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Abstract

Total gaseous mercury (TGM) was continuously monitored at a remote site (CBS) in the
Mt. Changbai area, northeastern China biennially from 24 October 2008 to 31 October
2010. The overall mean TGM concentration was 1.60 £ 0.51 ng m_3, which is lower
than those reported from remote sites in eastern, southwestern and western China,
indicating a relatively low regional anthropogenic mercury (Hg) emission intensity in
northeastern China. Measurements at a site in the vicinity (~1.2 km) of the CBS station
during August 2005 and July 2006 showed a significantly higher mean TGM concentra-
tion of 3.58 +1.78ng m~2. The divergent result was partially attributed to fluctuations
in the regional surface wind system and moreover an effect of local emission sources.
The temporal variation of TGM at CBS was obviously influenced by regional sources
as well as long-range transported Hg. Regional sources, frequently contributing to
episodical high TGM concentrations, were pinpointed as a large iron mining district in
northern North Korea and two large power plants and urban areas to the southwest of
the sampling site. Source areas in Beijing, Tianjin, southern Liaoning, Hebei, north-
western Shanxi and northwestern Shandong were found to contribute to elevated TGM
observations at CBS via long-range transport. The diurnal pattern of TGM at CBS was
mainly regulated by regional sources, likely as well as intrusion of air masses from the
free troposphere during summer season. There are no discernible seasonal pattern of
TGM at CBS, which mainly showed links with the patterns of regional air movements
and long-range transport.

1 Introduction

Mercury (Hg) is a persistent, bio-accumulative and toxic chemical in the environment
and has potential adverse effects to human health. Hg in the atmosphere, which is de-
rived from both anthropogenic and natural emission sources, is generally operationally
defined into three major forms, namely elemental gaseous mercury (GEM), reactive
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gaseous mercury (RGM) and particulate mercury (PHg), with the sum of GEM and
RGM known as total gaseous mercury (TGM). Due to its high surface reactivity and
water solubility, RGM and PHg are readily deposited on a local and/or regional scale.
On the contrary, GEM, the most abundant form of Hg in the atmosphere (> 90 %), has
an atmospheric residence time of ~0.5-2 yr that is compatible with intra-hemispherical
mixing (Schroeder and Munthe, 1998; Lindberg et al., 2007).

Recently, significant efforts have been invested into measure atmospheric TGM in
remote areas on a global scale and to evaluate the effect of long-range transport, local
and regional sources, as well as atmospheric physical and chemical processes on the
observations. The mean level of TGM in remote areas of North America and Europe
have been reported in the range of 1.3-1.7 ng m~3 (e.g., Lee et al., 1998; Kellerhals et
al., 2003; Poissant et al., 2005; Kock et al., 2005; Choi et al., 2008; Mao et al., 2008;
Engle et al., 2010), and for the Southern Hemisphere in the range of 0.9-1.3ng m™3
(Temme et al., 2003; Slemr et al., 2008; Brunke et al., 2010). Nevertheless, obser-
vations of TGM in many relatively remote areas of East Asia tend to be comparatively
elevated (Nguyen et al., 2007; Fu et al., 2008, 2010a, 2011; Wan et al., 2009; Ci et
al.,, 2011). The spatial distribution of atmospheric surface layer TGM can at large be
convoluted by using global anthropogenic Hg emission inventories as a reference (Wil-
son et al., 2006; Pacyna et al., 2011), indicating the anthropogenic Hg sources play a
dominant role in the atmospheric TGM distributions.

