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Abstract Concentrations of gaseous elemental mercury
(GEM) were continuously monitored from May 2011 to
May 2012 at the Wuzhishan State Atmosphere Background
Monitoring Station (109°29'30.2" E, 18°50'11.0” N) located
in Hainan Island. This station is an ideal site for monitoring
long-range transport of atmospheric pollutants from mainland
China and Southeast Asia to South China Sea. Annual average
GEM concentration was 1.58 +0.71 ng m > during the mon-
itoring period, which was close to background values in the
Northern Hemisphere. GEM concentrations showed a clear
seasonal variation with relatively higher levels in autumn
(1.86 = 0.55 ng m ) and winter (1.80 + 0.62 ng m ) and
lower levels in spring (1.16 + 0.45 ng m ) and summer
(1.43 +£0.46 ng m ). Long-range atmospheric transport dom-
inated by monsoons was a dominant factor influencing the
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seasonal variations of GEM. The GEM diel trends were relat-
ed to the wind speed and long-range atmospheric mercury
transport. We observed 30 pollution episodes throughout the
monitoring period. The analysis of wind direction and back-
ward trajectory suggested that elevated GEM concentrations
at the monitoring site were primarily related to the outflows of
atmospheric Hg from mainland China and the Indochina pen-
insula. The 2AGEM/2CO values also suggested that GEM was
significantly affected by the long-range transport from the
anthropogenic sources and biomass burning in Asia and
Indochina peninsula.

Keywords Gaseous elemental mercury (GEM) - Seasonal
monsoons - Long-range transport - Back trajectories - GEM/
COratio

Introduction

The global cycle of mercury (Hg) has attracted extensive at-
tention from the international community. By October 2014,
128 nations formally have signed the “Minamata Convention
on Mercury”, which restricted the production, utilization, and
emission of Hg. China is one of the signatories to this conven-
tion and has been facing great pressure because of its high
emissions (UNEP/AMAP 2013; Muntean et al. 2014). China
is the largest contributor to global atmospheric Hg. Total an-
thropogenic Hg emissions were estimated to have increased
continuously from 356 tin 2000 to 538 t in 2010, representing
an average annual rate of increase of 4.2 % (Zhang et al.,
2015). Hg transport from mainland China has attracted global
attention. Several observational and baseline studies have
been performed in China, which, across the different regions
in China, show variations in background location and typical
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dispersion in the cities. These studies have included Waliguan
and Lanzhou in Northwest China (Su et al., 2007; Fu et al.,
2012a); Gongga Mountain, Leigong Mountain, and Guiyang
in Southwest China (Feng et al., 2004; Fu et al., 2008, 2010a);
Chongming Island, Nanjing, and Shanghai in East China
(Friedli et al., 2011; Zhu et al., 2012; Dou et al., 2013); and
Changbai Mountain and Changchun in Northeast China (Fang
et al., 2004; Fu et al., 2012b). Generalizing these studies indi-
cated that the seasonal variations of Hg differed in the various
regions of China. In the north and southwest, coal combustion
was identified as the cause of the variations in Hg (Fang et al.,
2004; Feng et al., 2004). In the city of Nanjing in East China,
the high average monthly concentrations were attributed to the
re-volatilization of Hg deposited during the warm season due
to the high temperatures and greater solar radiation (Zhu et al.,
2012). In the Pearl River Delta of South China, the seasonal
monsoon was identified as the reason for Hg emissions trans-
port (Chen et al., 2013). With regard to the studies conducted
for the background locations, the main factors affecting Hg
levels were concluded to have been the seasonal monsoon, as
well as the transport of local and regional emissions (Fu et al.
2008, 2012a). While many previous studies have measured
atmospheric Hg in mainland China (Fu et al., 2008, 2009,
2010a; Chen et al. 2013), studies regarding the outflow of
Hg from mainland China are limited.

