Revealing the fate of industrial-era mercury in
peatlands with micrometeorology, isotopes,
paleoecology, genomics, and an ice-age
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Reducing Hg
emissions
central to
Minamata treaty

But when will we
see the benefits?




Recent advances in understanding and
measurement of Hg in the environment:
Terrestrial Hg cycling
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Nordic fish Hg still way too high for safe eating,
but at least a downward concentration trend...
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Peatlands: doomed to accumulate and methylate Hg?
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Wet deposition >3x
Hg in runoff

So peatlands are
accumulating Hg,
and recovery is
very distant...

unless Hg evading...
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Relaxed Eddy Accumulation System (REA)
— Long-term Hg® flux
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A dual-inlet, single detector relaxed eddy
accumulation system for continuous
quantification of mercury
land-atmosphere gas exchange
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Atmospheric Hg® ~1.5 ng m

i Net Hg°
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But how?
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Hypothesis: In the beginning was equilibrium

peatlands were small, stable sinks for Hg®

Distant past (pre 1000 BP)
Atmospheric Hg® < 1.0 ng m? I

Hg? net flux
Equilibrium?

In the distant past,



Hypothesis: As pollution increased atmospheric Hg
Pool of legacy Hg in superficial peat grew

Distant past (pre 1000 BP) | Industrial period (1850 - 1990)
Atmospheric Hg® < 1.0 ng m? I | AtmosphericHg°>2.0ngm3 ||

Hg® net flux
Equilibrium?



Hypothesis:
After atmospheric Hg declined
legacy Hg started evading ca 1990

Distant past (pre 1000 BP) ' Industrial period (1850 - 1990) Today
Atmospheric Hg® < 1.0 ng m? |I AtmosphericHg° >2.0ngm3 || Atmospheric Hg® ~1.5 ng m3

Hg® net flux
SOURCE

Hg® net flux
Equilibrium?




Problem: How to get legacy mercury out of a mire?
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Problem: How to get legacy mercury out of a mire?
Answer: Reduction to Gaseous Elemental Hg?
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Hg isotopes: Fractionation a multi-dimensional fingerprint! u

Potential Hg mass dependent (MDF) and
independent fractionation (MIF) in peat soils
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Methods - Peat Cores

Peat cores
(3 replicates)
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Methods -
Gas concentration gradient
from groundwater to atmosphere
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g{% Methods -
Dissolved Gaseous Mercury
in peat groundwater

Peat soil gas

Peat core

Water table level

Peat water dissolved

9 gaseous Hg°
(> 2,500 L peat water)




Origin and fate of dissolved gaseous mercury (DGM"

DGM supersaturation of peat groundwater
(peaks 35 cm below the water table)
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Origin and fate of dissolved gaseous mercury (DGM):

Rainfall the main source of peat water DGM
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Origin and fate of dissolved gaseous mercury (DGM):

Photo-reductive Hg emission dominates Hg mobility N
Dark reduction does NOT release legacy Hg from peat
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Can Net Hg Evasion be explained without
dark Hg reduction to mobilize the pollution legacy?
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News&views nature food
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Plant demethylationinglobal mercury cycling

Kevin Bishop, Chuxian Li& Stefan Osterwalder [#]check for updates

In vivo pathway for mercury
demethylation in plants ...
reveals a new way in which
plants may influence the
global cycling of mercury...

A hidden demethylation pathway removes
mercury fromrice plants and mitigates mercury
flux to food chains

Wenli Tang, Xu Bai, Yang_Zhou, Christian Sonne E, Mengjie Wu, Su Shiung_Lam, Holger

Hintelmann, Carl P. J. Mitchell, Alexander Johs, Baohua Gu, Luis Nunes, Cun Liu, Naixian Feng,




Peatland Chronosequence: Nutrient Gradient
(the “ice age” in the title of this talk)
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JL Peat sgrface Annual groun d

“Puzzle: Less Hg in superficial water level
peat of “vounger” peatlands V.

Peat core

Possible Answer:

5 ng/m?/year more
evasion since 1990 in
younger than older mires.
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From 10 cm layer to 50 cm core Average Cum. THg [mg/m?2]

Cumulative THg and peat mass 0 0.5 1 1.5 2
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From 20 minutes to 20 Hz for Hg measurements

Introducing Eddy Mercury
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Eddy covariance flux measurements of gaseous elemental %)
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Eddy Mercury’s
new gigs
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Thanks for
your attention

See you at

BioGeomon 12!
Umea Sweden, June 8-12, 2026

kevin.bishop@slu.se biogeomon@slu.se
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