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In January 2022, gaseous elemental Hg (GEM) concentrations were continuously monitored at Syowa
Station on East Ongul Island, located ~4 km from the continent on the eastern coast of Lutzow-Holm
Bay, to examine atmospheric Hg concentrations during the summer in the southeastern Antarctic region.
Atmospheric GEM ranged from 0.36 to 1.83 ng m~> average value: 1.01 + 0.21 ng m~* and increased
during the day and decreased at night. While maintaining these diurnal variations, GEM concentrations
increased to 1.99 and 1.55 ng m~> on January 2-3 and 17-20, 2022, respectively. During both events,
the low-pressure system approached the Syowa Station, and the 72 hours backward trajectory analysis
revealed that the air mass originated from open water surfaces, implying that Hg evasion from the sea
surface increased the atmospheric GEM concentration. To investigate the causes of diurnal variation
causes—excluding these two events mentioned—Hg concentrations in the soil [n = 102, 2.61 + 3.16
(0.14-19.0) ng g~1, snow, glacier, and ice sheet around Syowa Station (n = 19, 0.45-5.60 ng L™, as

well as in the atmosphere on the fast ice around the station (0.54-1.10 ng m~3), were measured. The
Received 22nd May 2024

Accepted 22nd October 2024 results revealed that sources such as ornithogenic soil from the penguin rookery around the station,

open water surfaces, and the gaseous oxidized Hg transported inland by katabatic winds did not
DO 10.1035/d4va00166d contribute to the daytime GEM concentration increases. The cause of the summer diurnal variation at

rsc.li/esadvances Syowa Station was unidentified and warrants further investigation.

Environmental significance

In 2017, the Minamata Convention on Mercury came into force, marking a significant global effort to address mercury pollution. Understanding the global
dynamics of mercury has since become a critical environmental science issue. Antarctica, as one of the last pristine environments on Earth, remains free from
most human activities, making it a unique region for studying natural mercury cycles. In particular, the ice-free coastal areas of Antarctica have shown signs of
mercury bioaccumulation. Therefore, investigating the atmospheric mercury dynamics and identifying the key factors influencing its variations in these coastal
regions is crucial for advancing our understanding of global mercury pollution and its potential impact on such fragile ecosystems.

1 Introduction

Mercury (Hg) is a globally recognized environmental pollutant that
has adverse effects on wildlife and humans, even in low concen-
trations. In response to growing global concerns about Hg
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management, the Minamata Convention was enacted in 2017,
emphasizing the urgency for global management of Hg." Hg is
released from both natural and anthropogenic sources. In the
atmosphere, Hg exists primarily in three forms: gaseous elemental
Hg (GEM), gaseous oxidized Hg (GOM), and particulate bound Hg,
with GEM accounting for >95% of atmospheric Hg.> The lifespan
of GEM released into the atmosphere from both natural and
anthropogenic sources is ~1 year.>* Due to weather conditions, it
can be efficiently transported globally, making it a pollutant of
global concern.* Although GEM is the most abundant form of Hg

© 2025 The Author(s). Published by the Royal Society of Chemistry


http://crossmark.crossref.org/dialog/?doi=10.1039/d4va00166d&domain=pdf&date_stamp=2025-01-11
http://orcid.org/0000-0002-3190-5609
http://orcid.org/0000-0003-1976-3596
http://orcid.org/0000-0001-5160-6086
http://orcid.org/0000-0002-6803-6996
https://doi.org/10.1039/d4va00166d
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d4va00166d
https://pubs.rsc.org/en/journals/journal/VA
https://pubs.rsc.org/en/journals/journal/VA?issueid=VA004001

Open Access Article. Published on 12 November 2024. Downloaded on 1/25/2026 12:09:30 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

in the atmosphere, it can be oxidized to form highly reactive GOM,
which is rapidly deposited onto land.®

Antarctica is the only continent that retains some of the most
pristine environments and is largely unaffected by human
activities.® Generally, the ice-covered continent surface is
considered chemically inactive; however, it is highly photo-
chemically active under sunlight.” Observations from 2011 to
2015 and model validations indicate that extensive GEM
oxidation by high quantities of oxidants such as O; and NO, in
the air boundary layer over the Antarctic ice sheet produces
GOM, which then accumulates on the snow surface. This is
followed by GOM photoreduction in the presence of sunlight,
which releases GEM back into the atmosphere, causing diurnal
variations in atmospheric GEM concentration.® Furthermore,
regions along the Antarctic coast, heavily impacted by katabatic
winds, are influenced by the GOM-rich air masses generated
over the inland of the Antarctic ice sheet.®

