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HIGHLIGHTS

e Long-term decreasing trend of GEM was observed at an urban site in eastern China.
o The decrease in anthropogenic emissions was mostly responsible for the GEM decreases.
o The joint efforts to reduce air pollution also had a major impact on GEM’s decrease.
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ABSTRACT

Long-term observations (June 2014 to June 2022) of atmospheric mercury (Hg) mass concentrations were
conducted at an urban site in Nanjing, eastern China, together with other air pollutants. Throughout the sam-
pling period, gaseous elemental mercury (GEM) exhibited a substantial decline from 5.41 + 1.49 ng m° in 2014
to 2.17 + 1.26 ng m > in 2022. The monthly mean concentrations of GEM displayed a significant downward
trend, with a rate of 0.36 ng m > yr~! (—7% yr~!). To identify the potential sources contributing to the observed
GEM levels, positive matrix factorization (PMF) analysis was employed in conjunction with other relevant
pollutants. The results revealed that the natural and anthropogenic emissions played comparable roles in shaping
the measured GEM concentrations, with the reduction of coal combustion emissions being the primary driver
behind the observed declines at this site. Furthermore, GEOS-Chem simulations suggested a substantial reduction
of anthropogenic emissions in eastern China in recent years. This study highlights the decreasing trend of GEM
concentrations in eastern China over the past decade, which is attributed to the combined efforts in air pollutant
controls, resulting in the synergistic mitigation of Hg from the atmosphere.

1. Introduction

approximately three to four times compared to pre-industrial levels
(Obrist et al., 2018; UN-Environment, 2019). Recent research indicates

Mercury (Hg) is a highly toxic neurotoxin that poses significant
health risks to both humans and wildlife (Wu et al., 2020; Zhang et al.,
2021). Once released into the atmosphere, mercury can be transported
globally through atmospheric circulation, leading to widespread Hg
pollution (Holmes et al., 2010; Selin et al., 2008). Atmospheric Hg
originates from both natural sources, such as volcanic eruptions, hy-
drothermal vents, and anthropogenic activities, including coal com-
bustion and industrial processes (Beckers and Rinklebe, 2017; Obrist
et al., 2018). Since the Industrial Revolution, anthropogenic emissions
have caused global atmospheric Hg deposition fluxes to increase
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that the global health effects of methylmercury (MeHg) exposure for the
general population amount to $117 per year at present levels (Zhang
et al., 2021). In order to mitigate the detrimental effects of Hg exposure
on human health, the Minamata Convention on Mercury was implemented
worldwide in August 2017 (UNEP, 2013).

Atmospheric Hg is mainly in the form of gaseous elemental Hg (Hg®,
GEM) (>90%) that can retain in the air for months, enabling its global
transport (Shah et al., 2021; Zhang et al., 2023b). GEM can undergo
oxidation by oxidants such as bromine (Br), chlorine (Cl), hydroxyl
radicals (OH), and ozone (Os), leading to the formation of gaseous
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oxidized mercury (HgZ*, GOM), which can be absorbed onto particulate
matter, forming particle-bound mercury (HgP, PBM) (Horowitz et al.,
2017; Shah et al., 2021). Both GOM and PBM are water-soluble and can
be efficiently removed from the atmosphere through wet and dry
deposition processes (Pacyna et al., 2016; Saiz-Lopez et al., 2018).
Consequently, the residence time of GOM and PBM in the atmosphere is
shorter than that of GEM, typically ranging from several days to weeks.
Deposited Hg can be partially re-emitted into the air from land and
ocean surfaces, contributing to the complexity of the global biogeo-
chemical Hg cycle.

China has emerged as the world’s largest emitter of Hg in recent
decades. In 2010, China’s reported atmospheric Hg emissions amounted
to 538 tons, with coal combustion, non-ferrous metal smelting, and
cement production sectors identified as the main sources (Zhang et al.,
2015a). The intense anthropogenic Hg emissions have resulted in
significantly higher atmospheric Hg levels in China compared to
developed countries. For instance, average GEM concentrations at
remote sites in China are much higher than the background levels in the
Northern Hemisphere (Fu et al., 2015; Zhang et al., 2016). And atmo-
spheric Hg wet deposition in China is substantially elevated (by a factor
of 2.6-3.6) compared to North America and Europe (Fu et al., 2016).
Since 2013, China has implemented aggressive measures to control air
pollution, resulting in simultaneous reductions in anthropogenic Hg
emissions (Liu et al., 2019; Wu et al., 2016). Consequently, atmospheric
Hg pollution in China has shown signs of improvement. Wu et al. (2023)
observed rapid declines (—4% to —2% yr ') in GEM levels at two
mountain sites over the past 5-7 years. Tang et al. (2018) reported a
decrease in GEM levels from 2.68 + 1.07 ng m > to 1.60 + 0.56 ng m >
between 2014 and 2016 at Chongming Island. Qin et al. (2020) docu-
mented a significant decrease in GEM levels from 3.01 ng m > in 2015 to
2.03 ng m~ in 2018 in Shanghai. However, existing studies on atmo-
spheric Hg trends in urban areas only cover short periods of 3-4 years.
To provide an accurate assessment of the perceived improvement in
atmospheric Hg resulting from emission reductions, continuous
long-term observations in urban areas are still lacking.