East Asia is ranked as the world’s largest anthropogenic source region of atmo-
spheric Hg, where in China the majority (~83 %) of the emissions originates from coal
combustion and non-ferrous smelting activities (Wu et al., 2006; Pirrone et al., 2010;
Pacyna et al., 2011). The density of anthropogenic Hg emission in China displays a
distinct regional distribution pattern with relatively higher emissions in central, eastern,
southern and southwestern China. Long-term monitoring of TGM at remote sites is cru-
cial to assess the regional atmospheric Hg budget. A study conducted in a remote re-
gion of southwestern China showed a mean TGM concentration of 2.80 + 1.51 ng m™>
(Fu et al., 2010), which is clearly elevated compared to the northern hemispherical
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background (1.5-1.7 ng m‘3, Lindberg et al., 2007; Valente et al., 2007), indicating rel-
atively high anthropogenic Hg emission in the specific region. Nevertheless, long-term
studies of atmospheric TGM are very limited in China. Due to the impact of local emis-
sions and strong regional sources, some of the previous studies tend to overestimate
the regional background levels of atmospheric TGM (i.e., Fu et al., 2009; Wan et al.,
2009). In the present study, we conducted a two year continuous measurement of
atmospheric TGM at a remote site in Mt. Changbai area, northeastern China. Based
on this long-term dataset, we discuss in this paper the impacts of local and regional
sources on the observations. We have used a hybrid receptor model to identify the
potential source regions and pathways that contributing to the elevated TGM concen-
trations in the study area via long-range transport.

2 Experimental
2.1 Sampling locations

The sampling site (CBS: 42°24'0.9" N, 128°06'45" E, 741 ma.s.l.) is operated by the
Chinese Terrestrial Ecosystem Flux Research Network and situated about 40km to
the north of the major peak of Changbai mountain range (Fig. 1). This mountain range
stretches more than 1000 km from southwest to northeast. During the calendar year
of 2005-2006, Wan et al. (2009) carried out a one-year measurement of atmospheric
TGM in the Open Research Station of Changbai Mountain Forest Ecosystem, Chinese
Academy of Sciences (S2, Fig. 1c, 42°24'0.1" N, 128°06'25" E, 738.1 ma.s.l.), which
is in-turn located about 1.2 km to the west of the CBS station.

Regions to the west and south of the sampling site consist of naturally preserved for-
est and mountainous areas without any significant sources of atmospheric pollutants.
Most of the regional large point sources and major settlements are located to the west
of the sampling site (Fig. 1c). For example, Baishan city, with a pollution of ~300 000
and a large coal-fired power plant, is located 150 km southwest to the sampling site,
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and Tonghua city, with a population of 450000 and a large coal-fired power plant, is
located about 190 km southwest to the sampling site (Fig. 1c). Figure 1a shows the
locations of large coal-fired power plants (incl. installed capacity >1000 MW) in East
Asia. Most of these large point sources are situated more than 300 km to the west and
southwest of our study area. Baihe town, a major settlement in the local area with a
population of 49000, is located about 4 km to the northeast of the sampling site and
may constitute a local emission source of Hg.

2.2 TGM measurement method

During 24 October 2008 and 31 October 2010, TGM concentration in ambient air was
continuously monitored using an automated Hg vapour analyser (Tekran 2537A). The
operation of the instrument relying on pre-concentration of TGM onto gold traps, fol-
lowed by thermal desorption and detection of HgO by cold vapour atomic fluorescence
spectrometry. The instrument features two gold cartridges working in parallel. While
one cartridge is collecting TGM, the other one is performing an analysis of the collected
TGM. The function of the cartridges is then reversed, allowing continuous sampling of
ambient air. The sampling inlet was mounted at a height of 2-3 m above the forest
canopy by using a 25 m Teflon tube and a 15m heated Teflon tube. Particulate matter
in ambient air was removed using a 45-mm diameter Teflon filter (pore size 0.2 um)
upstream of the analyser, which was replaced every two week. The analyser was pro-
grammed to measure atmospheric TGM at a time resolution of 5min and at a sampling
flow rate of 1.0lmin™". The detection limit of the analyser was determined to about
0.15ng m~3. Calibrations of the analyser were invoked automatically every 25h by
means of using the instrument’s internal Hg permeation source. The emission rate of
the permeation source was verified every 4—6 months by performing manual injections
of Hg0 by a syringe from an external Hg vapour source (Tekran 2505). During sam-
pling, a standard addition unit (Tekran 1120) was employed to make real-time check of
the measurements, and results from the standard addition unit were comparable to the
auto calibrations results (ratio = 1.08 £ 0.10).
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Hourly averaged meteorological parameters including wind speed and wind direction
were retrieved from the station S2 as such measurements were not available at CBS.
Since S2 was located about 1.2km from CBS and the surrounding areas were char-
acterised by flat terrain, the meteorological parameters measured at S2 were used for
further analysis at CBS.