According to reports from the Dumont d'Urville station
(DDU), located ~1 km from the Antarctic mainland, GOM-rich air
masses moved from the inland Antarctica deposit onto the snow
surface and were re-emitted as GEM. Moreover, ocean eversion
and Hg released from penguin guano-derived soils also regulate
Hg concentrations, resulting in similar diurnal variations in GEM
levels observed during the summer at this station.® In contrast,
no GEM diurnal variations have been observed at the Troll
station, ~200 km inland and at a height of 1275 m, likely due to
the absence of contributing sources or sinks.*’

Studies on atmospheric Hg in Antarctica are limited,***** and
it is unclear whether the diurnal variations observed at DDU are
unique or occur in other coastal Antarctic regions. However,
considering the increase in snow Hg concentrations from the
inland of Antarctica to the coast” and the increased bio-
accumulation in soil, moss, and lichen collected from ice-free
coastal areas,** the coastal Antarctic ecosystem may become an
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Hg sink. Understanding the Hg dynamics in the coastal regions
of Antarctica is crucial for ecosystem conservation.

Here, continuous atmospheric Hg observations were con-
ducted in January 2022 at the Syowa Station to identify any
variations in atmospheric Hg concentrations. Additionally,
snow and soil Hg concentrations were measured at several
locations within and around the Syowa Station, East Ongul
Island, 4 km from the coast of Liitzow-Holm Bay in East Ant-
arctica. The island was surrounded by fast ice during the
observations since it is unaffected by katabatic winds and lacks
notable penguin nesting sites. The aim of this study was to
determine whether the summer diurnal variations observed at
DDU were also present at Syowa Station. Additionally, the study
sought to evaluate whether these variations were attributable to
open water surface evasion, local GEM sources at Syowa Station,
or the cyclic deposition of GOM and re-emission of GEM from
air masses influenced by katabatic winds.

2 Materials and methods
2.1 Site description and sample collection

GEM was monitored at the fundamental observation building
within Syowa Station (69°00'14.4” S, 39°34’46.7" E) and on the
observation deck of the icebreaker Shirase, anchored in the fast
ice (69°05'22.6” S, 39°27'06.6” E) [Fig. S1(b) and (c)}]. Syowa
Station has various facilities, including administrative, power
generation, residential, facilities.” At Syowa Station—the only
known anthropogenic Hg source in Liitzow-Holm Bay—there
are two power generation facilities and one waste incineration
facility which are Hg point sources.*

Here, Hg monitors (AM-5, Nippon Instruments Corporation)
were installed in the fundamental observation building
[Fig. S1(c)T],* at distances of 140 and 180 m from the two power
generation buildings and 150 m from the incinerator. The
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Fig. 1 Relationship between GEM and wind speed and direction at Syowa station. (a) wind rose, (b) daily fluctuation illustrated by the wind

direction, and (c) diurnal fluctuation illustrated by the wind speed.
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Table 1 Hg concentration in snow, glacier, and ice sheet samples around Lutzow-Holm Bay

Site name
East Ongul Is.
Syowa station
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8,10,11

7,9
6
5

0.35 =+ 0.18 (0.20-0.61)
1.90 + 0.61 (1.51-2.60)

0.13
5.31

0.19 + 0.11 (0.05-0.30)
0.42 + 0.23 (0.16-0.48)

0.32
0.29
0.76
0.54

0.55 + 0.24 (0.37-0.91)
2.31 + 0.38 (2.07-2.75)

0.45
5.60

9
29
0
121
70
9

39.572806
39.572806
39.557156
39.41193
40.47261

—69.006794
—69.006794
—69.022742
—69.67587
—68.72504
—68.911203
—69.20281
—69.028903

4
3
1
1

13-20

0-1
13

Snow
Snow
Snow
Snow
Snow

West Ongul Is.

