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Part of the Beringia 2005 expedition covered the North Atlantic Ocean. During this passage, dissolved gaseous
mercury (DGHg) in seawater and atmospheric concentrations of total gaseous mercury (TGHg), carbon
monoxide (CO), and ozone (O3) were measured continuously at high resolution. In addition, meteorological
parameters such as wind speed and water temperature were measured continuously by the ship's
meteorological instrumentation. The DGHg concentration was measured using a continuous equilibrium
system where the elemental mercury in the sea water was equilibrated with a stream of gas. The DGHg
concentration was calculated using DGHg=Hgeq/kH′where Hgeq is the concentration of elemental mercury in
the equilibrated air and kH′ is the dimensionless Henry's law constant. The degree of saturation was
determined directly from the measurements S=Hgeq/TGHg. The water sampled had an average DGHg
concentration of 58±10 fM and the average TGHg concentration was determined to 1.7±0.1 ng m−3. The
water sampled was under- and super-saturated with respect to elemental mercury covering a large range of
saturation of 70 to 230% resulting in an average degree of saturation of 150±30%. Therefore, both evasion and
deposition of elemental mercury were observed in the sampled water. In the light of the average flux, 2.1±
1.8 pmol m−2h−1, it is concluded that mostly evasion occured during the sampling period.
Andersson).
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1. Introduction

Mercury has a complex biogeochemical cycle where transport
between different compartments and chemical transformations have
to be taken into consideration. More than 25 years ago, Brosset (1981)
presented a conceptual view of the mercury cycle based on early
measurements of mercury pollution in Scandinavia. Since then, the
cycle has been revised several times and a recent description was
presented by Mason and Sheu (2002). Moreover, Strode et al. (2007)
modelled the global mercury cycle taking into account the coupling
between the ocean surface and the atmosphere.

Mercury is released to the atmosphere by several different
processes. However, since the industrial revolution, the anthropo-
genic emissions of mercury increased drastically. Pacyna et al. (2001)
concluded that the natural emissions were still greater than the
anthropogenic, but that the latter category was increasing. In turn,
Mason and Sheu (2002) considered the anthropogenic and natural
emissions to have reached the same level. Evasion of volatile mercury
from the oceanic surfaces into the atmosphere is driven by the aquatic
mercury pools of natural and anthropogenic origin, i.e., natural
evasion and re-emission respectively. The re-emission contributes to
the mercury pool in the atmosphere to the same extent as the natural
and anthropogenic emission (Mason and Sheu, 2002). Moreover,
Strode et al. (2007) considered 89% of the total oceanic evasion to be
re-emission.

The greatest source of mercury to the oceans, 90%, is wet and dry
deposition where the mercury is mostly in the oxidised form (Hg(II))
(Mason et al., 1994). The mercury deposited to the oceans follows
different reaction pathways; it may react via biotic processes forming
highly toxic organic mercury compounds, or by biotic and abiotic
reduction processes forming dissolved gaseous mercury (DGHg)
(Allard and Arsenie, 1991; Xiao et al., 1994, 1995; Mason et al.,
1995; Costa and Liss, 1999; Amyot et al., 1997, 2004). Approximately
89% of the DGHg in the mixed layer of the ocean is considered to be
produced via biotic and abiotic reduction processes (Strode et al.,
2007). Due to effective reduction processes, many surface waters are
supersaturated with respect to DGHg (Schroeder and Munthe, 1998;
Fitzgerald et al., 2007). Therefore, a net flux of elemental mercury
occurs to the atmosphere.

At coastal stations, a diurnal variation in the DGHg concentration
has been observed where the DGHg concentration is closely related to
solar radiation; consequently the maximum of DGHg is reached by
midday (Amyot et al., 1994, 1997; Lanzilotta and Ferrara, 2001;
Gårdfeldt et al., 2001). Moreover, in the Mediterranean Sea such
diurnal patterns have been observed at off-shore sites during the
summer and early spring (Andersson et al., 2007; Gårdfeldt et al.,
2003). Fitzgerald et al. (2007) requests high resolution DGHg
measurements in surface waters to detect the fast reactions involving
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oxidation and reduction processes for mercury species to understand
the cycling of Hg.