China has a marked continental and oceanic monsoonal
climate. The air stream flows from the ocean to the land in
the summer, and this horizontal air flow reverses in the winter.
In the winter, it is clear that the monsoon may transport Hg to
the south and west of the Chinese mainland. Tseng et al.
(2012) identified the northwest monsoon as the reason for
the increased autumn and winter concentration of atmospheric
Hg in the northern region of the South China Sea (SCS). The
increased atmospheric Hg levels in Taiwan and Korea were
attributed to long-distance monsoonal transport from the
Chinese mainland (Kim et al., 2009; Sheu et al., 2010).

Hainan Island lies at the southern tip of China and is sep-
arated from the Chinese mainland by the Qiongzhou Strait,
with the Beibu Gulf in the west and the South China Sea in the
southeast. Hainan Island has good air quality (MEP 2014)
with a very limited number of industrial emission sources
because tourism is its dominant industry. This region is dis-
tinctly affected by seasonal monsoons and is, therefore, an
ideal place to monitor the background level of GEM and study
regional atmospheric transport. The Hg observational data in
Hainan Island will be good supplements to Global Mercury
Observation System (GMOS), and very valuable for further
understanding of the global Hg cycle.

The aims of this study were to (1) determine the back-
ground level and variability of Hg on Hainan Island, (2) study
the effect of the monsoon on the long-range transport of Hg in
the South China region, and (3) understand the outflow of Hg
from mainland China and Southeast Asia.
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Experimental methods
Sampling site

The monitoring site for this study is located at the Wuzhishan
State Atmosphere Background Monitoring Station (109°29’
30.2" E, 18°50'11.0” N) at Wuzhi Mountain of Hainan
Island, 958 m a.s.l. Wuzhi Mountain is located in the south-
central hinterland of Hainan Island and is the highest peak in
this region. This site has both mountainous and insular climate
characteristics. Northeast winds and southwest winds are
prevalent in the winter and the summer, respectively. The
rainy season is from May to October, and the dry season is
from November to April (of the next year). The average an-
nual temperature is 22.4 °C, and the average monthly temper-
ature is 17 °C in January and 26 °C in July. The average
annual rainfall is 1690 mm, the average relative humidity is
84 %, and the average annual sunshine is approximately
2000 h. This site is ideal for monitoring the background re-
gional atmospheric characteristics and long-range transport
because of its low population density, excellent ecological
environment, few anthropogenic emission sources, and long
distance from the town.

Measuring time and method

The experiment was conducted from May 2011 to May 2012
using an automatic Hg vapor analyzer (model 2537B, Tekran,
Toronto, Canada) in situ. The instrument has two parallel gold
cartridges. While one cartridge adsorbs Hg during the sam-
pling period, the other simultaneously analyzes the collected
Hg, allowing for the continuous sampling of the ambient air.
The ambient air was introduced to the inlet of the analyzer
through a heated Teflon tube (45 °C) to remove the moisture.
The particulate matter was removed using 45-mm-diameter
PTFE filters (Whatman, 0.2 pm) installed at the inlets of the
sampling Teflon tube and the analyzer. These filters were re-
placed every 7 to 20 days, depending on the filter load. The
analyzer was programmed to measure the atmospheric Hg
every 10 min with a volumetric sampling flow rate of
1.0 L min~'. Speciated atmospheric Hg is operationally de-
fined as gaseous elemental Hg (GEM), gaseous oxidized Hg
(GOM), and particulate bound Hg (PBM). There has been
much discussion among Hg researchers as to whether the
Tekran 2537 measures total gaseous Hg (TGM,
TGM = GEM + GOM), as opposed to GEM. The particle
filtration device and the heated line may cause GOM losses
to the filter and the tubing wall (Gustin et al., 2015).
Consequently, the values obtained from our mercury measure-
ments are considered to be close to GEM concentrations in
this study. Conventional meteorological data (i.e., wind speed,
wind direction, temperature, relative humidity, and pressure)
were synchronously collected using a meteorological
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instrument (model ZZ11B, Shanghai meteorological instru-
ment factory, China). CO and O; data were measured using
automatic instruments (model 491, Thermo, USA, and model
48i, Thermo, USA, respectively).