2.3 Potential Source Contribution Function (PSCF) analysis

To identify the possible impacts of long-range transport on atmospheric TGM, 5-day
backward trajectories arriving at CBS at a height of 500, 1000 and 1500 m above
ground level were calculated using a Geographical Information System based software
(Wang et al., 2009) and gridded meteorological data from the US National Oceanic and
Atmospheric Administration (NOAA).

The calculated backward trajectories were used to make Potential Source Contribu-
tion Function (PSCF) analysis of atmospheric TGM at Mt. Changbai, which has been
applied in many previous studies to identify possible source areas for the measured
atmospheric pollutants (e.g., Kim et al., 2005; Choi et al., 2008). The PSCF values for
the grid cells in the study domain were calculated by counting the trajectory segment
endpoints that terminate within each cell. The number of endpoints that fall in the //-th
cell is designated as N;;. The number of endpoints for the same cell corresponding to
TGM concentrations higher than an arbitrarily set criterion (mean TGM concentration
during the whole sampling campaign was used here) is defined to be M;;. The PSCF
value for the /j-th cell is then defined as:

PSCF,; =M, +N;; (1)

Since backward trajectories starting at different heights traverse different distances
and pathways, multiple height PSCF analysis was performed with starting elevations
of 500, 1000 and 1500 m above ground level, respectively. The total endpoints in
the geophysical region covered were 234 998 and the geophysical region was divided
into 9801 grid cells of 0.5 x 0.5 latitude and longitude. To reduce the effect of small
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values of N;;, the PSCF values were multiplied by an arbitrary weight function W;; to
better reflect the uncertainty in the values for these cells (Polissar et al., 2001). The
weighting function reduced the PSCF values when the total number of the endpoints
in a particular cell (N;;) was less than about three times the average value of the end
points per each cell:

1.0 N;j>3Nae
W = J 070 BN >Ny > 15N, @
17N 0.40  1.5Nae>N;; > Noye
020 Nae>N,

3 Results and discussion
3.1 Overall characteristics of TGM distribution in ambient air

Figure 2 shows the time series of atmospheric TGM concentrations from 24 October
2008 to 31 October 2010 at CBS. The majority of the data (75.5 %) fell in the range of
1.0-2.0ng m~, which is commonly regarded as the values observed at remote sites in
the Northern Hemisphere. However, episodes with elevated TGM concentrations were
intermittently observed during the whole sampling campaign, by that 18.1 % and 0.2 %
of the data exceeded the level of 2.0 and 4.0 ng m=3, respectively.

Overall mean TGM concentration at CBS was 1.60+0.51ng m=3.  This is
significantly lower than the results of previous observational studies conducted
at remote sites in Chinese mainland, such as: Mt. Waliguan in northwestern
China (1.98 +£0.98ng m~3, Fu et al., 201 1), Mt. Leigong in southwestern China
(2.80+1.51ng m'3, Fu et al., 2010), Shangri-La observatory in southwestern China
(2.59+1.33ng m‘3, Zhang et al., 2011) and Chengshantou marine station in eastern
China (2.31 £0.74ng m'3, Ci et al., 2011), but is comparable to those observed from
remote areas in Europe and North America (1.0 ~ 2.0ng m‘3, e.g., Kock et al., 2005;
Poissant et al., 2005; Choi et al., 2008; Mao et al., 2008; Engle et al., 2010). Our
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result also compares favourably with the TGM level predicted from modelling studies
(Lin et al., 2010; Li et al., 2010),. The relatively low TGM level observed at CBS can
be explained by a combination of factors. First of all, the study area is relatively iso-
lated from dominant source regions of China. As can be seen from Fig. 1a, most of
the large coal-fired power plants (>1000 MW) are located at more than 200 km from
the sampling site. Moreover, large industrial centres and urban areas associated with
significant anthropogenic Hg emissions are located more than 100 km from the study
area (Baihe town was found to have a limited effect on TGM levels at CBS site, which
will be further discussed in Sect. 3.2). Moreover, northeastern Asia is regarded as a
region with relatively low anthropogenic Hg emissions, which receives background air
masses from Siberia and Northern Pacific Ocean (Wilson et al., 2006; Pacyna et al.,
2010).