Different approaches have been used to estimate the air–sea
exchange of elemental mercury between the ocean sea surface and
the atmosphere. Two main approaches have been applied: flux
chambermethods and estimation of flux using empirical relationships
(Xiao et al., 1991; Kim and Lindberg, 1995; Capri and Lindberg, 1998;
Poissant and Casimir, 1998; Ferrara and Mazzolai, 1998; Gårdfeldt et
al., 2001, 2003; Ferrara et al., 2000, 2001; Amyot et al., 2004; Lindberg
et al., 1995; Kim et al., 1995; Rolfhus and Fitzgerald, 2001; Poissant et
al., 2000;Wängberg et al., 2001a, 2001b; Baeyens et al., 1991; Baeyens
and Leermakers, 1998; Cossa et al., 1997; Andersson et al., 2007).
Moreover, micro-meteorological techniques such as relaxed eddy
accumulation (REA) have been used for mercury over soils (Olofsson
et al., 2005; Bash and Miller, 2008) and may be available in the future
for marine mercury measurements since it has been applied for other
species (Zemmelink et al., 2004). The flux chamber methods have
high temporal, but low spatial resolution. However, the measure-
ments cannot be conducted during the movement of a ship or at high
wind speeds. The calculation methods require input of various
parameters, such as total gaseous mercury (TGHg) in air, DGHg in
surface water, wind speed and water temperature. Moreover, if high
time resolution continuous measurement may be applied, the
accuracy of estimating the flux of mercury from the ocean surfaces
will increase.

This work is part of a measurement series (Andersson et al., 2007,
2008a) that studies the variability of marine mercury evasion at
different geographical sites and tests the hypothesis that evasion of
Hg is restricted in colder environments, which contributes to the
accumulation of Hg species in the Arctic. This paper focuses on
mercury air–sea exchange in the North Atlantic Ocean during a
transect as part of the Beringia 2005 expedition. This part is treated
and presented separate from the rest of the expedition due to the
differences between the areas sampled. Another goal was to provide
information and measurements needed to improve the global
mercury budget and cycle which lack measurements in large parts
of the world's oceans and to provide information needed to estimate
the global mercury cycle in a climate change scenario. Measurements
of DGHg, TGHg, carbon monoxide (CO), ozone (O3), temperature, and
wind speed were carried out continuously in the North Atlantic from
Fig. 1. The cruise track. (Program Schlitzer, R., 2009) and the different seas, i.e
north of Scotland to the west of Cape Farewell, Greenland. Using this
data the air–sea exchange of mercury was estimated. The concentra-
tion and the calculated fluxes are discussed from the perspective of
recent estimates of the global mercury cycle.

2. Experimental

From July 7 to 11, 2005, continuous measurements of DGHg, TGHg,
CO, and O3 were carried out along a transect across the North Atlantic
Ocean onboard the Icebreaker Oden during the Beringia 2005
expedition (Fig. 1). The measurements started north of Scotland and
were carried out until reaching the southern part of Greenland. The
main feature of the large scale circulation of waters in the northern
North Atlantic is the sub-polar gyre. Warm and saline waters are
transported north via the North Atlantic Current (NAC) and are
transformed by cooling and freshening into several varieties of
SubPolar Mode Waters (SPMD) distributed over the area (e.g.
McCartney and Talley, 1982; Read, 2001). One branch will continue
north and enter the Nordic Seas and contribute to the Norwegian
Atlantic Current, while other branches continue towards the west,
circulating in the Irminger and Iceland Basins. East of Greenland the
East Greenland Current brings cold, low-salinity waters originating
from the Arctic Ocean and the Nordic Seas. Waters of polar origin mix
with SPDM in the Labrador Sea and forms Subarctic Intermediate
Water (SAIW) which then spreads northeast contributing to a large
part of the mixing, spreading back into the Irminger Basin and
dominates the interior (Fig. 1).