In this study, we present the long-term (2014-2022) observed
reduction of atmospheric Hg levels and other air pollutants (e.g., SOo,
PM,; 5, NOo, etc.) at an urban site in Nanjing, eastern China. The annual
and seasonal variations of GEM were comprehensively analyzed to
investigate the factors influencing these variations. Moreover, we
develop different methods, including positive matrix factorization
(PMF) and a global atmospheric model (GEOS-Chem) to quantify the
contributions of different sources to the observed decline of atmospheric
Hg at the observation site. The model provides estimation of the possible
reduction rates of anthropogenic emissions in eastern China in recent
years, and the discrepancies between the observations and model results
were further discussed.

2. Method
2.1. Site descriptions

The sampling site is located at Jiangsu Environment Monitoring
Center in Nanjing, a typical megacity in the Western Yangtze River delta
(YRD) of eastern China (Fig. 1). It is influenced by multiple sources,
including industry, traffic, cooking, and biogenic emissions, thus
representative of an urban site. More detailed descriptions of this sam-
pling site can be found in previous studies (Zhang et al., 2015b).

2.2. Sampling methods and analysis

Atmospheric Hg concentrations including GEM, GOM, and PBM were
continuously measured by using the Tekran 2537 analyzer (Tekran Inc.,
Model 1130A, Canada) with a sensitivity of <0.1 ng m~°> from June
2014 to June 2022 at several-hour resolution. GEM was measured at the
sampling frequency of 5 min, GOM and PBM were in the frequency of 1 h
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Fig. 1. The specific position of Jiangsu Environment Monitoring Center in
Nanjing together with the types of land cover (https://Ipdaac.usgs.gov/datas
et_discovery/modis/modis_products_table/mcd12q1_v006).

with the carrier gas flow rate of 10 L min~!. By using the gold pre-
concentration with atomic fluorescence detection, atmospheric Hg was
trapped in the units and then thermally decomposed as the form of GEM,
and finally, GEM was detected by the high-sensitivity CVAFS detector.
During the long-term sampling period, we conducted regular and
reasonable maintenance on the analyzer, including the replacement of
the drying tubes and quartz filters following the methods in Tekran
technical notes. The analyzer was automatically calibrated using its
internal permeation source at a frequency of 47 h. It should be noted that
the discontinuities of the data at the beginning of the study were due to
the instrument maintenance and other field observations elsewhere.

The instruments also included a MARGA (ten Brink et al., 2007) to
measure gas NH3 and NHJ in aerosols, and an EHM-X200 (Skyray In-
strument: www.skyray-instrument.com) based on X-ray fluorescence to
measure trace elements (Fe, Mn, V) in PMy 5. Trace gases (i.e., SOz, NOy,
CO) and PM, 5 mass concentrations were also measured at the site,
together with meteorological data including temperature and relative
humidity (Zhang et al., 2015b).