Skallen

Adv, 2025,

Advances

2.92
0.11

3.69
0.64

1

Tama misaki cape
Tottsuki misaki

2
3
4

0.51 4 0.12 (0.41-0.65)  1.46 + 0.51 (0.87-1.79)
0.45 & 0.04 (0.42-0.48)  0.33 = 0.06 (0.29-0.37)

1.96 + 0.39 (1.51-2.20)
0.78 % 0.02 (0.76-0.79)

66!
584

39.819489
39.82299
40.060569

1
3
2

a
a
a

Glacier/ice sheet
Glacier/ice sheet
Glacier/ice sheet

Langovde glacier

S16

, 172-179

@ Unknown. ” Dataset obtained from Google earth. ¢ This sampling points are linked to Fig S1.
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various facilities around Syowa Station are located east and
south of the GEM sampling location (Fundamental observation
building). The wind direction frequency observed here was
<10% from east to SSW [Fig. 1(a)], and the maximum wind
speed was 4-6 m s~ ', indicating limited impact on the building.
Here, Hg was monitored using atomic fluorescence spectros-
copy (AFS) with gold amalgamation and argon as the carrier gas,
and the limit of detection was 0.1 pg. In studies using the
Tekran 2537A (CVAFS method), researchers have measured
total gaseous Hg as the sum of GEM and GOM. However, a soda
lime filter attached to the inlet removed most of the GOM,
allowing for GEM measurement.'®” Here, a poly tetrafluoro-
ethylene filter with a pore size of 0.45 pm and soda lime were
attached to the inlet to measure GEM. Air was sampled using
a Teflon tube through an inlet on the 2nd floor of the Funda-
mental observation building. For quality control, an Hg vapor
calibrator (MB-1, Nippon Instruments Corporation) and
a Hamilton syringe were used to manually inject saturated Hg
vapor from temperature-controlled vessels at the time of
installation. An automated calibrator (MGA-1, Nippon Instru-
ments Corporation) was attached to the Hg monitor for auto-
matic calibration every 24 h.

The observation period was from December 30, 2021, to
January 30, 2022. Observations on the Shirase were conducted
when it was anchored on the fast ice ~1.5 km from the main
unit of Syowa Station (69°00'23.9” S, 39°36’59.0” E). A portable
Hg monitor (EMP-3 Gold+, Nippon Instruments Corporation)—
which uses a battery as a power source—was installed on the
observation deck at the stern of the Shirase, located ~15 m
above the sea ice surface. This monitor uses gold amalgamation
concentrations for atomic absorption spectrophotometry, and
by attaching the Gold + unit to the monitor, the detection limit
was reduced to 0.002 ng. After creating the calibration curve
using a mercury vapor monitor (MB-1, Nippon Instruments
Corporation), a 30 pL sample was isolated, and the recovery rate
was determined (n = 5, with 99.2% recovery). This process was
conducted to verify the precision and accuracy of the
measurements as part of the quality assurance/quality control
(QA/QC) procedures.

The Shirase was anchored in an area covered with ice during
the survey, with open water only at the stern, where the ice was
broken by icebreaking navigation. Observations were conducted
on December 16-18, 20, and 22, 2021, and January 2, 2022.
Since members of the Japanese Antarctic Research Expedition
(JARE) dwell at Syowa Station and seldom return to the Shirase
during the summer, observations were feasible only when the
author stayed there.

2.2 Collection and analysis of snow, glacier, and ice sheet
samples

Snow, glacier, and ice sheet samples (n = 16) were collected
from both East and West Ongul Island within Syowa Station and
several coastal areas of Antarctica surveyed by JARE (Fig. S1 and
S31). The collection period lasted from December 28, 2021, to
February 8, 2022, and samples were collected at locations and
times that were surveyed by the author. Fresh snow was

© 2025 The Author(s). Published by the Royal Society of Chemistry
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collected at Syowa Station within 0-1 day of snowfall (Table 1).
The samples were collected in Ziploc plastic bags and trans-
ported and frozen until further analysis. Snow crusts were
broken using a stainless-steel shovel before collection.

The samples were then transferred to beakers on a clean
bench, melted at 20 °C, and immediately analyzed. The beakers
used for melting were pre-cleaned with acid, rinsed with ultra-
pure water (18.2 MQ), and dried before use. The samples were
pretreated with BrCl (0.5 mL/100 mL of the sample) for at least
3 h before measurement to oxidize organic Hg and particulate
Hg (P-Hg) to Hg(u), which reacts with tin chloride. For a 5 mL
sample, 1.1 mL of a mixed reagent of 5 N NaOH and 1000 ppm
Cu** (CuS0,-5H,0) was added, followed by 0.3 mL of 10% SnCl,
for reduction vaporization.

