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Permafrost in the Arctic

https://www.grida.no/resources/13344

Permafrost is defined as ground (soil, rock, including ice or organic 
material) that remains at or below 0°C for at least two consecutive years.

What is it?

Where is it and how much do we have?
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Peat plateau
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Sporadic permafrost: palsa and fens
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Mercury cycling in the Arctic
HgII inorganic divalent Hg
MeHg monomethylmercury
Hg0 elemental Hg

• 600 Gt Hg estimated to be stored in permafrost (Lim et al. 
2020)

• Permafrost thaw: organic rich material alongside Hg is being 
remobilized and available for potential methylation

• Two main concerns: 
      Export of mercury and formation of MeHg hotspots



Mercury mobility along natural thaw gradients

Earlier study observed thawing 
permafrost leads to increased 
methylation in thermokarst (fen) 
compared to intact permafrost (peat 
plateau)

Peat plateau

Fen



Mercury mobility of northern Scandinavia

4 locations, 94 cores, 47 transects 

>1000 samples analysed for THg
Subset for MeHg

Peat plateau

Fen
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Mercury mobility along natural thaw gradients
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 Increased methylation in thermokarst
 Loss of THg across thaw gradient



Mercury mobility along natural thaw gradients - Hg-C ratio (RHgC)

• Hg follows carbon trend
• Variability within and between sites 

RHgC Lakselv Karlebotn Šuoššjávri Dávvavuopmi
μg Hg g C-1 0.17±0.09 0.15±0.1 0.13±0.08 0.12±0.1



Pan Arctic organic and mineral Hg-C 
ratio (RHgC)

RHgC – mineral RHgC – organic

Schuster et al. 
(2018)

1.6±0.9 
μg Hg g C-1

Alaska mainly

Olsson et al. 
(2018)

0.62 Gg Pg−1 
(30-100 cm)

0.12 Gg Pg−1 
(0-30cm)

+ literature

Lim et al. 
(2020)

0.64 Gg Pg−1 0.15 Gg Pg−1 + West Siberian Lowlands
Excl. Alaska 

Organic: compares well
Mineral: 7x lower in this study than Schuster et al.
              2.5 x lower in this study than Lim et al.

This study 0.24±0.02
μg Hg g C-1

(<17%SOC)

0.14±0.004 
μg Hg g C-1

(>17%SOC)

Northern Scandinavia
(94 cores)

Kirkwood in 
prep. 0.08  μg Hg g C-1 Hudson Bay Lowlands 

(50 cores)

• More Hg stored in peat plateaus compared to fens
• THg loss across thaw gradient (av. 37%)
• Increased methylation in thermokarst
• Timeline of thaw?

Fen 
(thermokarst)

Peat plateau 
(permafrost) 

Permafrost 
degradation

THg stock

Wetness

0.13±0.1 
μg Hg g C-1

0.09±0.08 
μg Hg g C-1



MANIPULATED

Exploring Mercury Responses to Winter Warming: 
A Snow Fence Field Experiment in a Swedish Sub-Arctic Peatland

CONTROL
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Does increased permafrost thaw have an impact 
on the Hg pools in this controlled experiment?



Exploring Mercury Responses to Winter Warming: 
A Snow Fence Field Experiment in a Swedish Sub-Arctic Peatland

MANIPULATED

CONTROL

Depth sections 
0-30 cm (shallow active layer), 
30-70 cm (intermediate active layer) 
>70cm (permafrost) 

Spring Fall
control 28 70

manipulated 47 not detectable

Active layer deepness (cm)



Exploring Mercury Responses to Winter Warming: 
A Snow Fence Field Experiment in a Swedish Sub-Arctic Peatland

MANIPULATED

CONTROL

Non-metric Multidimensional Scaling (NMDS) of amplicon sequence variants (ASVs) 
of the 16S rRNA genes

• Microbial community structure similar 
in treatments

• Difference between fall and spring 
samples 



Mercury mobility of northern Scandinavia

Conclusion:

• Increased methylation in thermokarst across 
thaw gradient

• THg loss along thaw gradient 

• Hg stocks driven by carbon content

• Variability within and between sites of Hg 
stored in different landscape features

• RHgC of northern Scandinavian permafrost is 
lower than previously estimated 

• In climate scenario: Winter Warming has no effect 
on Hg species, but microbial community 
structure and abundance depends on seasons

Peat plateau

Fen



1 Tavvavuoma
2 Finnmark
3 Lena Delta, Siberia
4 Yukon Coast, NWT

5
Alberta and North-Western 
Territories

6 Inuvik, Dempster Highway, NWT
7 Tuktoyaktuk, NWT
8 Svalbard, Hornsund/Ny-Ålesund
9 Komakuk Beach, Yukon Coast
10 Zackenberg Station, Greenland
… …

Modified after: 
https://www.grida.no/resources/13344

1. Pan-Arctic mapping of terrestrial MeHg 
distribution

2. MeHg stock estimates 

Data collection through: 
fieldwork, collaborations, INTERACT Access, literature 
review

Classification:
• Landscape features/thaw stages
• Permafrost distribution

MerPerA - Database for MeHg distribution in Arctic Permafrost
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Exploring Mercury Responses to Winter Warming: 
A Snow Fence Field Experiment in a Swedish Sub-Arctic Peatland

MANIPULATED

CONTROL

(B) Heatmap visualizing rel. abundance of microbial community in phyla level 
(left to right: samples ordered by sampling depth
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