2.3. Source apportionment

Positive matrix factorization. The positive matrix factorization
(PMF) analysis, utilizing the PMF2. exe algorithm introduced by Paatero
and Tapper (1994), was conducted on the combined dataset to quantify
the contributions of Hg emissions from natural surfaces and anthropo-
genic sources to ambient GEM concentrations. To achieve this, specific
variables related to natural surface emissions or anthropogenic sources
were introduced as tracers, as described by Qin et al. (2020). Only
species exhibiting distinct characteristics were included in the analysis
matrix. A dataset incorporating uncertainty values for each species was
generated and incorporated into the model, assuming an error fraction
of 15% for GEM concentrations and 10% for other compounds,
following Qin et al. (2020). Considering that gas NH3 emissions from the
soil are temperature-dependent, NH3 has been recognized as a tracer for
natural sources (Qin et al., 2020). However, some studies also demon-
strated that the gas NH3 concentrations were substantially affected by
the thermodynamic equilibrium of ammonium nitrate (Sun et al., 2018),
we thus considered total ammonia (gas NH4 aerosol NHZ) in the matrix
to be one tracer of natural sources. The PMF analysis was performed
using an Igor Pro-based PMF Evaluation Tool with the daily time reso-
lution data and the results were evaluated following the procedures
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outlined in Ulbrich et al. (2009). The specific procedures for GEM
sources apportionment are described in detail in Text S1. Based on the
factor profiles, the temporal variations, and the Q/Qexp metric, a 4-fac-
tor solution with fpeak = 0 was chosen as the optimum solution. This
solution resolved a natural source factor, a coal-combustion factor, a
vehicle-emission factor, and an industrial factor.

GEOS-Chem model. In this study, we employed the GEOS-Chem
(Goddard Earth Observing System-Chemistry) model (www.geos
-chem.org; version 12.9.0) as described by Shah et al. (2021). The
model utilizes assimilated meteorological data from the Goddard Earth
Observation System (GEOS) general circulation model, provided by the
NASA Global Modeling and Assimilation Office (GMAO), at a resolution
of 4° (latitude) x 5° (longitude). Hg emissions from Horowitz et al.
(2017) were incorporated into the model, along with gridded land and
ocean surface Hg concentrations as boundary conditions. The mercury
inventory encompasses natural emissions from geogenic, biomass, soil,
snow, and ocean sources. The model accounts for the re-emission pro-
cess of atmospheric deposited Hg, where 20% of the deposited Hg can be
re-emitted into the air from land surfaces. The model tracks three Hg
species: Hg®, Hg?", and HgP. The conversion between Hg?" in the gas
phase and the aerosol/cloud phase is treated as a kinetic process,
following the approach of Amos et al. (2012). Notably, the model in-
corporates the latest advancements in atmospheric Hg chemistry,
including comparable oxidation of global Hg® to Hg" by Br and OH
radicals (Shah et al., 2021). We simulate five years with different
anthropogenic emissions from 2017 to 2021, while keeping natural
emissions consistent throughout the simulations. We conducted a 3-y
simulation for each year, and the initial two years were used for
model initialization, and the third year was employed for result analysis.

Anthropogenic emission inventory. The GEOS-Chem simulation
need Hg emissions from global anthropogenic sectors. However,
comprehensive studies on global anthropogenic Hg emissions in recent
years are still lacking. In this study, we developed an emission inventory
spanning from 2017 to 2021. Previous research by Liu et al. (2019)
revealed a 22% reduction in total Hg emissions in China from 2013 to
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2017, corresponding to a reduction rate of 5% yr—!. More recent
research by Zhang et al. (2023a) established anthropogenic Hg emis-
sions in China from 2010 to 2020, showing a comparable average
reduction rate of 3.4% yr~!. Taking this information into account, we
utilized an annual reduction rate of 5% for China’s emission in our
study. Using the global emissions data from Streets et al. (2019) as a
baseline, we scaled China’s Hg emissions to construct an inventory of
global atmospheric Hg emissions from 2017 to 2021. Hg emissions in
other countries remained consistent during this period.

3. Results and discussions
3.1. Observed atmospheric Hg and air pollutants trends

The annual average GEM concentrations in urban Nanjing exhibited
a decline from 5.41 + 1.49 ng m~> in 2014 to 2.17 = 1.26 ng m 2 in
2022, with a rate of 0.36 + 0.03 ng m > yr ! (—7+0.6% yr1). The
observed PBM and GOM also depict significant declines with the rates of
—7% yr~! and -13% yr~! as shown in Fig. S2. This decreasing trend
mirrors the concurrent trends observed in other air pollutants at the
same site (Fig. 2). Over the observation period, PMj; 5, SO, NO,, CO, and
total NH3 demonstrated decreasing rates of —740.9% yr}, -10 =+ 0.6%
yr !, -5+0.9% yr !, -4+0.8% yr !, and -3+0.6% yr !, respectively
(Fig. 2). Notably, SO; exhibited the highest reduction rate. These find-
ings indicate the remarkable success achieved in air pollution control in
the Yangtze River Delta region, which is a major industrial base char-
acterized by significant coal consumption. The success can be attributed
to desulfurization equipment implemented in power plants and fac-
tories, as well as the transition from coal to natural gas and electricity in
recent years (Ding et al., 2019).