Atomized Hg was concentrated in a gold trap tube and
quantified using reduction vaporization cold atomic fluores-
cence spectrophotometry (RA3000FG+, Nippon Instruments
Corporation). Total Hg (T-Hg) and dissolved Hg (D-Hg) were
measured, and P-Hg was calculated from the difference between
T-Hg and D-Hg. For quantification of D-Hg, the filtrate obtained
by filtering the sample through a 0.45 pm poly tetrafluoro-
ethylene filter (ADVANTEC, 25HP045AN) was used.”® The
detection limits were 0.1 ng L~'. Three measurements were
performed for each sample, and the coefficient of variation of
the measurement results was <10%. QA/QC was performed
using NIST standard reference material 1641e Hg in water, with
a recovery rate of 95.8% (n = 3).

2.3 Observation and quantification of Hg in soil

Soil samples were collected from East Ongul Island from
December 21-27, 2007 (JARE 49, summer period) at intervals of
100 or 200 m in a mechanically meshed pattern (n = 102)
(Fig. S2t). The samples were collected in Spitz tubes using
sterilized plastic spoons, transported and frozen until further
analysis. Before analysis, the samples were sieved through a 500
pm mesh sieve, and fractions <500 pm were freeze-dried (FDU-
1200, Tokyo Rika Kikai Co. Ltd) and then ground using an agate
mortar (n = 3). The amount of soil Hg was determined using
a heat-vaporization cold-vapor atomic absorption spectrometer
(MA-2000 Nippon Instruments). Standard reference materials
(CRM 482, trace elements in lichen) were analyzed for QA/QC,
and Hg recovery was 97 £ 4.6%.

2.4 Air mass back trajectories

To understand air mass pathways, a backward trajectory anal-
ysis was conducted using the hybrid simple particle Lagrangian
integrated trajectory (HYSPLIT-4) model provided by the
National Oceanic and Atmospheric Administration (NOAA) on
the web (Air Resources Laboratory-HYSPLIT).* The latitude and
longitude of the Fundamental observation building at Syowa
Station were set as the initial coordinates of the starting point,
and the starting altitude was set to 500 m. A backward analysis
spanning 72 h was performed at a rate of one trajectory per
hour.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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2.5 Meteorological and sea ice information

Meteorological observations were conducted at a meteorolog-
ical station inside the Fundamental observation building, and
the data are publicly available.?® Sea ice data were obtained from
the University of Bremen.**

3 Results and discussion
3.1 GEM concentrations in Antarctica

During the survey period, the average GEM concentration
recorded using the Hg monitor at the Fundamental observation
building was 1.01 £ 0.21 (range: 0.36-1.83) ng m > [Fig. 2(a)].
This is comparable to the concentrations reported for other
regions of Antarctica, such as 0.69 + 0.35 ng m ™ at the Con-
cordia Station on the Dome C site (French/Italian Station: DC)
station during the summer,® 0.9 &+ 0.3 ng m * at the Italian
Antarctic Station in Terra Nova Bay,'? 1.06 & 0.24 ng m~* at the
German Antarctic Research Station Neumayer,® and 0.93 £ 0.19
ng m~* at the Norwegian Antarctic Research Station Troll.®

Summer diurnal variations at the inland DC station and the
considerable influence of katabatic winds at DDU Station
resulted in average summer GEM concentrations of 0.78 + 0.46
ng m > and 0.88 + 0.32 ng m >, respectively, lower than the
GEM concentrations at the Fundamental observation building.

The lower average GEM concentration at the DC station
during summer is assumed to be due to intense GEM oxidation
by reactive bromine species present in the atmospheric
boundary layer.® The oxidized GEM converts to GOM and
undergoes dry deposition on the snow surface; however, GEM is
released back into the atmosphere because of GOM photore-
duction in the top layer of the snow.? Hg concentrations in the
snow increased from 4.2 (inland) to 194.4 ng L' (coastal),
suggesting that GOM is carried from the Antarctic interior to the
coast.?