The IB Oden is 108 m long and 31 m wide and was rebuilt to meet
scientific demands. It is equipped with meteorological and oceano-
graphic instrumentations including winches and a CTD system. In this
study, meteorological data was obtained from the ship's regular
instrumentation. Wind speed was measured at the top of the ship,
30 m above sea level, and the water temperature was measured in the
bow water inlet situated approximately 5 m below the sea surface,
depending on the loading of the ship.

TGHg was sampled and analysed using a Tekran 2537A mercury
vapour analyser (Schroeder et al., 1995). The instrument was placed
on the fourthdeckwith an air inlet situated at the samedeck2 mabove
deck at a height of 20 m above the sea level. The tubing was heated to
45 °C due to the temperature differences between the outdoor and
. IrB: Irminger Basin, IB; Iceland Basin, LS: Labrador Sea, NS: Nordic Seas.
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Table 1
Summary of the results.

Parameter⁎ Average Max. Min. Sd

DGM (fM) 58 89 28 10
TGM (ng m−3) 1.7 2.2 1.2 0.1
Saturation (%) 150 230 70 30
Flux (pmol m−2h−1) 2.1 12.6 −3.2 1.8

⁎ Number of samples 559.
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indoor air. The sampling time andflow ratewas 5 min and1.5 Lmin−1,
respectively, which gave a detection limit of 0.1 ng m−3. To maintain
high standardmeasurements the instrumentwas calibrated every two
days using the internal calibration source and biweekly using gaseous
elemental mercury injections.

The DGHg measurements were conducted with a continuous
equilibrium system connected to the ship's bow water inlet
(Andersson et al., 2008b). The system is based on equilibrium
measurements; the incoming water was equilibrated with a stream
of gas and then the equilibrated gas is measured by a Tekran 2537A
and the DGHg can be calculated according to:

DGHg = Hgeq = kH’

where Hgeq is the Hg concentration in the out-going air and kH′ is the
dimensionless Henry's law constant for elemental mercury at the
desired temperature and salinity (Andersson et al., 2008c). In
addition, the degree of saturation S can be calculated directly from
the measurements:

S = Hgeq = TGHg

where TGHg is the concentration ofmercury in ambient air and Hgeq is
the Hg concentration in the out-going air. In order to maintain high
quality data the Tekran instrument was calibrated every week using
the internal source and biweekly using injections of elemental
mercury to the instrument. Along with that discrete samples were
collected and compared to the semi-automatic system on a daily basis,
a more detailed description of the system can be found in Andersson
et al., 2008b.

Calculating the air–sea exchange form measured species is
challenging. There are no models designed for mercury, instead the
models used for CO2 are used and recalculated to fit mercury. Recent
reviews have suggested that the model developed by Nightingale et
al. (2000) best represents the simulations made for mercury evasion
(Qureshi et al., in review).

The model used requires measurements of DGHg, TGHg, water
temperature Tw, and wind speed u10 normalized to 10 m above sea
level. The mercury air–sea exchange was calculated according to:

Hgflux = k × DGHg–TGHg= kH’ð Þ

where Hgflux is the calculated air–sea exchange and k is the gas-
transfer velocity, which is calculated according to the following
equation:

k = 0:22 × u2
10 + 0:333 × u10

� �
× ScHg = 660

� �

u10 is the wind speed normalised to 10 m above sea surface according
to:

u10 = 10:4uzð Þ= ln zð Þ + 8:1ð Þ

where z is the height where the wind speed was measured. The
Schmidt number (Sc) is the ratio between the kinematic viscosity of
the water and the aqueous diffusivity of mercury. The Wilke–Chang
method described in Reid et al. (1987) was used to calculate the ScHg
and correction for sea-water was made (Wanninkhof, 1992 and
references therein). The dependence of temperature and salinity of
the viscosity and the diffusivity was calculated in each case.