3.2 A comparison to a previous monitoring at S2: implication of long-range
transport, regional and local impacts

During 5 August 2005 and 5 July 2006, Wan et al. (2009) carried out TGM measure-
ments at the site S2 (~1.2 km to the west of CBS, cf. Fig. 1a and b). The overall mean
TGM concentration at S2 was 3.58 £ 1.78 ng m~2, which is more than twofold higher
compared to the present study. Given the proximity between the stations, we may hy-
pothesize that the significant inter-stational difference in TGM concentrations is mostly
due to an abrupt temporal shift in the source strength of the regional and local sources.

Figure 3a and 3b display the wind rose and TGM concentration distribution as a func-
tion of wind direction at CBS, respectively. During the study period 2008-2010, most
of the surface air flows were derived from a easterly sector; whereas air flows from
southwest to northeast passing over the major regional sources, were encountered at
considerably lower frequencies. TGM concentrations exhibited a strong dependence
on wind directions at CBS. As shown in Fig. 3b, wind flows from the southwestern
sector were frequently associated with elevated TGM concentrations (1.6—1.8ng m_S)
than other sectors. This corresponds very well with the locations of the two largest
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coal-fired power plants and large cities to the southwest of the sampling site (Fig. 1c),
which should be the most significant sources of atmospheric TGM in the Mt. Changbai
area. However, it should be pointed out that the regional sources to the west were
not likely to contribute significantly to the sampling site, mainly because air flows from
southwest to northwest constituted a small portion during the study period. On the
other hand, air flows from north to west and south showed relatively low TGM con-
centrations of 1.4-1.6 ng m™3 (Fig. 3b), with the exception of easterly flow. The slightly
elevated TGM mean concentrations associated with easterly flow can potentially be
attributed to Hg emissions from Maoshan iron mining area in northern North Korea,
which is one of the largest opencast operating iron mining areas in the Northeast Asia
located ~100km to the east of CBS (Fig. 1). Since air flows from the eastern direc-
tion were most abundant, it could be speculated that Hg emissions from the mining
area have a relatively high impact on the TGM observations at CBS. On the contrary,
we were not able to identify elevated TGM concentrations associated with air flows
originated from and/or passed over Baihe town.

Effects of long-range transport of air pollutants on the TGM level at CBS were eval-
uated by using the PSCF analysis. As shown in Fig. 4, Beijing, Tianjin, northwestern
Shanxi, northwestern Shandong, Hebei and southern Liaoning provinces in northern
China as well as southern North Korea were identified as potential source regions and
pathways that contributed to the CBS sampling site. The distribution of areas with high
PSCF values corresponds very well with the anthropogenic Hg emission in eastern
Asia (Fig. 4), indicating that long-range transport of Hg from strong source regions
influences TGM distribution in ambient air at CBS. Northern central China including
Beijing, Tianjin, Shanxi, Hebei, Shandong and Liaoning is an important anthropogenic
source region of China, and it was predicted that 140 tons of Hg was emitted in the
atmosphere in 2003 (Wu et al., 2006). There is a lack of long-term monitoring studies
of ambient TGM in this region, however, a monitoring survey of TGM at rural, suburban
and urban sites of Beijing municipality revealed elevated levels (mean range from 3.1
to 24.7 ng m~2) of TGM, indicating significant regional sources of this air pollutant (Liu
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et al.,, 2002). The potential area identified in southern North Korea includes several
large coal-fired power plants (Fig. 1) and being classified as a high anthropogenic Hg
emission region according to emission inventory estimates (e.g., Shetty et al., 2008;
Wilson et al., 2006; Pacyna et al., 2010). Northern Bohai Sea was also identified as a
potential source region to the CBS. We conclude that this mainly results from anthro-
pogenic Hg emissions from surrounding areas of the Bohai Sea. As shown in Fig. 1a,
there are a number of large coal-fired power plants in the coastal areas of Bohai Sea.
Besides, there are also a number of large cities and industrial factories (e.g., large Zinc
plants, chlor-alkali plants) in this area (Wang et al., 2009; Li et al., 2010).