At Syowa Station (East Ongul Island), T-Hg snow concentra-
tions collected immediately (0-1 day) and after (13-20 days)
snowfall were 0.55 & 0.24 (n = 4) and 2.31 £ 0.38 ng L ™" (n = 3),
respectively (Table 1). The T-Hg concentration
(2.31 ng L") collected 13-20 days after snowfall at Syowa
Station was 4.2 times higher than that of snow collected
immediately after snowfall. The percentage of P-Hg relative to
T-Hg in snow 0-1 and 13-20 days after snowfall was 64% (0.35 +
0.18 ng L™ ') and 82% (1.90 + 0.61 ng L"), respectively. The P-
Hg percentage was greater at 13-20 days than that at 0-1 day. In
contrast, the proportion of P-Hg (0.13 ng L™') to T-Hg
(0.45 ng L") in snow collected 13 days after snowfall on West
Ongul Island was 29%, where the ground was mostly covered
with snow at the time of the survey.

The percentage increase of P-Hg in snow samples at Syowa
Station when snow melts and the land revises may have been
influenced by the contribution of sand dust. Additionally, snow,
glacier, and ice sheet samples in Liitzow-Holm Bay collected
with unknown days following snowfall had T-Hg concentrations
ranging from 0.64 to 5.60 ng L', in contrast higher T-Hg
concentrations were reported by Angot et al.® in snow, glacier,
and ice sheet samples collected along the Antarctic coast.

snow
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Fig. 2 GEM concentration, wind direction, and wind speed observed at Syowa Station, Antarctica during Dec 2021 to Jan 2022. (a) GEM

concentration, (b) wind direction, (c) wind speed.

Syowa Station lies 4 km from the Antarctic continent, and
katabatic winds have limited effects as they do not reach the
station.”® A 72 hours trajectory analysis with the 500 m above sea
level. Upper level of the Fundamental observation building as
the starting point further confirmed that the majority of the air
masses during the survey period originated from the coast, and
that katabatic wind influences were minimal. The average wind
speed during the survey period was 5.51 m s~ ,*° comparable to
previous observations at Syowa Station.** Given the higher
average summer GEM concentration (1.01 + 0.21 ng m )
observed at the Fundamental observation building compared
with that at the DC (0.78 & 0.46 ng m>) and DDU (0.88 =+ 0.32
ng m ) stations, it can be concluded that the inflow of GOM-
rich air masses from inland Antarctica during the summer
has minimal impact around Syowa Station.

3.2 Variability in GEM concentration and factors
contributing to its increase

GEM concentration fluctuations during the observation period
showed a distinct diurnal variation with lower concentrations
until 6 a.m., followed by an increase and then decrease after 3
p-m. [Fig. 2(a)]. Two distinct GEM concentration spike events
were observed on January 2-3 and January 17-20, 2022. Peak
GEM concentrations were the highest recorded during the
entire survey period—1.99 and 1.71 ng m ™ on January 2 and 3,
respectively. These values were 1.7 to 2.0 times higher than the
average GEM concentration (1.01 ng m~?) of the survey period.

During these GEM spike events, the predominant wind direc-
tion was north-northeast, and low-pressure systems impacted the
area surrounding Syowa Station which recorded precipitation
from January 1-6, including uncommon rainfall on January 2 and
3, whereas the rest of the period experienced snowfall. The period
from January 17-20 was designated as a “Class B blizzard” by JARE
criteria, with visibility <1 km and wind speeds >15 m s~ " for more

176 | Environ. Sci.: Adv,, 2025, 4, 172-179

than 12 hours, resulting in a restriction on outdoor activities. In
January 2022, the area surrounding Syowa Station generally had
fast ice up to ~68 °S, with open water north of this.

A 72 hours back trajectory analysis revealed that the air
masses during these events originated from ~45 °S, suggesting
that they were transported from open water surfaces. The
concentration of T-Hg in seawater near Casey Station (Australia)
was an order of magnitude greater than that in the open ocean.”
Legrand et al.*>® observed that at the DDU French station, where
the open sea is seen throughout the summer, atmospheric
dimethylsulfide (DMS) and chloride ions increase during sea
breeze events. Furthermore, ice melt was found to increase total
gaseous Hg concentrations in the Arctic.’ A previous study
documented an increase in DMS concentration at Syowa Station
during meteorological disturbances,”®** implying that the GEM
concentration increase on January 2-3 and January 17-20, 2022,
could be attributed to emissions from seawater surfaces caused
by a low pressure. Throughout the survey period, Syowa Station
was surrounded by sea ice; however, an increase in atmospheric
GEM concentrations was observed when air masses arrived from
open water surfaces. According to Angot et al.,® the ocean is one
of the sources of atmospheric GEM along the Antarctic coast.