The Tekran 2537B analyzer was automatically calibrated
every 25 h using the instrument’s internal mercury permeation
source. These automated calibrations were tested, before and
after the sampling campaign, with manual injections using a
saturated mercury vapor standard from an external mercury
vapor source (Tekran 2505). The relative percentage differ-
ence between the manual injections and automated calibra-
tions was less than 10 %. The GEM detection limit in this
operation mode is less than 0.1 ng m . All concentrations
are stated at the standard conditions of P = 760 mmHg and
T=0-°C.

Back trajectory analysis

The Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSLPIT4.0) model and Gridded Meteorological Data
(GDAS one-degree archive), which were provided by the
National Oceanic and Atmospheric Administration (NOAA),
were used to calculate the trajectories. The top of the model
domain was set to 8000 m a.g.l. Trajectories that extended for
3 days (72 h) into the past were calculated daily at 1-hour
intervals. All trajectories were analyzed statistically using
TrajStat software (Wang et al. 2009). Because the values were
obtained from NOAA’s NCEP meteorological models, the
data used for the transport and dispersion calculations are
interpolated to grids of coarser resolution. The uncertainties
depend upon local effects, as well as the larger scale gradients
of the variable, and the degree to which a gridded field can
represent a continuous function.

Determination of concentration-weighted trajectory
(CWT)

The CWT for GEM for a particular concentration-weighted
trajectory (CWT) grid cell (i, j) is a measure of the source
strength of a grid cell and is assigned a weighted concentra-
tion, by averaging the sample concentrations of the trajectories
that crossed that grid cell, as follows (Hsu et al. 2003;
Kabashnikov et al. 2011):

CWT; = L%;Cl T,
21Tl

C; is the 1 h GEM concentration corresponding to the ar-

rival of the back trajectory /, / is the index of the trajectory, 7;;

is the time spent in the grid cell (i, j) by the trajectory /, and M

is the total number of back trajectories over a given time pe-
riod (e.g., each season).

In this study, the research region is a geographical domain

from 10 to 30°N and from 110 to 130°E. The geographical

domain was divided into 40,000 grid cells (200 grid cells
across the latitude by 200 grid cells across the longitude) with
each covering area of 0.1° by 0.1°.

Statistical analysis

Because of the normal distribution of the data (Kolmogorov-
Smirnov test, p > 0.05), all data were statistically analyzed
using the independent-sample ¢ test and SPSS 17.0 for
Windows (SPSS, Chicago, USA). The statistical test results
were considered to be statistically significant at p < 0.05. The
figures were generated using Origin 8.0 and ArcGIS 9.3.

Results and discussion
Annual GEM level at the monitoring site

During the monitoring period, the annual average GEM con-
centration was 1.58 +0.71 ng m . This value is similar to the
background values reported for the Northern Hemisphere
(1.5-1.7 ng m ) (Slemr et al. 2003; Kim et al. 2005), rela-
tively higher than those of the Southern Hemisphere (0.58—
1.05 ng m ) (Slemr et al. 2015), and significantly lower than
the values reported at some other background sites in main-
land China, such as Waliguan (Fu et al., 2012a), Gongga
Mountain (Fu et al., 2008, 2009), and Leigong Mountain
(Fu et al., 2010a).

Seasonal variation of GEM and the seasonal monsoon’s
effect

In this study, relatively higher levels of GEM were observed in
the autumn (1.86 = 0.55 ng m °) and the winter
(1.80 + 0.62 ng m ), and relatively lower GEM concentra-
tions were observed in the spring (1.16 +0.45 ng m ) and the
summer (1.43 £0.46 ng m ) (Fig. 1). We also observed clear
day-to-day variations of GEM in some months (for example,
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Fig. 1 Seasonal variation of GEM concentration at Wuzhi Mountain
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May and September 2011), which suggest that the GEM levels
at the sampling site were significantly affected by external
atmospheric transport.