The O3 mixing ratios were measured using a O341M, Ansyco
GmbH (Karlsruhe, Germany) analyser based on UV absorption
(Jacobi and Schrems, 1999; Jacobi et al., 2006) with a time
resolution of 10 min. Calibrations were carried out on a daily basis
using an internal ozone generator. The detection limit was 1 ppbV
at a sampling rate of 1 Lmin−1.
CO mixing ratios were measured using an AL 5001, Aero-Laser
GmbH (Garmisch-Partenkirchen, Germany) analyser based on a
vacuum-UV resonance fluorescence technique (Gerbig et al., 1999)
with a time resolution of 0.5 min. The instrument was calibrated daily
using certified CO/synthetic air mixture. The detection limit was
b1 ppbV.

The chlorophyll data used was not ship measurements, but instead
remotely sensed surface ocean chlorophyll a (chl a). The data were
obtained from the ocean color group at Goddard Space Flight Center
(http://oceandata.sci.gsfc.nasa.gov). The product used was the Level-
3 mapped 8-day from the MODIS Aqua satellite, with the resolution of
9 km.

3. Result and discussion

3.1. Measured species

A summary of the results can be seen in Table 1. Fig. 2 shows the
concentrations of DGHg, TGHg, O3 and CO measured. It has previously
been reported that the volatile fraction of mercury, i.e., DGHg, in
surface ocean waters generally consists exclusively of elemental
mercury with a negligible fraction of other volatile mercury spices
such as dimethyl mercury. Therefore, the DGHg measured here
consists entirely of Hg0 (Coquery and Cossa, 1995; Mason and Gill,
2005). The measured DGHg concentration varied between 28 and
89 fM with an average of 58±10 fM in the water sampled. A slight
decrease was observed eastward; however, this decrease cannot be
considered statistically significant (t-test, 95% level of significance).
However, the increase in DGHg concentration observed in the
beginning of the transect can be related to higher chl a, Fig. 3. The
peak observed in chl a coincides with the increase of DGHg in the
surface waters. The variation seen has also been compared to salinity
and water temperature, Fig. 4. It was observed that the salinity shows
three different stages with higher salinity north of Scotland,
decreasing in the open waters and then further decreasing when
reaching the Icelandic ridge. This variation follows the changes in
DGHg concentrations. The chl a can explain the increase in DGHg, but
the salinity might also play an important role in the DGHg
concentration observed. The more saline water originates from the
Atlantic, which may contain more mercury, however, since there is a
limited amount of data collected in the Atlantic Ocean, this statement
needs further investigation. Since the waters in the North Atlantic
were very close to saturation, Fig. 5, it can be speculated that the
salinity alongwith temperature has a great influence on themeasured
DGHg concentration.

Only a few measurements campaigns for DGHg have been carried
out in this area and adjacent regions. Mason et al. (1998) reported
average DGHg concentrations from this area at 650±390 fM, varying
from 150 to 1500 fM, which are considerably higher then what was
measured in this study. However, Mason et al. (1998) concluded that
their concentrations represent a non-steady-state and the calculated
air–sea exchange cannot be supported by atmospheric deposition or
diffusion of Hg from deeper ocean layers. Table 2 shows a summary of
DGHg observations from various oceanic waters. Large differences are
observed in the published data, which means that more measure-
ments are needed to be able to understand the complex process

