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® Issue of MeHg contaminated rice and related human
health risks

® Hg methylation in rice paddy ecosystem

® Challenges and future research
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Rice has been highlighted as a bioaccumulator plant species of MeHg

ICMGP 2024

THg and MeHg concentrations in crops
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Rice, rather than fish, is the major pathway for MeHg exposure in inland

China
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MeHg contamination in rice is a common phenomena in Hg polluted area
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Hg bioaccumulation in rice is a worldwide issue, and need to be paid

enough attention
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Source of MeHg in rice

€ Paddy soil is a unique source of MeHg in rice

€ MeHg formed in paddy soil via microbial methylation, then accumulated in rice
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Hg methylation in rice paddy ecosystem

Major knowledge gaps

(1) Geochemically relevant Hg! species that can be methylated in paddy
soils?

(2) The relative importance of microbial groups on MeHg production and
degradation in paddy soils

(3) The key factors in regulating MeHg formation in paddy soils

Prevent the development of remediation measures necessary to ensure
safe consumption of this staple food
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Study area and sampling sites

Wanshan Hg mining area: large scale and long mining history

(@) Wanshan mercury mining area (WSHM) China

(1) Control site (HX)
(2) Artisanal Hg smelting site (GX)
(3) Abandoned Hg mining site (SK)
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(1) Geochemically relevant Hg' species that can be methylated in

paddy soils?

® Methylation rates of NOM-"Hg! and nano-2%2HgS as substrates were similar or greater than
rate obtained using the labile 198Hg(NO;), substrate

® Highlight the role of NOM-Hg'" and nano-HgS as substrates for methylation in paddy soils
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(1) Geochemically relevant Hg' species that can be methylated in

paddy soils?

® The variability in the methylation data for a given site was smaller than what was

observed across the Hg concentration gradient
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(1) Geochemically relevant Hg' species that can be methylated in

Implications:

paddy soils?

At broad spatial scales, site-specific characteristics, such as microbial community structure, need to
be taken into consideration, alongside the nature of the Hg substrate available for methylation, to

determine net MeHg production
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Hg methylation in rice paddy ecosystem

Major knowledge gaps

(2) The relative importance of microbial groups on MeHg production and
degradation in paddy soils

Prevent the development of remediation measures necessary to ensure
safe consumption of this staple food
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(2) Microbial groups on MeHg production and degradation in paddy soils
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Potential K., under different treatments with inhibitors/stimulants

Using Specific Inhibitors/Stimulants
Hg methylation

® Control site :

Sulfate reduction was the potential driver of
MeHg formation (SRB)

® Artisanal Hg mining site

In addition to SRB, some unclassified
microbial groups still functional in Hg
methylation

«" ® Abandoned Hg mining site

Microbials that compete with methanogens
participate in the Hg methylation

Wu et al., 2020, ES&T
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(2) Microbial groups on MeHg production and degradation in paddy soils
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(2) Microbial groups on MeHg production and degradation in paddy soils

!

Proteobacteria
Chloroflexota
Desulfobacterota
Acidobacteriota
Actinobacteriota
Nitrospirota
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® Using metagenomics, we identified
Methanogens played very important
role in MeHg degradation and
competition with other Hg-methylating
guilds
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Serious Hg-polluted soil

- K10944 pmoA-amoA methane/ammonia monooxygenase subunit A

- K10945 pmoB-amoB methane/ammonia monooxygenase subunit B

- K10946 pmoC-amoC methane/ammonia monooxygenase subunit C

- K00200 fwdA, fmdA formylmethanofuran dehydrogenase subunit A

- K00201 fwdB, fmdB formylmethanofuran dehydrogenase subunit B
-K00202 fwdC, fmdC formylmethanofuran dehydrogenase subunit C

- K00203 fwdD, fmdD formylmethanofuran dehydrogenase subunit D

- K03388 hdrA2 heterodisulfide reductase subunit A2

- K03389 hdrB2 heterodisulfide reductase subunit B2

- K03390 hdrC2 heterodisulfide reductase subunit C2

| |- K08264 hdrD heterodisulfide reductase subunit D

- K14083 mttB trimethylamine methyltransferase

- K00578 mtrB tetrahydromethanopterin S-methyltransferase subunit B
- K00579 mtrC tetrahydromethanopterin S-methyltransferase subunit C
- K00399 mcrA methyl-coenzyme M reductase alpha subunit