The wind dependence of the GEM concentrations during
the monitoring period was such that the higher GEM concen-
trations were mostly related to the wind from the northwest,
north and northeast (Fig. 2i), while the lower GEM values
were observed in the prevailing southwest wind that originat-
ed from the SCS and the Western Pacific Ocean (Fu et al.,
2010b). These values can be considered as the background
levels.

The annual wind rose shows the prevailing winds were
from the southwest and the northeast (Fig. 2j). The southwest
winds prevailed in spring (March—-May) and summer (June—
August), with the air mass originating from the Indian Ocean
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with presumably low Hg emissions levels (Fig. 2a—f). The
northeast wind prevailed in autumn (September—November)
and winter (December—February), with high levels (Fig. 2¢c—
h). In the studies on urban and regional atmospheric Hg in
South China and the SCS, the seasonal monsoon has been
considered to have an important impact on the seasonal vari-
ations of GEM and atmospheric long-range transport (Tseng
etal.,2012; Chenetal., 2013; Sheu etal., 2013). The behavior
exhibited by the wind direction across all four seasons is con-
sistent with the typical seasonal monsoon climate in this re-
gion. These results imply that the seasonal variations in GEM
were significantly influenced by the seasonal monsoons.
Nevertheless, these variations might also be related to the
stronger atmospheric photochemical processes and the higher
wet deposition in the spring and the summer.
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Fig. 2 Frequency distribution of wind direction and GEM at wind directions at Wuzhi Mountain during monitoring period
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GEM diurnal variation and influencing factors

GEM concentrations at the monitoring site exhibited similar
diel trends in all four seasons, as well as for O3 concentrations,
and air temperatures (Fig. 3). The GEM levels changed with
the wind speed, decreasing from 0:00 to 7:00 and increasing
from 8:00 to 19:00 (Fig. 3). The relatively high wind speed
contributes to the dispersion of pollutants, as indicated by the
minimum and maximum values occurring at 7:00 and 19:00
(16:00 in summer), respectively. This diel trend with a single
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Fig. 4 CWT plots for GEM in summer and winter at Wuzhi Mountain
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peak at night differs from the patterns reported at other back-
ground sites. For example, at Waliguan, there are two peaks at
8:00 during the day and 22:00 at night (Fu et al., 2012a); the
peak for the Lulin and Leigong mountain sites is at approxi-
mately 15:00 (Fu etal., 2010a; Sheu et al., 2010), and the peak
at the Gongga and Changbai Mountain sites is at approximate-
ly 12:00 (Fu et al., 2008, 2012b).

With respect to the diel variation, no statistically significant
differences between daytime and nighttime were observed
using independent-sample 7" Test (p = 0.119). This trend is
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different from the trends reported in other studies at back-
ground sites in China (Fu et al., 2008, 2009, 2012b). These
studies observed that the GEM diel trends were influenced by
the mountain and valley breezes, which can cause relatively
higher levels of GEM during the daytime due to the increased
impact of the local and regional sources via upslope transport.
However, this cannot explain the diel variation observed at
Mt. Wuzhi. The elevation of the sampling site is about
1000 m a.s.l, whereas, the boundary layer height of Mt.
Wuzhi were 900 m in the day and 400 m at night (Zhang
et al., 2013), and the site is in the free troposphere (FT) and
above the boundary layer (BL). Therefore, the air pollutants
are not able to accumulate at the vertical level of this monitor-
ing site. Additionally, contrary to the common belief, the
higher O; concentrations actually occurred at midnight
(Fig. 3), indicating that photochemical transformation did

not cause the increase. The lack of local Hg sources near the
site, the observed GEM and O3 peak before midnight proba-
bly indicate the strong impact of long-range transport at the
sampling site (Fu et al., 2012a).

