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Editorial
Environmental cycling and fate of mercury: 2020
Mercury, (Hg) like other chalcophile elements occurs naturally
in the Earth’s upper crust, and binds readily with sulphur (S) and
other chalcogens such as selenium (Se) and tellurium (Te).

The geochemistry of Hg is highly complex and its biochemistry
has a lot in commonwith the fate of sulphur (S) and selenium (Se).
Mercury sulfide (HgS) better known as the mineral cinnabar and
the principle ore fromwhich Hg is extracted, and mercury selenide
(HgSe), the rare mineral Tiemannite, are both, insoluble and envi-
ronmentally relevant Hg compounds. Mercury telluride (HgTe) oc-
curs as the raremineral, Coloradoite, andwith a formation enthalpy
of �32kJ/mol, shows relatively weak molecular bonding. Sulfide
(S2�) and selenide (Se2�) ligands can reduce the toxicity of Hg2þ

and mono-methylmercury (MeHg).
There are many natural sources of gaseous Hg. Volcanoes and

other geothermal processes and rock weathering are the primary
natural sources of Hg in parallel with S and Se. These have an
impact on the environmental cycling and fate of Hg and combine
with other local sources to contaminate food webs. Similarly, the
volatilization of Se from seleniferous soils could play a role in the
diffusion of Se, providing local or regional inputs into terrestrial
food webs. These mercuriferous and seleniferous regions are a
long-lived sources of both Hg and Se to other environmental com-
partments, but in practice the mutual behavior of these two ele-
ments within these pathways has seen very little study.

Plant biomass, as well as its fossilized legacy in the form of hard
coal and brown coal, contains S, Hg and Se. Coal from some regions
is known to be especially rich in Se. Forest fires, bush fires, grass-
land fires and the combustion of plant biomass and coal contribute
to emission of S, Hg and Se into the atmosphere and their global
diffusion and deposition. In recent decades coal has been estimated
to be the major source of anthropogenic Hg emission. The extrac-
tion of cinnabar and the use of Hg has a long tradition, but the
turning point regarding the relevance of Hg and its compounds as
occupational, food and environmental toxicants began with the
use of alkyl Hg fungicides from the early 1940s. This was followed
by a widely publicized largescale human poisonings outbreak in
1953, caused by MeHg that had accumulated in the fish and shell-
fish fromMinamata Bay in Japan. In August 1951, the chemical com-
pany operating in the town of Minamata had introduced Fe2S3 as a
promoter for maintaining the reactivity of the HgSO4 catalyst (this
was a replacement for MnO2 which was used earlier, from 1932 to
1951) used for the synthesis of acetaldehyde. The toxic MeHg was
formed through a side reaction of Fe2S3 and HgSO4 and concen-
trated in the waste stream that was discharged initially to Mina-
mata Bay, then moved to the Minamata River flowing into the
Shiranui Sea.

The onset of direct mining of cinnabar for the production and
use of elemental Hg which was used in large quantities, was the
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main driver to the disruption of the natural biogeochemical Hg cy-
cle. The environmental legacy left by the mining of cinnabar, e.g. in
Mt Amiata area in Central Italy, will remain for the next centuries.
Ongoing sources of significant anthropogenic Hg emission are the
primary production of ferrous and non-ferrous metals (Ag, Al, Cu,
Pb, Zn) and cement production. The continued burning of coal
without the use of technologies for removing Hg from flue gas, is
also considered as a factor causing the increased presence of Hg
in environmental media including the atmosphere, oceans, terres-
trial and freshwater systems. These anthropogenic activities have
made Hg a worldwide environmental issue. The understanding of
the biogeochemical cycle of Hg is a key part of the strategy for
measuring the success of implemented control measures in
different countries of the world. The legacy of activities carried
out in the past still exerts its influence on the Hg cycle and concen-
trations in environmental media today. Controlling the fate and dis-
tribution of Hg in the environment is challenging because there is
still a lack of full knowledge of the Hg cycle, and from the point
of view of environmental and human health, this understanding
represents a major target. The chemical behavior of Hg in different
environmental media is key to understanding and describing the
Hg biogeochemical cycle. The application of new techniques of
chemical analysis and isotopic analysis has greatly improved the
detection capabilities and understanding of the chemical behavior
of Hg in different environmental media and conditions.

This special issue contains the latest research into the environ-
mental cycling of Hg, with a total of 9 original contributions
covering topics such as the spatial distribution of total mercury
(THg) and MeHg in the sediment of a tropical coastal environment
subjected to heavy urban inputs (de Pontes et al., 2021), spatial dis-
tribution and ecologic and human health risks of Hg from polluted
mangrove soils (Muniz Araújo et al., 2021), understanding the Hg
isotopes composition of emissions from different anthropogenic
sources and subsequent contamination of soil in the area of coal-
field (Cao et al., 2021), soil-air exchange of Hg from agricultural
fields including seasonal variations, influence factors, and models
of fluxes (Shi et al., 2020), leaching behaviors and variations of
Hg and MeHg in municipal sewage sludge landfilling receiving
simulated rain (Wang et al., 2021), Hg occurrence and chemical
composition of atmospheric particulate matter from urban, agricul-
tural and industrial sites and accumulated pollutants in vitro aryl
hydrocarbon receptor-mediated activity (Barhoumi et al., 2020),
bioaccumulation, bioconcentration and biotransformation of Hg/
MeHg in mushrooms, rice plants and sponge species (Li et al.,
2020; Orani et al., 2020; �Siri�c; Falandysz, 2020). The results
described in these studies highlighted a very complex chemical
behavior of Hg in the environment which affects the cycling and
fate of Hg to a great extent.
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The guest editors express their gratitude to all contributors to
this special issue, in particular to the contributing authors of the
14th International Conference on Mercury as a Global Pollutant
(ICMGP, 2019) held in Krak�ow, Poland, September 8e13, 2019, the
reviewers who collectively ensured a high standard of scientific
dissemination, the Special Issues Editor Dr. Derek Muir for his sup-
port and the Journal Manager and the publishing team of Chemo-
sphere for their smooth cooperation.
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