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Dear Jozef Pacyna, Thank you for your comments and your questions.

Concerning your first question about the contribution of coal combustion or mining
activities to the concentrations of Hg measured in the Antarctic troposphere?

Our knowledge of Hg inputs to Antarctica is really limited. I’d rather mention other
trace elements of anthropogenic origin that have been measured for instance in snow
collected in Antarctica. Lead has been used as an additive to gasoline (alkyl-lead)
worldwide and engine combustion provided important lead emissions (as aerosols)
to the atmosphere. Measuring isotopic lead ratio in environmental samples can help
to trace the origin of the emissions. Snow samples (years 1960-1990) collected in
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Antarctica have shown that lead originated from a combination of sources from Brazil
and south-America, Australia, New-Zealand and South-Africa (Planchon et al., 2003).
A clear decrease of these inputs has been observed afterwards due to the abandon of
leaded-gasoline. Before the 60’s, anthropogenic lead inputs could have been due to
coal combustion and non-ferrous metal production in South-America particularly. Un-
fortunately, studies in snow or ice collected in Antarctica are not able to trace anthro-
pogenic inputs of Hg (Planchon et al., 2004; Witherow and Lyons, 2008; Jitaru et al.,
2009). Indeed, inputs from natural sources (volcanoes, oceanic evasion, or terrestrial
emissions) cannot be discriminated from anthropogenic inputs yet. This is mainly due
to a lack of dedicated analytical techniques. Considering the case of many trace metal
measured in Antarctica, there are no doubts that Southern Hemisphere emissions of
Hg impact this continent.

The second question was: can anthropogenic sources located in the North Hemisphere
contribute to the levels of Hg measured in the Antarctic troposphere?

The atmospheric circulation is a major pathway by which air pollutants are transported
worldwide. Gaseous Hg+2 and particulate mercury emissions generally undergo di-
rect wet or dry deposition to the Earth’s surface locally. These species have rela-
tively short residence times in the atmosphere ranging from hours to months. Gaseous
Hg+2 has a residence time of just 5 to 14 days in the atmosphere, and may travel
tens to hundreds of kilometers. Particulate forms of mercury (tend to fall out closer
to the source of emissions, with larger particles falling out faster than smaller ones.
The site-specific deposition of mercury is variable, and is affected by conditions like
meteorology, temperature and humidity, solar radiation and emission characteristics
(speciation, source, stack height, etc.). Now, if we consider Hg emission as gaseous
elemental Hg◦, which is less reactive and soluble than oxidized forms, interhemispher-
ical transport is likely; however it is commonly admitted that it takes about one year for
air to exchange between the northern and southern hemisphere. The residence time
of Hg◦ in the troposphere is poorly known. It is due to our weak knowledge of Hg◦
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oxidants (OH, O3, halogen radicals such as Br) and the experimental kinetics (Ariya et
al., 2002). Residence time or life-time is estimated to be in the range of 0.5 to 2 years
in the troposphere (Holmes et al., 2006; Selin et al., 2007). An averaged lifetime of
0.75 year is also proposed by Lindberg et al (2007) (Lindberg et al., 2007). Theoret-
ically, if a life-time of less than one year is considered, Hg◦ emissions from the North
Hemisphere could reach Antarctica. However air masses travelling towards Antarctica
will encounter marine atmospheres, and the lifetime of Hg◦ could be shorten due to
removal processes involving halogens (Holmes et al., 2006).

Actually, I believe that northern emissions will have an effect on the Antarctic environ-
ment anyway. This effect may be indirect due to reemission processes. Anthropogenic
mercury will be removed from the atmosphere once (from a few days to one year or
two). After being deposited, oxidized Hg can be buried, assimilated by organisms,
reduced or transported by oceanic currents, and can be subsequently reemitted by
a variety of processes such as biogenic emission, oceanic volatilisation. Hg is thus
highly mobile. More than its residence time in the atmosphere, it is its high mobility
that leads to consider Hg as a global pollutant. I hope that these comments will answer
your questions.

Sincerely,

A Dommergue

References

Ariya, P. A., Khalizov, A., and Gidas, A.: Reactions of gaseous mercury with atomic
and molecular halogens: Kinetics, product studies, and atmospheric implications, J.
Phys. Chem. A, 106, 7310-7320, 2002.

Holmes, C. D., Jacob, D. J., and Yang, X.: Global lifetime of elemental mercury against
oxidation by atomic bromine in the free troposphere, Geophys. Res. Lett., 33, 2006.

Jitaru, P., Gabrielli, P., Marteel, A., Plane, J. M. C., Planchon, F. A. M., Gauchard, P.

C8856

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C8854/2009/acpd-9-C8854-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/26673/2009/acpd-9-26673-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/26673/2009/acpd-9-26673-2009.pdf
http://creativecommons.org/licenses/by/3.0/


ACPD
9, C8854–C8857, 2009

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

A., Ferrari, C. P., Boutron, C. F., Adams, F. C., Hong, S., Cescon, P., and Barbante,
C.: Atmospheric depletion of mercury over Antarctica during glacial periods, Nature
Geosci., 2, 505-508, 10.1038/ngeo549, 2009.

Lindberg, S., Bullock, R., Ebinghaus, R., Engstrom, D., Feng, X. B., Fitzgerald, W.,
Pirrone, N., Prestbo, E., and Seigneur, C.: A synthesis of progress and uncertainties in
attributing the sources of mercury in deposition, Ambio, 36, 19-32, 2007.

Planchon, F. A. M., van de Velde, K., Rosman, K. J. R., Wolff, E. W., Ferrari, C. P., and
Boutron, C. F.: One hundred fifty–year record of lead isotopes in Antarctic snow from
Coats Land, Geochim. Cosmochim. Acta, 67, 693–708, 2003.

Planchon, F. A. M., Gabrielli, P., Gauchard, P. A., Dommergue, A., Barbante, C., Cairns,
W. R. L., Cozzi, G., Nagorski, S. A., Ferrari, C. P., Boutron, C. F., Capodaglio, G.,
Cescon, P., Varga, A., and Wolff, E. W.: Direct determination of mercury at the sub–
picogram per gram level in polar snow and ice by ICP–SFMS, J. Anal. At. Spectrom.,
19, 823–830, 2004.

Selin, N. E., Jacob, D. J., Park, R. J., Yantosca, R. M., Strode, S., Jaegle, L., and Jaffe,
D.: Chemical cycling and deposition of atmospheric mercury: Global constraints from
observations, J. Geophys. Res., 112, D02308, doi:02310.01029/02006JD007450,
2007. Witherow, R. A., and Lyons, W. B.: Mercury deposition in a polar desert ecosys-
tem, Environ. Sci. Technol., 42, 4710-4716, Doi 10.1021/Es800022g, 2008.

Interactive comment on Atmos. Chem. Phys. Discuss., 9, 26673, 2009.

C8857

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/9/C8854/2009/acpd-9-C8854-2009-print.pdf
http://www.atmos-chem-phys-discuss.net/9/26673/2009/acpd-9-26673-2009-discussion.html
http://www.atmos-chem-phys-discuss.net/9/26673/2009/acpd-9-26673-2009.pdf
http://creativecommons.org/licenses/by/3.0/

