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Fig. 1 Schematic diagram of biogeochemical processes such as the migration and transformation of MeHg in the cryospheric

environment [ The illustration describes the migration and enrichment of methylmercury (yellow arrow ) , methylation

(red arrow) , and the surface-atmosphere exchange of mercury (blue arrow and gray arrow ) ]
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Table 1 Methods for the determination of MeHg in

various environmental samples

eIl I J5 K 4 B SCHRAC U
Fk GC-CVAFS 0.02ng-L™ [56]
R GC-AFS 0.002 ng-L™" [57]
%t HPIC-CVAFS 0.018 ng-g™ [58]
i CVAFS 0.006 ng-g™" [17]
UK GC-ICP-MS 0.02ng-L""' [59]
vk GC-CVAFS 0.02ng g [19]
flk GC-AFS 0.02ng-L"™"' [60]
[k GC-CVAFS 0.002 ng-L™" [61]
a2 GC-CVAFS 0.12ng-g" [62]
IKAF GC-CVAFS 0.003 ng-g”' [63]
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Fig. 2 Flow chart showing the analysis of microbial mercury methylation in the cryospheric environments
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Table 2 Concentrations of MeHg in the cryospheric environment

Hb A i e H Aok Bk SCHRR 5
Devon Island, Canada LAt 0.3~3. I ng-g"’ — [58]
Barrow, Alaska PR 0.3~2.3 ng-L™ 25.3~141. 2 ng-L™' [23]
Tibetan Plateau, China ZHTR — 5.6~39.3ng- g [17]
Fennoscandia ZAER T 0.004~28 ng- g™’ 1.1~210ng- g™ [24]
Tussock tundra, Alaska 240+ — 56~226ng g [16]
Laohugou No. 12, Tibetan Plateau, China K 0.005~0. 5ng-L™' 24.4~172. 1 ng-L™ [56]
Tibetan Plateau, China vk 0.4~1.7ng-g" 17.9~114.5ng-g""' [19]
French Alps RES 0.002~0. 3 ng-L"™ 1.8~169.5ng L™ [57]
Spitsbergen Island , Norway KESH 0.004~0. 5ng-L"™ 1~90 ng-L™ [123]
Resolute Bay, High Arctic, Canada RIEE <0.015~0.2ng L™ 2.6~150 ng-L™ [125]
Hudson Bay, Canada KEE 0.04~0. 14 ng-L™ 1.6~5. 1ng-L™" [120]
Alberta, Canada KIEH 0.02~0.3ng L™ 0.8~9. 0ng L™ [137]
Antarctic e <0. 02~0. 3 ng-L™ 1.0~30. 6 ng-L™" [59]
McMurdo/Ross Island,, Antarctic A — 40~430 ng-L™"' [114]
Casey Station, Antarctic K <0.009~0. 09 ng-L™" 0.2~5.7 ng-L™ [129]
Antarctic UK <0.02~0. 2 ng-L™" 1.4~179 ng-L™" [59]
Beaufort Sea and McClure Strait, Arctic WHFEVK <0.02~0. 5 ng-L™' 0.1~12.2ng-L™" [28]
Southern Ocean K <0.02~0. 1 ng-L™' 0. 2~23 ng-L™" [59]
Arctic Ocean K 0. 006~0. 07 ng-L™" 0.09~1.4 ng-L"™ [135]
Resolute Bay, High Arctic, Canada K 0.06~0. 1 ng-L™"' 0. 1~0.2 ng L™ [125]

TE: 3% IR K B R R DR KB

Note: the seawater refers to the area covered by sea ice in the table.
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Research progress on methylmercury in the cryosphere
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Abstract: The cryosphere is one of the climate system component which plays an important role in the global
biogeochemical mercury cycling. Anthropogenic mercury has been transported to remote cold and high regions
worldwide through atmospheric circulation, and then transformed into methylmercury in the cryosphere. As one
of the highly toxic environmental pollutants, methylmercury can be greatly bioaccumulated and biomagnified
through the food web, which potentially poses threats to human and wildlife as well as the global cryospheric en-
vironments. In order to gain a full picture of research progress on methylmercury in the cryosphere, our study
comprehensively summarized the concentration levels and analytical methods of methylmercury, and biogeo-
chemical processes such as the migration, transformation and fate of methylmercury in various cryospheric envi-
ronments including glacier, permafrost, snow ice and sea ice. We particularly made the literature review of mi-
crobial mercury methylation and evaluated the risk of methylmercury exposure to human and wildlife in the cryo-
sphere. Meanwhile, we focus on distribution, behavior, and environmental effects of methylmercury in the
cryosphere against the backdrop of climate change, which is essential for assessing the exposure risk of methyl-
mercury to humans and wildlife. Perspectives of methylmercury researches in the cryosphere have also been
highlighted in this review, though there is existing a knowledge gap of biogeochemical methylmercury cycling in
the low temperature environments which merits further study.

Key words: methylmercury; cryosphere; glacier; permafrost; snow ice; sea ice
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