The effects of air masses moving from different directions

The CWTs for GEM were calculated for the summer and the
winter for Mt. Wuzhi (Fig. 4). The plots highlight the contri-
butions of different source regions to the GEM at the moni-
toring site. In summer, the potential source regions of the
GEM were the Beibu Gulf and northern Vietnam, while
Hunan and Guangdong provinces were the predominant
source regions in the winter, during which relatively high
Hg concentrations were reported (Chen et al., 2013).

Table 1  Wind direction and air mass sources during the polluted episodes
Event Pollution dates Duration (h)  Hourly conc. Prevailing wind ~ Air mass sources

(Min/Max) (ng m> ) direction
1 2011.05.16-05.20 &9 2.02/4.52 SW Southwest of SCS*, Indochina peninsula, Chinese Mainland
2 2011.05.23-06.03 268 2.24/5.82 NE Southwest of SCS?, Indochina peninsula, Chinese Mainland
3 2011.08.28-09.02 78 2.28/6.74 SW Northern Vietnam, Chinese Mainland
4 2011.09.02-09.03 15 2.00/2.24 SW Indochina peninsula
5 2011.09.05-09.06 27 2.07/2.49 SE Indochina peninsula
6 2011.09.20-09.26 132 2.02/4.72 NE Chinese Mainland, Taiwan
7 2011.09.26-09.27 15 2.07/2.37 NE, SE Taiwan
8 2011.09.28-09.30 26 2.21/4.30 SW Indochina peninsula, Chinese Mainland
9 2011.10.03-10.06 75 2.10/2.56 NE Chinese Mainland, Taiwan
10 2011.10.16-10.19 78 2.02/2.86 NE Chinese Mainland, China’s southeast coast
11 2011.10.29-10.30 14 2.00/2.52 NE Chinese Mainland
12 2011.11.09-11.11 26 2.13/3.31 NE Chinese Mainland
13 2011.11.11-11.12 16 2.01/2.19 NE Chinese Mainland
14 2011.11.14-11.15 17 2.01/2.34 NE Chinese Mainland, China’s southeast coast
15 2011.11.15-11.16 23 2.02/2.97 NE China’s southeast coast, Southern Taiwan
16 2011.11.17-11.18 17 2.01/2.39 NE China’s southeast coast
17 2011.11.19-11.21 32 2.08/3.52 NE Chinese Mainland
18 2011.11.23-11.25 54 2.01/2.76 NE Chinese Mainland, China’s southeast coast
19 2011.12.01-12.04 64 2.07/3.35 NE Chinese Mainland, China’s southeast coast
20 2011.12.08-12.18 231 2.09/3.88 NE Chinese Mainland
21 2011.12.18-12.19 30 2.01/2.85 NE Chinese Mainland
22 2011.12.22-12.26 109 2.01/4.03 NE Chinese Mainland, Taiwan, Northern Vietnam
23 2011.12.31-1.1 35 2.02/2.86 NE Chinese Mainland
24 2012.1.04-1.05 39 2.04/3.87 NE Chinese Mainland
25 2012.1.06-1.08 47 2.01/2.66 NE Chinese Mainland, China’s southeast coast
26 2015.1.09-1.13 109 2.03/2.91 NE Chinese Mainland
27 2015.1.22-1.23 25 2.01/2.82 NE, SW Chinese Mainland, China’s southeast coast
28 2012.2.16-2.18 40 2.12/3.89 NE Chinese Mainland, China’s southeast coast
29 2012.3.10-3.12 69 2.01/3.83 NE Chinese Mainland
30 2012.3.23-3.25 53 2.01/4.63 NE Chinese Mainland, Indochina peninsula

