ± 0.07 (Fig. 2b), which is

Fig. 2. Slope of Δ199Hg versus Δ201Hg in coal. The data in A is from Yin et al. (2014b), and Sun et al. (2014 and 2016a). The data in B is results of this work.
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consistent with previous observations on coal from China and other
countries (Biswas et al., 2008; Yin et al., 2014b; Sun et al., 2016a). The
slope of Δ199Hg versus Δ201Hg of ~1.0 is an important characteristic of
THg isotopes in coal. This indicates that a portion of the Hg was sub-
jected to photoreduction prior to being incorporated into coal.

The δ202Hg and Δ199Hg values of THg in Chinese coals exhibited
significant variations. δ202Hg values range from − 3.07 to 0.92‰, with
the average value of − 1.00 ‰ (n = 122; Yin et al., 2014b; Sun et al.,
2016a, 2016b). Δ199Hg values range from − 0.43 to 0.67 ‰, with the
average value of − 0.03 (n = 122). The average values are more positive
than the average δ202Hg (− 1.16 ± 0.79‰) and Δ199Hg (− 0.11 ± 0.18
‰) in world coal deposits (Sun et al., 2016a, 2016b). In China, Hg
isotope fractionation characteristics are similar within the same coal-
bearing area, whereas distinguishable differences exist between

different coal-bearing areas. Outliers showing significant deviations
from the typical range were observed in various regions, similar to the
spatial characteristics of THg content (Fig. 1).

3.2. Hg species in coal

Distinguishable Hg compounds were observed in the studied coal
samples, as evidenced by the continuous monitoring of Hg signals using
TPD-AAS (Fig. 3). The Hg content of the 8 analyzed Chinese coal samples
ranged from 10 to 912 ng/g, which is within the range of Hg content in
most Chinese coal samples (Fig. 1A) and serves as a representative of the
different levels of Hg content. Except for the No. 1 coal sample, all the
samples displayed multiple peaks in the Hg signal, indicating a stepwise
release Hg from individual Hg bearing species during the uniform

Fig. 3. The isotope composition of THg and single Hg species in coal. The top curves illustrates the continuous monitoring of AAS Hg signals (Part of the data is from
Cao et al., 2020a.). The background colors correspond to the thermal decomposition ranges of different Hg species, as well as the temperature ranges used for
obtaining corresponding Hg isotope samples. The color-coding of the various Hg species in the bar chart reflects their corresponding Hg isotope data. The purple bar
chart represents the isotope composition of THg.
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temperature ramping process from 30 to 700 ◦C. The number and in-
tensity of peaks in the coal samples from diverse regions exhibited
variability, indicating variations in both species and Hg content. Distinct
concentration peaks were observed with high frequency at central
temperatures around 240, 310, and 540 ◦C, corresponding to tempera-
ture ranges of 200–270, 250–380, and 480–600 ◦C, respectively, with
minor variations. Comparing the thermal fingerprint characteristics of
standard Hg compounds (Milobowski et al., 2001; Lopez-Anton et al.,
2010; Rumayor et al., 2013; Rumayor et al., 2015a, 2015b, and 2015c;
Guo et al., 2018), the sources of Hg release within the aforementioned
temperature ranges are attributed to Hg-OM (Hg bound to organic
matter), HgS, and HgSO4, respectively. In simpler terms, the Hg species
in coal mainly include HgS, HgSO4, and Hg-OM, with an average content
ratio of 5 ± 7, 47 ± 27, and 47 ± 28 %, respectively.

4. Discussion

4.1. Varying trend of Δ199Hg in coal with THg content

Based on previous reports on Hg isotope composition in coal
(Lefticariu et al., 2011; Yin et al., 2014b; Sun et al., 2014 and 2016a), the
variation patterns of Δ199Hg with increasing Hg content in coal have
been summarized (Fig. 4). The THg concentrations shown in Fig. 4 range
from 0 to 600 ng/g, with Δ199Hg values spanning from − 0.55 to 0.04‰
and δ202Hg values ranging from − 3.90 to 0.70‰, thereby encompassing
the main distribution range of Hg concentration in coal. Δ199Hg exhibits
an increasing trend with increasing Hg content in coal from 0 to 600 ng/
g, with a rise of 0.11‰ (t-test, p < 0.05). This indicates that the increase

in Hg content in coal is because of the replenishment of Hg inventory by
the Hg source with positive Δ199Hg.