In contrast, TGM concentrations at S2 during August 2005 and July 2006 were
mainly affected by regional and local sources. As shown in Fig. 3c, surface wind sys-
tem at S2 during October 2005 and July 2006 showed a quite different distribution
pattern with CBS, with southwest as the predominant wind direction. Since most of the
regional sources were located to the southwest of the sampling site, the predominant
southwesterly flow plausibly contributed to the elevated levels of TGM at S2.

Besides, we suggest emissions from coal and biomass burning in the station and
the Baihe town also played an important role in TGM distribution at S2. The Chang-
bai mountain forest ecosystem research station is generally open to the scientific
researchers during summer season (July to September). During the opening sea-
son, coal and biomass burning for cooking is prevalent and releases Hg to the at-
mosphere. As shown in Fig. 5, TGM concentrations at S2 during the opening sea-
son varied significantly and exhibited a much higher mean TGM concentration (mean
4.49+£2.44ng m_3) compared to other seasons (mean 3.02 + 1.44ng m_s), indicating
the significant impact of Hg emissions deriving from inside the research station area.
Nevertheless, in the study of Wan et al. (2009), the highest mean TGM concentrations
at S2 were observed under northerly to westerly flow patterns (Fig. 3d), which is not
consistent with the results obtained at CBS. This indicates that, unlike the site of CBS
in this study, Hg emissions from Baihe town more than likely had a notable impact at
S2. Partially, the relative proximity of S2 to Baihe town compared to CBS could result
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in a larger impact, but it is also plausible that the local coal and biomass burning for
domestic heating in recent years has been decreased to yield lower emissions. In gen-
eral, coal and biomass combustion during cold season are very common in most areas
of China. This source has strong seasonal variations with enhanced emissions in cold
months and could play an important role in local atmospheric Hg budget. Previous
study by Fu et al. (2009) in southwestern China revealed that such sources have an
important role in the local atmospheric Hg budget during the cold season by means that
the average TGM concentration downwind of a township was ~2ng m™> (25 %) higher
compared to that of the upwind air. As shown by Wan et al. (2009), elevated TGM
concentrations were observed during cold months at S2, which was partially attributed
to the impact of local sources. The impact of emissions from Baihe town on the obser-
vations made at S2 site was probably enhanced under the presence of a stable local
boundary layer, which corresponded well with the relatively higher TGM concentrations
observed at low wind speed (Wan et al., 2009).

The PSCF results regarding the observational study at S2 suggest a significant im-
pact from local and regional sources. As shown in Fig. 6, a small region to the north
and south of the sampling site were modelled with the highest PSCF value and proba-
bly contributed significant to S2. However, this region had a relatively sparse population
and there is no significant point source. The high PSCF value generated in this area
might be probably due to the trailing effect. In general, PSCF analysis could generate
a constant weight along the path of trajectories, and areas downwind and upwind as
actual source regions are also likely to be identified as potential source regions. As
discussed above, Baihe town, located closely to the north of S2, contributed signifi-
cantly to the high levels of TGM at S2. This local source could probably be responsible
for the high PSCF value in the region to the north of the sampling site. Impact of re-
gional emissions from Baishan and Tonghua on the S2 was not clearly identified by
the PSCF result. It is speculated that Hg released from Baishan and Tonghua urban
areas was mainly carried to the sampling site via local surface wind system, which
may not coincide very well with directions of backward trajectories. Overall, locations
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of source regions at S2 identified by the PSCF analysis do not correspond very well
with large source regions in northeastern and northern China. We suggested that local
and regional sources might play a predominant role in TGM distribution at S2 dur-
ing the sampling campaign, whereas effects from long-range transport might be less
important. Moreover, it also indicates that observations made at sites impacted with
strong local and regional sources are less suitable to identifying potential source and
pathways of pollutants using PSCF method.