#SCS means South China Sea
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The pollution events were defined as hourly mean GEM
concentrations higher than 2 ng m™ over a period of 10 h
(annual average GEM concentration plus 1/2 SD (rounded)).
We observed 30 pollution episodes over the study period
(Table 1). To determine the reason and the source of this high
number of events, the Hybrid Single-Particle Lagrangian
Integrated Trajectory model was used to calculate the back-
ward trajectories. The results indicated that the polluted air
masses mainly came from the Chinese mainland, China’s
southeast coast, the Indochina peninsula, and Taiwan
(Table 1). For the 25 pollution episodes that are related to air
masses from mainland China, Guangdong and Guangxi
Provinces accounted for approximately 80 %, followed by
Hunan (8 %), Jiangxi, Fujian, and Hubei Provinces. The
Chinese southeast coastal regions and Taiwan also contributed
to the increased GEM levels (episode 16 and episode 7,
Fig. 5). In most cases, the air mass sources were of multiple
origins, e.g., in Episode 2 (Fig. 5), the air mass mainly origi-
nated from three regions: Chinese mainland, China’s south-
east coast, and the Indochina peninsula. It is worth noting that
in two instances of the 30 episodes, the pollution came entirely
from the Indochina peninsula (Episodes 4 and 5, Fig. 5), par-
ticularly from northern Vietnam (Episode 3 and 22, Table 1).
Overall, the long-range transport of Hg from the Chinese
mainland remains the main cause of the increased GEM con-
centrations at the monitoring site, but we should not exclude
the possibility of the long-range transport of Hg from
Southeast Asia, especially in the spring. Predictably, the rapid
economic development of the countries in Southeast Asia will
play an increasingly important role in increasing the

atmospheric Hg in the SCS, Hainan Island, and even the
Chinese mainland.

Primary emission sources of GEM

CO is commonly considered to be an important tracer
of anthropogenic pollution. The correlation between
GEM and CO can therefore be used to identify Hg
sources. Both biomass burning and anthropogenic emis-
sions (mainly fossil fuel burning) are significant sources
of CO emission (Weiss-Penzias et al., 2007). Good
GEM/CO correlations were observed at Hedo Station,
Okinawa (HSO) (Jaffe et al., 2005), Mount Bachelor
Observatory (MBO) (Weiss-Penzias et al., 2006), and
Lulin Atmospheric Background Station (ABLS) (Sheu
et al,, 2010). In this study, significant GEM/CO corre-
lations were observed in autumn (> = 0.351,
p < 0.001), winter (> = 0.751, p < 0.001), and spring
(r2 = 0.745, p < 0.001), whereas, no significant corre-
lations were observed in summer (r* = 0.064, p < 0.05),
consistent with the results of another study (Sheu et al.,
2010). Previous studies have reported that the export of
atmospheric Hg from the East Asian continent to the
northern SCS by northeast monsoon activity in autumn,
winter, and spring (Tseng et al., 2012; Sheu et al.,
2013) can explain the significant GEM/CO correlations
observed in winter and autumn. However, in this study,
this explanation was seen to be invalid for spring. Clean
marine air masses may account for the poor GEM/CO
correlations in summer. Significant GEM/CO

Fig. 5 Daily backward
trajectories ended at Wuzhi
Mountain at a height of 958 m
above Sea level in typical periods
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Table 2 Correlation coefficients

and slopes between GEM and CO Event Pollution dates GEM/CO GEM conc. CO conc. ”
(slope, ng m ™ ppbv ) (ngm ) (ppbv)
2 20110524 0.0037 4.01 £0.48 680 + 112 0.51
2 20110527 0.0075 4.16 £0.63 584 +66.4 0.66
6 20110922 0.0059 3.17+£0.48 520 + 64 0.61
8 20110928 0.0077 2.90 +0.70 456 + 80 0.80
10 20111016 0.0045 2.34+0.20 470 £ 42 0.88
17 20111120 0.0022 3.00+£0.37 608 + 104 0.35
20 20111209 0.0034 3.36+£0.33 760 + 88 0.82
20 20111215 0.0079 2.98 +0.54 544 £ 60 0.76
22 20111223 0.0055 3.07+0.52 592 + 88 0.88
24 20120104 0.0037 2.76 £0.63 608 + 160 0.93
28 20120216 0.0040 2.98+0.48 681 + 106 0.76
29 20120310 0.0039 2.72+0.50 670 £110 0.80
30 20120323 0.0089 2.74£0.76 498 £70 0.72