Large-magnitude MIF only occurs during photochemical reactions in
surface environments; thus, theoretically, the absence of light under-
ground does not trigger MIF of Hg isotopes (Blum et al., 2014; Gao et al.,
2024). Therefore, pronounced Δ199Hg signals observed in various hy-
drothermal systems in convergent margins and intracontinental settings
indicate the input of external Hg sources (Yin et al., 2023). Small and
significant positive Δ199Hg values have been observed in various hy-
drothermal systems, such as hydrothermal fluid samples (0.11–0.56‰;
Sherman et al., 2009), Mo deposits (0.10 ± 0.07 ‰; Gao et al., 2024),
and mantle (Yin et al., 2023). Recent studies have attempted to establish
the geochemical cycle models to explain the deep cycling of Hg on Earth
involved in large-scale translithospheric Hg exchange (Deng et al., 2021;
Gao et al., 2024; Yin et al., 2023; Yin et al., 2022). In summary, marine
Hg reservoirs with positive Δ199Hg (such as seawater and ocean sedi-
ments) can enter continental reservoirs (e.g., the crust and mantle)
through subduction of the oceanic crust, and migrate upward again with
magma or hydrothermal activity. Zheng et al. (2007) pointed out that
the Hg content in Chinese coal increased with an increase in coal rank.
The average Hg content is reflected as follows: lignite (0.09 ± 0.36 mg/
kg, n = 903) < bituminous coal (0.3 ± 0.31 mg/kg, n = 138) <

anthracite (0.84 ± 4.26 mg/kg, n = 217). A similar trend is reflected in
global coal: lignite < sub-bituminous coal < bituminous coal <

anthracite (Sun et al., 2016a). During the coal formation process, hy-
drothermal activity promotes the coal rank (Sun et al., 2016a, 2016b;
Liu et al., 2020). The initial accumulation of Hg in coal is because of
vegetation debris, which is characterized by negative Δ199Hg

Fig. 3. (continued).

Fig. 4. Variation trends of Δ199Hg in coal with THg enrichment.
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characteristics; this original accumulation of Hg is generally low con-
centration. Therefore, considering the results shown in Fig. 4, we
interpret the variation of Δ199Hg in coal with Hg content as indicative of
the Hg input caused by hydrothermal fluid with positive Δ199Hg in
shallow continents; the Hg in the hydrothermal systems circulates from

marine reservoirs with positive Δ199Hg.
The process of trace element enrichment in coal is complicated.

Overall, the accumulation of elements in coal is classified into two
groups: accumulation from plant material and accumulation from
geological processes that occur in the peat and post-peatification stages

Fig. 5. Hg isotope correlation diagrams discriminate between coal, vegetation, and marine Hg reservoirs. The reference data for coal (this study and Yin et al.,
2014b; Sun et al., 2016a, 2016b), vegetation (Estrade et al., 2010; Demers et al., 2013; Yu et al., 2016), seawater (Štrok et al., 2015), marine sediments (Gehrke et al.,
2009; Grasby et al., 2017; Yin et al., 2017 and 2022; Yu et al., 2016), marine low-temperature hydrothermal deposits (Deng et al., 2021; Yin et al., 2022) can be found
in the references.
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(Bouška et al., 2000). The theory of coal accumulation in continental
facies and transgressive processes has been utilized to elucidate coal
formation patterns (Diessel, 1992). The coal reservoir showed Δ199Hg/
Δ201Hg of ~1, indicating that it has been subjected to photoreduction
process, which is consistent with the characteristics of vegetations and
marine reservoirs (Fig. 5b). The photochemical reduction of HgII com-
plexed with thiol ligands can preferentially release odd-mass-number
isotopes of Hg, thereby generating negative Δ199Hg in the residual
fraction. This mechanism has been proposed to elucidate the develop-
ment of observed negative Δ199Hg signatures in HgII deposited from the
atmosphere onto foliage surfaces, potentially offering a general expla-
nation for the negative Δ199Hg values observed in vegetation reservoirs
(Zheng and Hintelmann, 2010; Blum et al., 2014). Conversely, the pri-
mary input of mercury into the oceans occurs via wet deposition of HgII,
leading to positive Δ199Hg values in marine reservoirs (Bergquist and
Blum, 2007; Jackson et al., 2008). Typical coal deposits controlled by
marine environments include the Late Permian coals from Guiding and
Ziyun in Guizhou Province, Heshan in Guangxi Province, and Yanshan
in Yunnan Province (Dai et al., 2012). Nevertheless, the substantial
enrichment of trace elements in coal is frequently associated with the
influence of epigenetic hydrothermal fluids (Dai et al., 2012). In addi-
tion, a small amount of coal samples were detected to have a signifi-
cantly positive Δ199Hg (Fig. 5a), which may be because of the
hydrothermal fluid reaching the surface and being again affected by
surface photochemical reduction (Sherman et al., 2009). Similar phe-
nomena have been reported in the analyses of coal from China (Guizhou,
Shanxi, Anhui, Inner Mongolia), India, Mongolia, Ukraine, and Romania
(Transylvania) (Yudovich and Ketris, 2005a, 2005b; Biswas et al., 2008;
Yan et al., 2013; Yin et al., 2014b; Sun et al., 2016a).