http://dx.doi.org/10.1029/2005jd006715
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Fig. 2. Measured species along the cruise track.
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Fig. 4. DGHg, water temperature and salinity along the cruise track.
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involving DGHg in the world's oceans. The measurements conducted
in adjacent regions to this study, i.e., the Mace Head station and in the
North Sea, show concentrations in the same range as those presented
here. However, it is important to consider these areas separately
because chemical, physical, and biological processes may vary
between sites. For measurements carried out at Mace Head, Ireland,
the average DGHg concentration during a week in September 1999
was 107 fM (Gårdfeldt et al., 2003), slightly higher than the
measurements presented here. The Mace Head is a coastal station
situated southward from where the measurements presented here
were carried out. This area might be influenced by higher biological
activity and other physical processes since it is a coastal site. Studies
carried out within the North Sea report average concentrations of
60 fM and 260±110 fM (Baeyens and Leermakers, 1998; Coquery
and Cossa, 1995, respectively). The result obtained by Baeyens and
Leermakers (1998) was from one station, while the measurements by
Coquery and Cossa (1995) were carried out at several stations within
the North Sea. Andersson et al. (2008a) presented DGHg measure-
ments from sub-Arctic and Arctic Ocean waters, covering a large
concentration range from 25 fM to 670 fM with an average concen-
tration of 220±110 fM. However, themeasurements were carried out
during an extensive time period covering a large area.
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Fig. 3. DGHg concentration and chl along the cruise track.
The atmospheric trace gas measurements were screened initially
from events where the ship's exhaust influenced the measurements.
This was achieved by using the O3/CO ratio (Sommar et al., 2009). The
TGHg concentrations measured in this study ranged from 1.2 to
2.2 ng m−3 with an average of 1.7±0.1 ng m−3. The highest TGHg
concentrations were observed each day in the early afternoon; this
peak in TGHg coincides with the maximum solar radiations. This
diurnal variation was observed along the whole transect. It should be
noted that the mercury measured was both oxidized and elemental
mercury, particulate mercury was not measured. There are several
possible explanations for the diurnal variation; for example, higher
evasions were observed at night (Section 3.2) and sea salt aerosols
produced when the wind speed increased during the night, which
might lead to oxidation of elemental mercury with subsequent
deposition. All these explanations have been considered previously
when observing diurnal variations in TGHg concentrations (Laurier et
al., 2003; Kellerhals et al., 2003; Mao et al., 2008). In this data set it is
hard to distinguish a specific parameter that explains the observed
data. In Fig. 5 the evasion of mercury calculated along the transect is
shown and during night-time the evasion of elemental mercury
increases, which can help explain the increase of mercury. However
the increase in TGHg is continuous even when the evasion decreases.
It is therefore fair to assume that another process was involved which
forms oxidized or elemental mercury, probably using photochemistry.
The decrease during the afternoon can be related to oxidation
processes. But there are no indications that the O3 would be involved
in this process, so other processes must be involved. Another likely
explanation for the decrease during the afternoon would be that the
mercury is attached to particles, for example sea salt particles, and
deposited into the ocean. This deposition would not be seen in the
DGHg measurements since the oxidized mercury is not detected. Of
course, it should not be forgotten that boundary layer height and
transport from adjacent areas would have an influence. The air
measured during the measured period was of northern origin.
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Table 2
Comparison between some adjacent areas, and greater oceans.

Location Longitudes⁎ Latitudes⁎ DGM TGM Flux Water temp. Ref.