correlations in spring could be related to the biomass
burning in the Indochina Peninsula. Spring is the major
biomass burning season in the Indochina Peninsula
(Streets et al., 2003; Lai et al., 2010), likely resulting
in the release of Hg to the atmosphere (Friedli et al.,
2009). In spring, the air masses came from the north-
eastern Indian Ocean and then pass over the Indochina
Peninsula that can reach Mt. Wuzhi via the Southwest
wind. Overall, good GEM-CO correlations in the three
seasons suggest that CO and GEM share emission
sources (biomass burning and anthropogenic emissions).

The 2AGEM/ACO enhancement ratio has been used to
investigate the long-range transport of Hg (Jaffe et al.,
2005; Kim et al., 2009; Fu et al., 2015). Some studies
have reported an effect on long-range Hg transport from
Asia when the AGEM/2CO ratio is in the range of
0.0036 ~ 0.0074 ng m > ppbv ' (Jaffe et al., 2005;
Weiss-Penzias et al.,, 2006). The GEM/CO correlation
slopes for mainland China, South Asia, and the
Indochina Peninsula were 0.0073, 0.0078 and
0.0078 ng'm > ppbv ', respectively (Fu et al., 2015).
An episode was defined as a period with average hourly
GEM and CO concentrations over 2 ng m ° and
400 ppbv, respectively, for at least 10 h; 13 such epi-
sodes with simultaneously high GEM and CO concen-
trations and significantly positive correlations
(¥ = 0.35 ~ 0.93) are identified over the entire sam-
pling period (Table 2). The mean GEM/CO values for
East Asian industrial and biomass burning are
0.0046 + 0.0013 ng m > ppbv ' and
0.0013 + 0.008 ng m > ppb v', respectively (Weiss-
Penzias et al., 2007). It is inferred that Episode 17
(Table 2) is predominantly caused by biomass burning.
Episodes 2, 8, 20, and 30 (Table 2) seem to be of

@ Springer

predominantly anthropogenic origin and that many of
the other episodes are of mixed origin. The mean
AGEM/2CO slope for these episodes is 0.0053 ng m >
ppbv ' (¥ = 0.73, p < 0.001), which is also consistent
with the slopes reported in previous studies (Jaffe et al.,
2005; Weiss-Penzias et al., 2006), indicative of the sig-
nificant effect of long-range transport of Hg from China
and the Indochina Peninsula.

Conclusions

The unique geographical location and a lack of local industrial
Hg emissions make Hainan an ideal region to monitor the
long-range transport of atmospheric Hg and other pollutants
from mainland China and Southeast Asia to the SCS. At the
monitoring site, the diel variation of the GEM was controlled
by the wind speed and long-range atmospheric mercury trans-
port. However, the seasonal variation of the GEM was con-
trolled by the seasonal monsoons. The large quantity of Hg
emitted from anthropogenic sources in China results in Hg
being transported from the Chinese Mainland to the SCS
and Hainan Island during the prevailing winter monsoon pat-
terns. Thus, it is essential to develop more studies on the long-
distance transportation capacity of Hg and the corresponding
cyclical processes and ecological impacts. In addition, we not-
ed that relatively high levels of GEM were sometimes trans-
ferred from the Southeast Asia region by air masses. With the
rapid economic development of Southeast Asia, it is expected
that during the seasonal monsoons, the atmospheric pollutants
from this region will have stronger effects on the SCS, Hainan
Island, and even the Chinese mainland in the spring and
summer.
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