3.3 Diurnal variations and local GEM sources

Excluding the GEM spike episodes of January 2-3 and January
17-20, 2022, a clear diurnal variation in GEM concentration was
observed throughout the survey period [Fig. 2(a)]. This diurnal
cycle, observed regardless of wind direction, exhibited a trend
similar to that observed at DDU Station by Angot et al ®
implying that the observed diurnal variation is related to local
sources of GEM occurring around noon. This is the second
report of diurnal variation in Antarctic coastal areas, indicating
that this phenomenon may be unique to the coastal regions of
Antarctica.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Because Syowa Station is situated on East Ongul Island,
which is surrounded by the sea on all sides, Hg emissions from
the ocean into the atmosphere could have influenced the
atmospheric GEM concentrations observed here. However,
during the one-month survey period, Syowa Station surround-
ings were covered with sea ice, with open water only at the rear,
where the Shirase breached the ice. When the Shirase was
anchored in the fast ice near the base, atmospheric Hg
concentrations measured at the stern ranged from 0.54 to 1.10
ng m?, comparable with those at Syowa Station and approxi-
mately at the background concentration level of 0.9 ng m~> for
the Southern Hemisphere®® (Fig. 3). Koga et al.*® reported that
DMS concentrations were below detectable levels when the
Shirase was near Syowa Station and surrounded by fast ice. This
indicates that DMS emissions from fast ice are likely negligible.
Diurnal variation in atmospheric GEM concentrations was
observed regardless of wind direction [Fig. 1(b)], indicating that
Hg emissions from the ocean were limited. The area around
Syowa Station was surrounded by fast ice, which is unlikely to
contribute notably to the diurnal variation of GEM observed at
the Fundamental observation building.

In Antarctica, where there are no Hg emission sources except
volcanos, seal mummies and skeletons have been identified as
a source of Hg emissions to the environment.** There are also
high Hg concentrations in catchment area sediments near
penguin colonies in the Ross Sea region®* and in ornithogenic
soils—formed by guano accumulation—on King George
Island.* More than 60000 Adélie penguins nest near DDU
Station, and the decrease in GOM on the snow surface in early
and late summer—with the release of GEM from ornithogenic
soils intensified by the increase in noon temperatures—may
contribute to the diurnal variation from November to February.”
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However, there are no large penguin nesting sites around Syowa
Station, and only 1-2 instances of breeding—timing and scale
unknown—have been confirmed in the past near the survey site
located ~3 km southwest and 1 km northwest of the Funda-
mental observation building.** Throughout the study duration,
wind prevailed from northwest to north northwest [Fig. 1(a)],*
and the impact of ornithogenic soils, if any trace existed at the
sites where breeding was observed in the past, was considered
insignificant.

At the end of summer, snow melts, and the ground is
exposed at Syowa Station. If penguin colonies had previously
nested at here, the soil Hg concentration could have been
higher because of ornithogenic soil residues resulting from
penguin nesting. The average soil Hg concentration measured
from the soil collected in December 2007 on East Ongul Island
(Table 2) was 2.61 + 3.16 (0.14-19.0) pg kg™ (n = 102). The
building of Syowa Station and activities of the expedition
members are mostly restricted to the north side of East Ongul
Island (A-area), with little human access to the south side (B-
area) (Fig S271). The average soil Hg concentrations in A- and
B-areas were 3.01 + 3.47 (0.39-19.0) ug kg™ and 1.22 + 0.75
(0.14-3.1) pg kg ', respectively. Although soil Hg concentra-
tions were higher in the A-area, the difference was not statisti-
cally significant (t-test, P > 0.01).

