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Mercury studies in Greenland



Zackenberg Valley - Greenland

740N

The study area around Zackenberg is in the zone of continuous permafrost 

area with an active layer thickness varying from 20 to 100 cm. A major 

geological flexure and thrust zone dissecting Zackenbergdalen, separates 

Caledonian gneiss bedrock from Cretaceous sandstones and Tertiary basalts. 

The study area was deglaciated ca. 8,000 years ago and it holds a great 

diversity of biotopes like ponds, fens, heaths, fell field plateaus and grasslands.

Recently, signs of permafrost degradation are 

being observed with thermokarst features 

appearing in the landscape. The area is well 

documented in terms of greenhouse gas fluxes 

but information on Hg biogeochemistry is absent.



Sampling

1.25 m depth (WC)
20 cm Sediment core

0.75 m depth (WC)
5 cm Sediment core

20 soil samples 6 depths for water
3 depths for sediment

2+3 incubations

3 depths for water
1 depths for sediment

2+2 incubations

8 times water sampling
(t=0 – t=6h )
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Sampling
• Lake water samples with 25-cm 

resolution depth
• Lake sediment samples with 5-

cm resolution depth
• Soil samples 
• Water sampling using a benthic 

flux chamber during 8h

• Hg and MMHg concentrations
• Other parameters (e.g. DOC, 

Fe(II), SO4
2-, etc)

• Hg methylation and MMHg 
demethylations rates with and 
without amendments

• Flux measurements

Results
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Hg and MMHg in Soils

14,5 cm AL 48.5 cm AL

27% H20 85% H20

1.4 % Fe 7.7 % Fe

29 ng Hg/g 140 ng Hg/g

0.1 ng MMHg/g 7.6 ng MMHg/g(0,5 – 8,2 % MMHg)

12 % BGB 36 % BGB

3.7 % Corg 22% Corg



Hg and MMHg in Soils
Higher permafrost degradation

(AL deepening + water content)

↓
Higher Hg in the soil

↓
Thawing permafrost: main Hg source (?)

Thaw progression appears to influence Hg speciation and dynamics in permafrost soils

rs = 0.742; p< 0.05 rs = 0.786; p< 0.05

Higher water content
↓

Higher Hg and MMHg in soils
↓

Higher Hg ➝ Higher MMHg
↓

Availability of Hg for methylation (?)

rs = 0.867; p< 0.05 rs = 0.828; p< 0.05



Hg and MMHg in ZAC 1 and ZAC 2 lakes
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In water column Hg correlates with DOC in ZAC 2;  MMHg correlates with Hg in both lakes (stronger in ZAC 2; p<0.05)

Hg and MMHg increases with depth in ZAC 2 (sediment source or Hg evasion at the surface?)

Hg and MMHg is significantly higher in sediments of lake ZAC 2 (youngest lake)



Hg methylating rates in water samples 

• Mercury methylation rates are in average higher in ZAC 2 waters – youngest lake – 

• Sulphate reduction bacteria appears to be the main methylators on ZAC lake waters

• Despite the relatively high content of Fe in the water column, addition of iron as not measurable effect

• Methanogens showed no trend in the incubations (e.g. ZAC 1)

Competition <-> Microbiology (on going)



Hg methylating rates in sediment samples 

• Mercury methylation rates are, also,  in average higher in ZAC 2 sediment – youngest lake – 

• Sulphate reduction bacteria appears to be the main methylators in ZAC lake sediments

• Apart from ZAC 1 middle, addition of Fe(III) seems to slightly increase methylation rates

• ZAC 1 inhibition of methanogens showed a decrease in methylation rates; in ZAC 2 a slightly increase was observed

Competition <-> Microbiology (on going)



Hg and MMHg in thermokarst lakes (summer) 
WATER
(Summer)

Hg (ng/L) MMHg (ng/L) MMHg (%) Hg methylation 
rates (%) Ref.

SAS Lakes (n=18)
(sporadic permafrost)

0.8 – 4.8 0.08 – 1.69 5.2 - 37 0.004 – 0.2 Martins, B.