fM ng m−3 pmol m−2 day−1 K

North Atlantic Ocean 5° E–40°W 60°N 58±10 1.7±0.1 50±40 284 This work
North Atlantic Ocean 5°W–60°W 45°N–70°N 690±390 2.1 – – Mason et al. (1998)
North Atlantic Ocean 5°W–60°W 45°N–70°N – – 200 – Mason and Gill (2005)
Mace Head 10°W 59°N 107 1.6 320 289 Gårdfeldt et al. (2003)
Mace Head 10°W 59°N 1.75 – – Ebinghaus et al. (2002)
North Sea 8°E–2°E 50°N–56°N 60 1.2 59 – Baeyens and Leermakers (1998)
North Sea 9°E–3°W 51°N–64°N 260±110 1.9 110–224 – Coquery and Cossa (1995)
North Hemisphere – 0.44–15.95 – – Temme et al. (2003)
North Atlantic Ocean – 54°N–85°N – 1.53±0.12 – – Aspmo et al. (2006)
Ny-Ålesund 11°5E 78°5 N 1.47 Berg et al. (2003)
Råö 11°6E 57°3 N – 1.6 – – Wängberg et al. (2007)
South Atlantic Ocean 20°W–60°W 35°S–15°N 1200±800 – – 293 Mason and Sullivan (1999)
South Atlantic Ocean 20°W–60°W 35°S–15°N – 1.54±0.09 6000 293 Lamborg et al. (1999)
Equatorial Pacific 85°W–180°W 12°S–5°N 40–325 – 160–1440 – Mason and Fitxgerald (1993)
Mediterranean Sea, summer 25°E–5°W 34°N–41°N 190 1.9 535 299 Andersson et al. (2007)
Mediterranean Sea, spring 18°E–11°E 25°N–40°N 120 1.6 180 288 Andersson et al. (2007)
Mediterranean Sea, autumn 19°E–12°E 37°N–46°N 190 1.6 590 293 Andersson et al. (2007)
East Mediterranean Sea 28°E–18°E 32°N–37°N 170 1.8 945 295 Gårdfeldt et al. (2003)
West Mediterranean Sea 6°E–9°E 38°N–41°N 75 1.8 300 297 Gårdfeldt et al. (2003)
Tyrrhenian Sea 8°E–13°E 38°N–42°N 95 1.73 500 297 Gårdfeldt et al. (2003)
Baltic Sea, summer 17°E–13°E 54°N–56°N 90 1.7 190 290 Wängberg et al. (2001a)
Baltic Sea, winter 19°E–15°E 54°N–56°N 90 1.39 100 276 Wängberg et al. (2001a)
Baltic Sea, winter – – 50–85 1–2 −25–25 – Kuss and Schneider (2007)
Baltic Sea, spring – – 75–100 1–2 120–250 – Kuss and Schneider (2007)
Baltic, Summer – – 95–160 1–2 370–750 – Kuss and Schneider (2007)
Baltic, Autumn – – 55–70 1–2 100–250 – Kuss and Schneider (2007)
Arctic – – 220±110 0⁎⁎ 271 Andersson et al. (2008c)
Arctic 1.8 Sommar et al. (2009)

⁎ If the exact coordinates are not given in the text approximation have been done from figures in each article.
⁎⁎ Ice covered areas.
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The TGHg concentration measured is in the same range as
previously measured at rural stations at mid-latitudes in the
northern hemisphere. Ebinghaus et al. (2002) reported continuous
TGHg measurements from the coastal rural station at Mace Head,
Ireland, from 1995 to 2001 with an average concentration of
1.75 ng m−3. The concentration at this station remained constant
during the period measured. Temme et al. (2003) presented ship-
borne TGHg measurements from the northern hemisphere, observ-
ing a range in the measurements from 0.44 to 15.95 ng m−3.
However, the high concentrations measured included contributions
from local sources. The most recent measurement conducted for
TGHg concentrations in the North Atlantic was presented by Aspmo
et al. (2006) with an average of 1.53±0.12 ng m−3 for open waters.
TGHg data over the North Sea varied between 1.2 ng m−3 (Baeyens
and Leermakers, 1998) and 1.9 ng m−3 (Coquery and Cossa, 1995).
Mason et al. (1998) also conducted measurements of TGHg over the
North Atlantic Ocean and the average concentration during that
cruise was somewhat higher than in this work, namely 2.1 ng m−3.
However, this might be explained by the observations made by
Temme et al. (2003), where a comparison of data collected between
1977 and 2001 during different expeditions was presented. It was
concluded that the values observed in 1990 were higher than those
observed in 1977–1980 and 1996 and 2000. Long-term TGHg
measurements also have been carried out at Ny-Ålesund, Svalbard,
and Råö, Sweden, with annual average concentrations of 1.47 and
1.6 ng m−3 (Berg et al., 2003).