Research has shown that aggressive control measures for air pollut-
ants can also lead to a simultaneous reduction in anthropogenic Hg
emissions, as Hg is synergistically removed from tail gas (Liu et al.,
2019; Wu et al., 2018). The correlation coefficients between GEM and
other air pollutants are presented in Table S1. Notably, GEM exhibits a
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represent the monthly medium value, and shaded areas mark the data from the 25th to 75th percentiles. Solid lines show the linear regression fitting for mea-

surement data.
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Table 1
Observations of GEM concentrations trends in urban areas of China.

strong correlation with SO, (RZ = 0.37, P < 0.05), suggesting potential
common sources. However, the lower rate of decline in GEM compared

to SO indicates the presence of other sources, such as natural emissions, No. Observation  Years Decline Range of Reference
contributing to the total GEM levels. In addition, the observed long-term site rates (ng GEM (ng
declines in air pollutants (Fig. 2) may impact the atmospheric Hg species m 2 yrY) m?)
and their deposition on land, subsequently influencing the re-emission 1 Nanjing 20142022  0.36 2.17-5.41 This study
of GEM from land surfaces. The strong correlation (R?> =033, P < 2 Shanghai 2014-2016  0.60 +0.08  1.60-2.68 Tang et al.,
0.05) between monthly PBM and PMjy s indicates the absorption of 2018
. - 3 Shanghai 2015-2018  0.32£0.07  2.03-3.01 Qin et al.

gaseous Hg by fine particles. (2020)

Fig. 3 illustrates the significant seasonality of atmospheric Hg and air 4 Beijing 2015-2018  0.37 2.79-4.61 Wu et al.
pollutant concentrations. GOM shows peak levels in summer, while PBM (2020)

peaks in winter, and GEM exhibits peaks in both summer and winter

seasons. The seasonal variation of GEM demonstrates a significant pos-
itive correlation with total NH3 (R2 = 0.56, P < 0.05) as both are
influenced by natural and anthropogenic sources (Qin et al., 2020). The
observed winter peaks in atmospheric Hg align with findings from other
studies conducted in mainland China, which are attributed to emissions
from fossil fuel combustion for heating purposes (Fu et al., 2015; Liu
et al., 2019). The seasonal concentrations of PBM display a positive
correlation with PMj 5 (R%2 = 0.86, P < 0.05), indicating the absorption
of gaseous Hg by fine particles. Additionally, the positive correlation
between the seasonal variation of O3 and GOM (R? = 0.6, P < 0.05)
suggests that the oxidation of Hg® by O3 in the ambient air contributes to
the observed patterns. The positive correlations of seasonal GOM and
PBM with native air pollutants imply their dependence on local chemical
processes. The year variations of GEM and other pollutants during four
seasons are discussed in Text S2.

To investigate further insights into the declining trends of atmo-
spheric GEM, we compiled available data on GEM trends in China’s
urban areas in Table 1. Our study stands out as it covers the longest
observation period, spanning from 2014 to 2022, whereas other studies
provide GEM data for only 3-4 years. Consistent with our findings in
Nanjing, reductions in GEM concentrations have also been observed in
Shanghai (—0.32 to —0.60 ng m~> yr~ ') and Beijing (—0.37 ng m™>
yr~1). These decline rates are comparable to the observation in Nanjing
(—0.36 ng m~2 yr~1). Notably, when compared with global declines in
GEM, our observed reduction rates (—7% yr’l) surpass those observed
in Europe and North America (—1% to —2% yr~!) between 1990 and
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2013 (Zhang et al., 2016). This stark contrast indicates the significant
progress made by China in effectively mitigating atmospheric Hg
pollution through comprehensive air pollution control measures.
Furthermore, when we combine our analysis with two Shanghai-based
studies (Tang et al., 2018; Qin et al., 2020), we see that GEM concen-
trations in eastern China have been declining for the previous ten years.

3.2. Source apportionment of observed GEM

The relationships between atmospheric GEM and other pollutants
can provide valuable insights into the sources of GEM. As illustrated in
Fig. 4, there is a positive correlation between monthly variations of GEM
and PMy 5 (R? = 0.21, P < 0.05) as well as SO, (R? = 0.36, P < 0.05),
suggesting their shared origins. Points above the fitted line, particularly
during periods of high temperature, indicate the influence of tempera-
ture on atmospheric GEM levels, potentially suggesting contributions
from natural emissions because GEM re-emission from land is temper-
ature sensitive (Zhu et al., 2016). While little influence of RH on GEM
was found (Fig. S4).