3.3 Temporal trends of TGM at CBS

TGM concentrations showed clear diurnal variations at CBS. As shown in Fig. 7, TGM
concentrations during all the seasons tend to increase after sunrise (05:00-06:00 in
local time), with the highest concentrations observed before noon and then decreased
throughout the afternoon and the whole night. This is consistent with the observa-
tions conducted at remote sites in Mt. Leigong and Mt. Gongga, and also compare
favourably to observations at S2 during August 2005 and July 2006. The surface wind
system at CBS was partially controlled by mountain and valley breeze, with air flows
from surrounding low-altitude areas during daytime and from mountain peaks during
night, respectively. We conclude that the elevated TGM concentrations during daytime
were plausibly attributable to the impact of regional sources. During night, TGM con-
centrations in ambient air of the industrial and areas probably increased due to the
significant Hg emissions under shallow nocturnal boundary layer conditions (Lee et al.,
1998; Feng et al., 2004). The Hg-enriched air masses from regional source regions
could be transported to the sampling site via upslope air movements and caused ele-
vated TGM concentrations. The peaks observed before noon were probably due to the
encounters of plumes from coal-fired power plants and urban areas, while decrease of
TGM after noon was likely caused by enhanced vertical atmosphere movement which
diluted the regional atmospheric TGM concentrations.

The diurnal pattern of TGM was especially pronounced during summer, with signifi-
cantly lower nighttime TGM concentrations compared to other seasons. We speculate
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that this is mainly linked to downslope flows originated from free troposphere, which
may have much lower GEM concentrations due to the fast oxidation of GEM by ozone,
OH or possible other oxidants (Swartzendruber et al., 2006; Fain et al., 2009; Slemr et
al., 2009). Also, deposition of TGM on vegetation foliage during leaf-growing season
might play an additional effect to decrease night TGM concentrations (Poissant et al.,
2008).

TGM concentrations did not show clear seasonal patterns at CBS. As shown in
Fig. 8, the highest monthly value was observed in June 2010, with the mean of
2.14ng m~3. However, the monthly mean TGM concentration (1.27 ng m'3) in June
2009 was relatively lower compared to other months. Additionally, during the first year,
months during cold seasons generally showed relatively higher TGM concentrations;
while TGM concentrations were relatively lower in the cold seasons of the second year
(Fig. 8). The seasonal pattern at CBS was quite different from the studies in south-
western China (Feng et al., 2004; Fu et al., 2008, 2010), which showed highly elevated
TGM concentrations in cold seasons related to enhanced local and regional coal com-
bustions. We examined the rising wind during June and October 2010 in which the
highest monthly mean TGM concentrations were observed (2.14 and 1.92 ng m~3, re-
spectively). It is shown that surface wind flows in these two months were mostly from
directions linked to the regional sources as aforementioned (Fig. 9). This indicates
variations of predominant wind directions, which might change sources-receptor re-
lationships in the study area, playing an important role in influencing monthly TGM
variations.

Long-range transport was also responsible for the seasonal variations of TGM at
CBS. Figure 10 shows the seasonal PSCF results at CBS. It is shown that the CBS
was mostly impacted by anthropogenic Hg emissions of Beijing, Tianjin, Hebei and
Liaoning during spring and autumn sampling campaigns during which TGM concentra-
tions were elevated (Table 1). In winter, north of Shanxi province was calculated with
the highest PSCF value (Fig. 10d) and this is probably linked to Hg emission from the
large coal-fired power plants in this area (Fig. 1a). Impact of long-range transport from
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strong source regions of North China tended to decrease in summer, partially because
the study area was controlled by the southeast monsoon which brought air masses
from ocean areas. On the other hand, the dominant southeast monsoon also carried
anthropogenic Hg emission from Korean Peninsula which might be an important source
region to the CBS during summer season (Fig. 10b).