Generally, soil Hg concentrations in Antarctica are very low.
The background soil Hg concentration on King George Island is
13 pg kg™ ',** and in North Victoria Land, it ranges from 7 to 96
ug kg™*.1435 Conversely, Hg concentrations in guano observed in
Antarctica have been reported as 150 + 8.73 ng g~ 3> At DDU,
where penguin colonies are located near the base, uric acid
from ornithogenic soils is broken down by bacteria, producing
oxalic acid.? This process enhances the photoreduction of GOM
species in water and ice. As a result, midday temperature
increases lead to an intensified release of GEM from the orni-
thogenic soils at DDU, contributing to the diurnal Hg emission
cycle.® In contrast, the soil Hg concentration at Syowa Station
was observed to be lower than these values. Therefore, even if
snow melts and the land around Syowa Station becomes ice-free
in the summer, it is unlikely that soil Hg concentrations can
contribute to diurnal variation. Syowa Station is an ice-free area,
and as mentioned above, the land was exposed in the summer
because of snowmelt. However, 98% of the Antarctic continent
is covered with snow.

Table 2 Mercury concentration in soil sampled at Syowa station and other ice-free area of Antarctica

Site n

Mercury concentration (ng g~ ')

Remarks and references

East Ongul Is. (Syowa station)

Surface soil. This study

Surface soil. Lu et al., 2012 (ref. 35)
Surface soil. Bargagli et al., 1993 (ref. 36)
Surface soil. Bargagli et al., 2005 (ref. 14)

All data 102 2.61 £+ 3.16 (0.14—19.0)
A-area 79 3.01 + 3.47 (0.39—19.0)
B-area 23 1.22 £ 0.75 (0.14-3.15)
King George island 30 13.1

North Victoria land — 7-96

North Victoria land 43 31+19

Ross island, Beaufort island 3 150 + 8.73

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Brooks et al.*® reported an Hg concentration of 67 +£21ng L™"
in coastal snow; however, the values here were lower. Given the
low Hg concentrations in snow and glacier samples collected at
Syowa Station and Liitzow-Holm Bay—immediately after snow-
fall: 0.55 + 0.24 ng L™'; 13-20 days after snowfall: 2.31 +
0.38 ng L™ '—and the results of the 72 h back trajectory analysis,
which showed little evidence of the influence of katabatic winds
[Fig. S4(b)t], the mechanism proposed by Angot et al.® regarding
inland GOM-rich air masses being brought to the Antarctic coast
along with humidity, as the cause of diurnal variation in the
GEM, could not be explained.

The GEM diurnal variation trend was particularly noticeable
after January 20, 2022. At Syowa Station, the midnight sun ends
in mid-January. At DDU Station, the difference between the day
and night GEM concentrations vanishes during polar nights.”
The distinct diurnal variation observed after January 20 is
assumed to be caused by a reduction in daylight during the
night. During the observation period, katabatic winds were
rarely observed, and Hg concentrations in snow, glacier, and ice
sheet samples were low. The hypothesis that GOM is trans-
ported from penguin excrement, evasion from seawater, and
katabatic winds and then deposited in large amounts in snow,
leading to diurnal variation due to Hg release, lacks decisive
evidence. However, the area surrounding the survey site was
covered with a considerable amount of snow. Even if snow Hg
concentrations are low, the release of GEM from the snow
surface during the day may play a role in the diurnal variation of
atmospheric GEM but further investigation is required.

4 Conclusions

Atmospheric GEM concentrations were continuously monitored
at the Fundamental observation building of Syowa Station in
January 2022. Diurnal variation was observed throughout the
study period, with GEM concentrations increasing during the
day and decreasing at night. Two episodes of high GEM
concentrations were observed on January 2-3 and January 17-
20, 2022, possibly caused by Hg emissions from the sea surface
owing to the low-pressure system. To investigate the cause of
the diurnal variation, excluding these periods, the following
were determined: soil Hg concentrations within Syowa Station;
Hg concentrations in snow, glaciers, and ice sheets in and
around the ice-free areas of Syowa Station; and the influence of
atmospheric Hg on the fast ice covering the area around the
base. However, none of these sources contributed to an increase
in GEM concentration during the day. Nevertheless, since the
majority of the Antarctic continent is covered with snow, further
investigation on emissions from snow may be needed despite
the low Hg concentration in the snow. Additionally, diurnal
variation during the summer has only been reported at the DDU
Station. Similar diurnal variations at Syowa Station in summer
suggest that this may be a characteristic of Antarctic coastal
regions, and studies in coastal areas may be important.
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