4.2. Hg isotope composition of the single Hg species in coal

In Fig. 3, we illustrate the δ202Hg and Δ199Hg of individual Hg spe-
cies in the coal samples. In the case of No. 1 coal, which exhibited a
single Hg component (HgS), the Hg isotope characteristics (δ202Hg and
Δ199Hg) obtained within the temperature range of 270–380 ◦C (δ202Hg:
− 1.82‰; Δ199Hg: − 0.20‰) highly match the isotopic characteristics of
THg (obtained within 30–700 ◦C, δ202Hg: − 1.84‰; Δ199Hg: − 0.18‰).
As for δ202Hg, although significant differences were observed in THg
content and its δ202Hg values among all the coal samples, the trend in
δ202Hg signatures among different Hg species is evident. Hg species with
relatively weak thermal stability tended to have lighter δ202Hg values
(Fig. 6a). As an example, in No. 6 coal, the first Hg species (Hg-OM),
representing the least thermally stable species, exhibited the lightest

δ202Hg value of − 1.45‰. The second Hg species (HgS), identified in the
intermediate temperature range, showed a relatively heavier δ202Hg
value of − 0.96 ‰. HgSO4, representing the most stable species, had a
heavier δ202Hg value of − 0.80 ‰, differing by up to 0.65 ‰. These re-
sults indicated that lighter Hg isotopes were more enriched in Hg species
with weaker thermal stability in coal. Similarly, lighter Hg isotopes are
preferentially released during ore roasting processes (Wiederhold et al.,
2013).

For MIF, the Δ199Hg value of a single Hg species might be obscured
or weakened when analyzing THg isotopes. For example, in the case of
No.5 coal, the Δ199Hg value of THg was − 0.02‰, without obvious MIF.
However, closer examination revealed that the HgS component exhibi-
ted a clear Δ199Hg value of − 0.14‰. Similar phenomena were observed
in other samples, such as samples No. 3, 6, and 7. This phenomenon is
easily understood as the dilution effect of other Hg species, leading to
weakening of the MIF signal intensity of individual Hg species. In most
coal samples, the MIF characteristics of different Hg species within the
Hg pool were not parallel. Generally, HgS exhibited significantly nega-
tive MIF characteristics, followed by HgSO4, whereas the MIF of Hg-OM
was not significant (Fig. 6b).

Significant correlations were observed between the Hg contents of
various single Hg species and THg in coal (Table S2). The correlation
coefficients between Hg-OM, HgS, HgSO4, and THg are 0.99 (p < 0.01),
0.85 (p < 0.01), and 0.94 (p < 0.01), respectively. However, the bulk
analysis results do not exhibit a clear correlation between THg content
and the THg isotopic composition (δ202Hg and Δ199Hg). This indicates
that the formation and retention mechanisms of different Hg species are
inconsistent.

HgS is a Hg species present in every coal sample, displaying a more
negativeΔ199Hg signature (Fig. 6b). A significant correlation is observed
between the Δ199Hg value of HgS and the Δ199Hg value of THg
(Table S2). This indicates that the HgS species play a key role in con-
trolling the isotopic composition of THg in coal. Manceau et al. (2018)
observed HgS nanoparticles in the intact leaves of 22 native plants in
China using high-energy-resolution X-ray absorption near-edge struc-
ture spectroscopy, which accounted for 57 % of the total Hg content,
while the rest were designated as dithiolate complexes (Hg(SR)2). In
addition, the Hg carried by hydrothermal processes into coal deposits
was mainly discovered in the form of HgS, accompanied by pyrite
(Yudovich and Ketris, 2005a, 2005b). Therefore, based on the previous
discussion, we suggest that the HgS in low-Hg coal mainly originates
from plants, whereas the addition of Hg frommarine sources forms high-
Hg coal, which is also added in the form of HgS. Although the addition of
marine source Hg partially offsets negative Δ199Hg values, theΔ199Hg of

Fig. 6. Box plots showing variations of δ202Hg and Δ199Hg with Hg species.
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HgS remains negative, depending on the difference in Δ199Hg between
marine and vegetation storage and the proportion of input. For HgSO4, it
exhibits a slight negative Δ199Hg characteristic (Fig. 6b). Cao et al.
(2020b) pointed out that HgS in coal can be transformed into HgSO4
during weathering. Therefore, we speculate that HgSO4 was derived
from partial initial HgS conversion. We cannot yet provide a clear un-
derstanding of the formation mechanism of Hg-OM because of lack of
research evidence on a single Hg species in coal. This was speculated to
be related to the inheritance of organically bound Hg in vegetation and
the chemical fixation of weakly bound Hg by organic matter during coal
formation.

5. Conclusions

Hg inventory in coal deposits is a result of the natural Hg cycle. The
initial accumulation of Hg in coal originates from vegetation debris in
peat swamps, with the Hg isotopic signature of negative Δ199Hg. Large-
scale lithospheric Hg recycling via plate tectonics enables the transfer of
Hg with a positive Δ199Hg from marine reservoirs to the deep crust. The
later hydrothermal activity increased the coal rank and imported marine
source Hg, resulting in the increase of Hg content and Δ199Hg value in
coal.
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