To further elucidate the emission sources and quantify their contri-
butions to GEM mass concentrations in Nanjing, we employed the PMF
model on combined matrix data. The model was conducted exclusively
on the dataset spanning from 2017 to 2021, encompassing a full year
time. Based on the optimal results of the PMF analysis (Text S1, Fig. 5),
four source factors contributing to GEM were identified. In Fig. S5, the
factor exhibiting the highest loadings of SO, was attributed to coal

3
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Fig. 3. Seasonality of atmospheric Hg and air pollutants. (a) Reactive gaseous mercury (GOM). (b) Particle-bound mercury (PBM). (c) Gaseous element mercury
(GEM). (d) Ozone (O3). (e) Fine particulate matter (PM,5). (f) Total NH; (gas NH; and particulate NHZ). Bold solid lines are the median values; shaded areas
represent percentiles of 75% and 25% and diamonds represent the mean values.
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Fig. 5. Mass concentrations and contributions of different sources interpreted
by PMF model from 2017 to 2021.

combustion, accounting for 26% of GEM. The vehicle emission factor is
characterized by relatively high loadings of NOy (Wang et al., 2021),
contributing 16% to GEM. Another industrial emission factor (excluding
combustion processes) played a substantial role in V, Fe, and Mn emis-
sions, which are considered typical tracers of industrial production (Qin
et al., 2020), with a contribution of 7%. The remaining factor accounted
for 51% of the total contribution and was influenced by temperature,
suggesting a natural source due to its high temperature dependency
(Zhu et al., 2016). Overall, the PMF analysis allocated comparable
contributions of 49% for anthropogenic emissions and 51% for natural
emissions to the GEM levels. These findings align with previous studies
indicating that surface land emissions of Hg in China are comparable to

those from anthropogenic activities (Wang et al., 2016, 2018). Impor-
tantly, the primary natural emissions at this site is speculated to be the
previously cumulated Hg on land due to two reasons: i) high levels of Hg
emissions and atmospheric deposition, urban areas in China typically
experience significant Hg pollution, including soil contamination,
creating conditions conducive to Hg release from land (Li et al., 2017;
Liu et al., 2021; Song et al., 2021); ii) the positive correlation observed
between GEM concentrations and temperature, as well as total NHs, as
discussed earlier, further supports the notion of Hg released from land
sources.

The factor associated with coal combustion has exhibited a signifi-
cant decline, dropping from 1.1 ng m ™3 in 2017 to 0.3 ng m° in 2021
(Fig. 5). This factor contributed to 44%-61% of the observed GEM de-
clines, corresponding to a decrease of —6% to —4% yr~ ! considering the
overall GEM decline rate of —9% yr~! during this period. The contri-
butions from the vehicle and other industrial emissions to the GEM
decline were minimal, with mass concentrations fluctuating within 0.5
ng m~>. Mass concentrations from natural emission sources also expe-
rienced a decline, decreasing from 1.7 ng m™ in 2017 to 1.1 ng m > in
2021. The nature source contributed to 37%-53% of the declines and
caused a GEM decrease of approximately —5% to —3% yr~!. According
to the PMF results, the reduction in coal combustion and natural sources
accounted for the majority of the GEM declines. The analysis below
provides comprehensive explanations.

Since 2013, China has implemented a series of crucial air pollution
control measures to reduce the emission of air pollutants (Zheng et al.,
2018). These measures include the application of air pollution control
devices to remove conventional pollutants such as PMj 5, SO, and NOy,
which also possess the ability to co-remove Hg. A study indicates that a
significant portion of Hg in coal-fired power plants can be oxidized,
captured, and subsequently removed from the production processes,
with removal rates reaching up to 90% (Zhao et al., 2019). Field in-
vestigations on unit emissions have demonstrated that total Hg emis-
sions in China reduced by 22% from 2013 to 2017, with coal-fired power
plants and industrial boilers accounting for 68% of the reduction (Liu
et al., 2019). With the increased adoption of cleaner technologies and
the more stringent local emission standards for the YRD region in recent
years (Zhang et al., 2023a), our observation shows that the success of
ultralow emission from coal combustion sectors in eastern China is
evident in the control of atmospheric Hg concentrations. In our study
site, we suppose the continuous declines of atmospheric Hg might lessen
the intensity of Hg deposition, which then might decrease the accumu-
lation of Hg on land and, as a result, reduce the GEM released from land
nature sources (e.g., soil). Because the Hg re-emission from soil has the
potential to affect local atmospheric Hg (Zhu et al., 2018, 2022). Taking
into account the small contribution from temperature fluctuations
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(Texs2, Fig. S2c), these processes are thought to be the cause of the
natural-source Hg emissions at our study site reducing over the years
(Fig. S3).