-K16176 mtmB methylamine corrinoid protein Co-methyltransferase
-K16178 mibB dimethylamine corrinoid protein Co-methyltransferase
- K04480 mtaB methanol 5-hydroxybenzimidazolylcobamide Co-methyltransferase
- K00925 ackA acetate kinase

- K00625 pta phosphate acetyltransferase

- K01895 acs acetyl-CoA synthetase
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(2) Microbial groups on MeHg production and degradation in paddy soils

® Aceticlastic methanogens are the potential Hg methylation communities at control site
® Hydrogenotrophic methanogens involved in MeHg production as Hg level increased
® Both aceticlastic and hydrogenotrophic methanogens facilitate MeHg degradation in paddy soils

Relative importance of different types of methanogens on Hg
methylation and MeHg demethylation in paddy soils

/-
——

Hg mining site . Background site
(MIM) (BK)

hydrogenotrophic and hydrogenotrophic and

aceticlastic methanogens aceticlastic methanogens

Hao et al., 2023, STOTEN

Hydrogenotrophic Acenclasnc
methanogens methanogens
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(2) Microbial groups on MeHg production and degradation in paddy soils

® |dentify actively key Hg methylation communities in paddy soils

ICMGP 2024

Metagenomic analysis
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(2) Microbial groups on MeHg production and degradation in paddy soils

® Geobacter and Anaerolinea are active Hg methylators in paddy soils =~ ™ ureubished dara
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Hg methylation in rice paddy ecosystem

Major knowledge gaps

(3) The key factors in regulating MeHg formation in paddy soils

Prevent the development of remediation measures necessary to ensure
safe consumption of this staple food

ICMGP 2024 WWW.MERCURYCAPETOWN.COM



(3) The key factors in regulating MeHg formation in paddy soils

Hg-contaminated Uncontaminated

paddy soil Baddy/soi ® Low molecular weight DOM promotes Hg methylation

® DOM with higher molecular weight reduced MeHg production

Abdelhdfiz et al., 2023, EP
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(3) The key factors in regulating MeHg formation in paddy soils

® DOM promote microbial Hg methylation by regulating core Hg methylating microbial composition
Pu et al., unpublished data

7=0.895, di=1, P=0.246, RMSEA<0.001, CFI=1.000
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Structural equation models reveal the effect of DOM
concentration and composition on MeHg production
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Direct evidence: DOMs indeed stimulate core Hg
methylator (Geobacter sp.) for MeHg production
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(3) The key factors in regulating MeHg formation in paddy soils

® Rapid redox recycling of Hg species contributed to Hg speciation resetting, which promoted the transformation

between Hg® and MeHg by generating bioavailable Hg" for fuel methylation

The role of Hg reduction/oxidation on MeHg production Liu et al, 2023, EST
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(3) The key factors in regulating MeHg formation in paddy soils

® S-input promoted Hg' methylation by stimulating the Hg methylators

® Evidenced by the more abundance of Hg methylators in sulfur added treatment
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(3) The key factors in regulating MeHg formation in paddy soils

® Nitrate addition inhibits Hg' methylation and MeHg demethylation
® Yielded higher net MeHg accumulation in the incubated paddy soils

Chen et al., 2023, JHM

N-regulated Hg transformations
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(3) The key factors in regulating MeHg formation in paddy soils

® \Warming inhibits Hg' methylation but stimulates MeHg demethylation in paddy soils

® Net MeHg production in paddy soils was largely inhibited under the increasing temperature

Zhang et al., 2024, STOTEN

Warming-regulated net MeHg production 0.024- 4.0
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In summa I'Y. Hg methylation in rice paddy ecosystem

(1) Geochemically relevant Hg'" species that can be methylated in paddy soils?
® Bioavailable Hg", NOM-Hg, and nano-HQgS (underappreciated)

(2) The relative importance of microbial groups on MeHg production and degradation in
paddy soils

® Methylators: site dependent; Demethylators: methanogens
(3) The key factors in regulating MeHg formation in paddy soils
® DOM, S/ N redox cycling, and warming

® Broaden the understanding of biogeochemical cycling of Hg in rice paddy ecosystem

® Provide a theoretical basis for remediation of Hg polluted paddy soil
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Challenges and future research

ICMGP 2024

Hg cycling in rice paddy ecosystem

@ Factors in controlling MeHg
production in paddy soils is far to be
fully understood

@ The absorption pathways of MeHg
through rice root?

@ The gene associated with MeHg up-
taken in rice plant is still unknown

€ Remediation measures are urgently
needed to reduce Hg exposure to
local residents

WWW.MERCURYCAPETOWN.COM
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