3.2. Estimation of mercury flux

As pointed out in the introduction, most natural waters are super-
saturated with respect to DGHg (Schroeder and Munthe, 1998;
Fitzgerald et al., 2007). In this study, both super-saturation and under-
saturation (degree of saturation between 70% and 230%) were
observed. However, most waters sampled were supersaturated,
resulting in an average degree of saturation of 150±30%. This results
in a net evasion of elemental Hg of 2.1±1.8 pmol m−2h−1, calculated
according to Nightingale et al. (2000), from the area during the
measured period, with a variation in the flux between −3.2 and
12.6 pmol m−2h−1. Table 1 shows a summary of the average degree
of saturation and the estimated air–sea exchange. Fig. 3 shows the
degree of saturation as well as the flux estimation from the
expedition. Since the air–sea exchange estimated shows positive
and negative values, both deposition and evasion of elemental
mercury occurred in the waters sampled. In order to relate this data
to the global estimation, an approximate annual mercury flux
from the area was calculated using the average annual wind speed,
9.5 ms−1, and temperature, 281 K, obtained from the NOAA database.
An annual average net evasion of 2.3 nmol m−2month−1 was
calculated. The net evasions presented in the literature differ
substantially; data approximated for the North Atlantic Ocean were
60 nmol m−2month−1 (Mason and Gill, 2005). For the North Sea the
estimated net evasion was in the same range as the values obtained in
this study, 1.7 to 6.7 nmol m−2month−1 (Baeyens and Leermakers,
1998; Coquery and Cossa, 1995). Evasion from the Arctic Ocean
observed by Andersson et al. (2008a) was considered limited by the
sea ice cover.

The global mercury models in the literature describe the atmo-
spheric transport and transformation of mercury (Bergan et al., 1999;
Dastoor and Larocque, 2004; Seigneur et al., 2004; Ryaboshapko et al.,
2007a, 2007b; Selin et al., 2007), but only a fewof thesemodels combine
the atmospheric pool with the oceanic pool. The model by Strode et al.
(2007) combines theatmospherewith the oceanmixed layer. TheDGHg
concentration by Strode et al. (2007) was presented as an average for
the oceans but did not take into account any possible diurnal and spatial
variations. The average concentrationobtained (70 fM) is slightly higher
than the concentrations obtained in this work, which was expected
since the data set in this work was from a remote location in the North
Atlantic Ocean and observed during a short period of time.
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The TGHg concentration estimated from recent global models
provides a concentration within the same range as presented here
(1.5–1.7 ng m−3) (Seigneur et al., 2004; Selin et al., 2007).

In the global atmospheric models presented in literature, the
evasion of mercury from the oceans is obtained from previous
estimations of the global mercury cycle (e.g., Mason and Sheu, 2002;
Mason et al., 1994). However, Strode et al. (2007) use their global
model to determine the annual average flux from the ocean surface
and found that the highest evasion was in the warmest waters with a
decrease in evasion as the water temperature decreases. This is
expected since the estimation of the air–sea exchange depends on the
partitioning of mercury between the gaseous and aqueous phase
according to the Henry's law constant (Andersson et al., 2008c). The
data in Table 2 support the hypothesis that colder water has lower
flux than warmer water, which may contribute to an accumulation of
mercury in colder environments. In this study there was evidence of
elementalmercury being deposited into thewater surface layer due to
under-saturation of the water sampled. That phenomenon also was
suggested in the model by Strode et al. (2007). However, what will
happen in a climate change scenario is under debate.

4. Conclusion

For the first time, both TGHg andDGHgweremeasured continuously
with a high time resolution along a cruise track in the North Atlantic
Ocean. The DGHg concentrationmeasured during the expedition ranged
from 29 to 90 fM, the average concentration was 58±10 fM, and the
TGHg concentration ranged from 1.2 to 2.2 ng m−3 with an average of
1.7±0.1 ng m−3.

The average flux was calculated to 2.1±1.8 pmol m−2h−1.
Depending on the degree of saturation and wind speed, both
deposition (−3.2 pmol m−2h−1) and evasion (12.6 pmol m−2h−1)
of elemental mercury occurred.
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