3.3. Reduction of anthropogenic emissions

The GEOS-Chem simulations are conducted to connect the anthro-
pogenic reduction with the declines of GEM concentrations in eastern
China. By employing our revised inventory (see section 2.3) and main-
taining consistent meteorological conditions and natural emissions, the
model effectively isolated the impact of anthropogenic emissions. Fig. 6
depicts a comparison between the observed and simulated annual mean
concentrations of GEM in Nanjing from 2017 to 2021. The simulated
GEM concentrations align with the lower end of the observed data,
falling within the range of observation and model representation error.
We speculate that the relatively lower GEM may be attributed to the
coarse resolution of the model, which may cause underestimation for the
simulation results (Xu et al., 2022; Zhang et al., 2012). The GEOS-Chem
simulations successfully capture a declining trend in GEM concentra-
tions, with a rate of —2.4% yr '. During this period, the observed
decline rate of GEM was —9% yr*, with —6% to —4% yr* attributed to
anthropogenic emissions resolved by PMF analysis (Fig. 6). This decline
rate is approximately twice the rate of our GEOS-Chem modeled results.

The discrepancy between model and PMF analysis may stem from
three factors. Firstly, the model underestimates the reduction rate in
anthropogenic emission. Recent research has reported an average
reduction rate of 3.4% yr~! for Hg emissions in China over the past
decade, with eastern and central China contributing the most to the
reduction from 2015 to 2020 (Zhang et al., 2023a). This suggests that
the reduction in anthropogenic emissions at our study site, would likely
exceed the average level of 3.4% yr~! during recent years. In our model,
the utilization of an average reduction rate of 5% yr! for eastern
China’s emissions appears to be insufficient. Secondly, the impact of
global emission reductions is ignored in our model, as we kept Hg
emissions from other countries consistent. The implementation of the
Minamata Convention on Mercury worldwide since 2017 implies the po-
tential reduction of global anthropogenic emissions in recent years.
Global reductions in Hg emissions may lead to a decline in background
atmospheric Hg concentrations, which would contribute to the re-
ductions of cumulated Hg on land and observed declines in atmospheric
GEM levels in China. However, the effectiveness of the convention in
reducing global anthropogenic Hg emissions and its impact on atmo-
spheric Hg levels have yet to be evaluated. We, therefore, propose that
studies in this field should be carried out urgently. Thirdly, the
GEOS-Chem data should be representative of a regional average in
eastern China due to its coarse resolution. Because the model average
includes both rural and urban areas, it is also likely to underestimate the
drop rate at our study urban site. As it is reported that the annual drop
rate of GEM in rural China (—4% to —2% yr‘l) is lower than that of our
urban location (—7% yr’l) (Wu et al., 2023). Despite the potential un-
derestimation of the simulated decline rate, our findings highlight the
significant role of decreasing anthropogenic emissions in driving the
decline of GEM in eastern China.

4. Conclusions

Our research reveals that the observed decrease in GEM in eastern
China is primarily attributed to the reduction of anthropogenic Hg
emissions. Long-term observations of GEM and other conventional
pollutants, such as PM3 5, SO, and NO,, consistently show declines from
2014 to 2022 in eastern China, resulting from the aggressive air pollu-
tion control measures implemented. The PMF receptor model identifies
the reduction of coal combustion emissions as the main driver of the
long-term decline in GEM concentrations. Furthermore, GEOS-Chem
simulations indicate a remarkable reduction of anthropogenic Hg
emissions in eastern China from 2017 to 2021. This study underscores
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Fig. 6. Regional trends in GEM concentrations. Observations for individual
years are shown as the blue line, GEOS-Chem simulations for 5% yr~! reduction
of anthropogenic emissions are shown as the green line, and PMF-resolved
anthropogenic mass concentrations for GEM are shown as the yellow line.
The shaded areas mark the standard deviations of the data.

China’s significant achievements in atmospheric Hg control, which have
contributed significantly to the objectives of the Minamata Convention on
Mercury.
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