KANG Lakes (n=8)
(discontinuous permafrost)

3-5 – 12 0.7 – 3.1 17 - 42 < DL – 0.50 Martins, B.

ZAC Lakes (n=9)
(continuous permafrost)

2.7 – 5.9 0.2 – 0.4 6.2 – 11 0.12 – 0.41 This work

SEDIMENTS/SOILS
(Summer)

Hg (ng/g) MMHg (ng/g) MMHg (%) Hg methylation 
rates (%) Ref.

SAS Lakes (n=6)
(sporadic permafrost)

33 - 55 0.07 – 0.2 0.15 – 0.62 0.03 – 0.15 Martins, B.

KANG Lakes (n=6)
(discontinuous permafrost)

40 - 84 0.21 – 1.7 0.47 – 3.5 0.6 – 10.5 Martins, B.

ZAC Lakes (n=4)
(continuous permafrost)

12 - 32 0.25 – 2.1 1.2 – 6.2 2.6 - 11 This work

ZAC Soils (n=20)
(continuous permafrost)

29 - 140 0.1 – 7.6 0.5 – 8.2 -- This work



Benthic flux Chamber
ZAC 2ZAC 1

t= 0 min

t= 30 min

t= 60 min

t= 120 min

t= 180 min

t= 240 min

t= 300 min

t= 360 min

t0

t1

t2

t4

t5

t6

t6

t7

Sampled volume per sample: 400 mL (2%)
(Dilution = 2 %)

Total volume (8h) = 3.2 L (16%)
(Total Dilution: 16%)

Fluxsolute = 𝛥𝛥Csolute /(Ac x 𝛥𝛥t)

Other processes inside the chamber
20 L of water inside chamber

Water inSample out

ZAC 1






Benthic flux Chamber
ZAC 2

ZAC 1

t= 0 min

t= 30 min

t= 60 min

t= 120 min

t= 180 min

t= 240 min

t= 300 min

t= 360 min

t0

t1

t2

t4

t5

t6

t6

t7



Benthic flux Chamber

ZAC 1



Benthic flux Chamber – ZAC 1

Hg

0 – 30 min: slight decrease in Hg – acclimatization)

Average upward Hg flux (30 – 240min): + 0,20 ng Hg /m2min

After 240 min Hg decrease 22ng/L – (only 4% dilution)

Differences in concentrations overtime cannot be explained only by fluxes
Other processes, are taking place in the chamber 

ZAC 1

MMHg

0 – 30 min: slight decrease in MMHg – acclimatization)

Average upward MMHg flux (30 – 60 min): + 0,005 ng MMHg /m2min

 After 120 min MMHg decrease 



Benthic flux Chamber – ZAC 2
2

Decrease of both Hg species during the sampled time

Fluxes: - 0,01 ng MMHg /m2min and - 0.003 ng MMHg /m2min (?)
↓

Probably other processes rather than fluxes need to be considered

- Precipitation or co-precipitation (?)

- Microbial degradation of MMHg (?)



Conclusions
• Zackenberg thawing soils are “hotspots” of Hg and MMHg 
• Hg dynamics in lakes: results suggest that the recent ZAC 2 lake is “more active” than the “old” ZAC 1 

lake
• Permafrost thaw systems are excellent environments for MMHg production, and sulphate reduction 

bacteria appears to be the main Hg methylators (to be confirmed in Zackenberg by the ongoing 
microbiology analysis). However, other bacteria seem to be competing in the methylation process, 
namely IRB and methanogens

• Benthic flux chamber does not give clear results about fluxes but points to the existence of benthic 
processes

• In high permafrost degradation areas, Hg studies focuses on the release and impact of Hg species 
should be performed due to their negative effect on Indigenous Communities and wildlife

• Thaw progression, rather than the type of permafrost, appear to control the release of Hg and 
consequent MMHg production in permafrost thaw systems 

• In high dynamic lakes, like thermokarst lakes, Hg dynamics appears to be more influenced by 
biogeochemical processes rather than transport phenomena
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