4 Conclusions

In this study, we conducted multi-year (October 2008—-October 2010) continuous
measurements of atmospheric TGM at a remote site in Mt. Changbai area, north-
eastern China. The mean concentration during the whole sampling campaign was
1.60+0.51ng m~. This value is comparable to the values observed from remote ar-
eas in the Northern Hemisphere and might be representative of the large-scale mer-
cury background level in northeastern China. This result is much lower than the mean
concentration (3.58 +£1.78ng m_s) observed at the other site in the study area dur-
ing August 2005 and July 2006. We found that the regional surface wind system
changed significantly in these years, with east as the predominant wind direction in
this study (October 2008—October 2010) and southwest in the previous study (August
2005—-July 2006), respectively. The highly elevated TGM concentrations for the previ-
ous study probably resulted from more pronounced impacts of regional sources which
were mostly situated to the southwest of the study area. Besides, the sampling site
in the previous study was also impacted by coal and biomass Hg emissions from the
station and a major settlement nearby.

Both regional sources and long-range transport impacted the distribution of TGM
in ambient air at CBS; whereas the effect from local sources was minimal. Regional
sources included two large power plants and urban areas situated more than 150 km to
the southwest and an iron mining area situated 100 km to the east of the sampling site.
The regional sources controlled the diurnal distributions of TGM which showed ele-
vated levels during daytime, and also contributed significantly to the monthly variations
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of TGM. Long-range transported Hg originated mostly from Beijing, Tianjin, northwest-
ern Shanxi, northwestern Shandong, Hebei and southern Liaoning, which were gener-
ally regarded as important source regions in China.
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Table 1. Summary of TGM concentrations (ng m~3) at CBS.

Mean Median Std 10th 90th Range N

Spring 1.61 1.51 045 1.16 220 0.37-8.13 43371

Summer  1.52 145 056 090 233 <DI-5.31 37821

Autumn 1.64 1.45 064 1.04 242 <DI-9.50 37363

Winter 1.61 148 047 116 224 051-6.60 45615

Total 1.60 1.48 051 1.08 229 <DI-9.50 164170
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Fig. 1. Map showing (A) location of the sampling site, large coal-fired power plants and air
masse endpoints at CBS during the year of October 2008—October 2010; (B) endpoints at the
site of S2 during August 2005 and July 2006; and (C) regional major settlements and large

point sources in Mt. Changbai area.
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Fig. 2. Time series of TGM concentrations at CBS.
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Fig. 3. (A) Wind rose at CBS during October 2008 and October 2010; (B) directional depen-
dence of TGM concentrations at CBS during October 2008 and October 2010; (C) wind rose
at S2 during August 2005 and July 2006; and (D) directional dependence of TGM at S2 during
August 2005 and July 2006.
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Fig. 4. Likely potential source areas identified by PSCF analysis at CBS for the whole study

period.
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Fig. 5. Time series of TGM concentrations at S2 during the opening season of the station and

other seasons.

30

25

20

10

e Opening season

» Off-season

0
05-7-15

05-9-15

05-11-16

06-1-17

4441

06-3-20

06-5-21

06-7-22

| Jadeq uoissnosigq | Jeded uoissnosiq | Jaded uoissnosiqg

Jaded uoissnasiq

ACPD
12, 4417-4446, 2012

Long-term
monitoring of
atmospheric total
gaseous mercury

X. W. Fu et al.

(&)
()



http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/4417/2012/acpd-12-4417-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/4417/2012/acpd-12-4417-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

i

e 4N A
e

Fig. 6. Likely potential areas at S2 during August 2005 and July 2006.
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Fig. 7. Seasonal diurnal variations of TGM at CBS.
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Fig. 9. Wind rose at CBS in (A) June 2010 and (B) October 2010.

4445

180

Jadeq uoissnosiq | Jadeq uoissnosiq | J4edeq uoissnosiq | Jaded uoissnosi(

ACPD
12, 4417-4446, 2012

Long-term
monitoring of
atmospheric total
gaseous mercury

X. W. Fu et al.

(3 IIIIII
: IIIIII


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/12/4417/2012/acpd-12-4417-2012-print.pdf
http://www.atmos-chem-phys-discuss.net/12/4417/2012/acpd-12-4417-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

(A) Spring

(B) Summer

)

(D) Winter

70

[Pservatues [ 10- 27 2- 4 00 4- 6 I o- S N 8-

Fig. 10. Seasonal PSCF results of TGM at CBS.
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