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NextGen Plenary Themes

Interdisciplinary methods
 

• Field data collection
• Modeling
• Collaboration with a variety of natural and social scientists

Understand 
environmental 

fate and transport

Develop 
actionable 
solutions

Assess human 
and wildlife 

impact
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Madre de Dios, Peru

Peru





Photo Credit: WWF

• 70,000 miners
• 4500 ha/year deforested
• 80 tons gold/year (100 million USD)
• >180 tons Hg/year



Photo Credit: Arabella Chen; Melissa Marchese; Simon Topp
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1. What is the fate of Hg from ASGM in terrestrial ecosystems with varying 
proximity to ASGM and leaf area index?

2. How does ASGM change the extent of lotic (riverine) and lentic (lake) 
environments, and how do Hg loading and net methylation differ across 
these environments?

3. What are solutions to reduce Hg risks associated with ASGM?
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Higher Hg emissions near ASGM
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Tree cores can be used as passive air samplers

Source: Gerson et al. In review
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Atmospheric Deposition

To
ta

l H
g 

(n
g/

L)
Remote sites Mining-impacted sites

Boca
Manu

Chilive Boca
Colorado

Los
Amigos

Laberinto

Source: Gerson et al. 2022. Nature Communications

Sampling site: Old forest
Sampling site: Young forest
Mining town



No pattern in wet deposition
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Tree cover enhances dry deposition
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Primary forests near mining receive the highest Hg 
loads
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Hg from mining enters the terrestrial food web

Source: Gerson et al. 2022. Nature Communications
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1. What is the fate of Hg from ASGM in terrestrial ecosystems with varying 
proximity to ASGM and leaf area index?

2. How does ASGM change the extent of lotic (riverine) and lentic (lake) 
environments, and how Hg loading and net methylation differ across these 
environments?

3. What are solutions to reduce Hg risks associated with ASGM?



Photo Credit: WWF

1. What is the fate of Hg from ASGM in terrestrial ecosystems with varying 
proximity to ASGM and leaf area index?

2. How does ASGM change the extent of lotic (riverine) and lentic (lake) 
environments, and how do Hg loading and net methylation differ across 
these environments?

3. What are solutions to reduce Hg risks associated with ASGM?



Gold mining alters the landscape

Source: Gerson, Topp et al. 2020. Science Advances
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Lake area in heavily mined watersheds has increased by 670%

Source: Gerson, Topp et al. 2020. Science Advances



Downstream rivers receive 10 times higher mercury 
loads than upstream rivers

Source: Gerson, Topp et al. 2020. Science Advances



Aquatic ecosystems are hot spots for Hg methylation



Source: Gerson, Topp et al. 2020. Science Advances
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Lakes and ponds have 5-7 times greater
%MeHg than rivers

Source: Gerson, Topp et al. 2020. Science Advances
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Source: Gerson. In press. Fronters in 
Ecol. and the Environ.

Creating a bioaccumulation risk landscape
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Gold mining worldwide

Source: UNEP 2012



Source: Gerson, 
Topp et al. 2020. 
Science Advances



Landscape ‘lentification’ associated with gold mining occurs 
worldwide

Source: Gerson, 
Topp et al. 2020. 
Science Advances
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Proposed Hg and Se antagonism

Source: Gerson et al. 2020. ES&T
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Proposed Hg and Se antagonism



Hughs et al. 2024. Feature Article. 
Fisheries

“Nearly anywhere you look Selenium 
exceeds Mercury in fish tissue, thereby 
rendering fish safe from toxicity of 
either element.” 

“… selenium : mercury molar ratios >1 
are protective to wildlife and humans.”

“….. fish consumption advisories based 
on Hg alone are unnecessarily 
restrictive”

Wang et al. 2023
“Other possible strategies ……. as well as
adding selenium to reduce Hg 
bioavailability and methylation might also 
be conducive to reduce Hg risk…”

Proposed Hg and Se antagonism



Source: Gerson et al. 2020. ES&T



• Limited & ambiguous support 
for Se antagonism of Hg

• Many uncertainties and large 
data gaps 

• Bias toward lab mammal 
models; few studies on aquatic 
food webs/invertebrates

Limited support for Hg and Se antagonism

Source: Gerson et al. 2020. ES&T



Source: Gerson et al. 2020. ES&T; Gerson et al. In review
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Source: Gerson et al. 2020. ES&T; Gerson et al. In review

Zone of 
death

Danger of Hg and Se antagonism



Danger of Hg and Se antagonism

Source: Gerson et al. 2020. ES&T; Gerson et al. In review

Zone of 
death



Source: Chen et al. 2023. Journal 
of Cleaner Production Letters.

Local solutions to address Hg from ASGM



Local solutions to address Hg from ASGM

Source: Chen et al. 2023. Journal of Cleaner Production Letters



Key Takeaways
• Mercury from ASGM enters nearby old growth primary forests and 

food webs
• Landscape change (i.e., ponding) associated with ASGM increases 

the risk of Hg
•  Se is not the solution to elevated Hg loading
• Retorts and education offer a potential to reduce ASGM Hg 

emissions

Next Steps
• Determine ASGM atmospheric Hg transport patterns and agricultural 

Hg uptake
• Perform mechanistic studies to determine Hg-Se interaction at the 

base of the food web
• Evaluate link between MeHg and greenhouse gas production as a 

tool for linked policy





Peru Hydroscape



Downstream rivers receive 10 times higher mercury 
loads than upstream rivers

Source: Gerson, Topp et al. 2020. Science Advances



Expansion of surface water due to mining

Adapted from Gerson, Topp et al. 2020. Science Advances



Adapted from Gerson, Topp et al. 2020. Science Advances



Lake area in heavily mined watersheds has increased by 
670% between 1985 and 2018

Mined
WatershedsUnmined Watersheds

Source: Gerson, Topp et al. 2020. Science Advances



Downstream rivers receive 10 times higher mercury 
loads than upstream rivers

Adapted from Gerson, Topp et al. 2020. Science Advances



Lakes and ponds convert mercury into methylmercury at 
rates 5-7 times greater than rivers

Adapted from Gerson, Topp et al. 2020. Science Advances



Lakes and ponds convert mercury into methylmercury at 
rates 5-7 times greater than rivers

Source: Gerson, Topp et al. 2020. Science Advances



Peru Deposition



Extremely high Hg loading due to proximity to mining AND 
forest structure

Photo Credit: Kelsey Lansdale
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Hg inputs driven by canopy
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Highest Hg loading in protected forests near mining

Source: Gerson et al. 2022. Nature Communications



Tree cores can be used as passive air samplers



Gold mining alters landscape cover

Photo Credit: Melissa Marchese



Leaf collection

Photo Credit: Melissa Marchese
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Enhanced leaf GEM uptake near mining
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Soil collection

Photo Credit: Fernanda Machicao
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Elevated soil Hg near mining

Elevated total Hg concentration at 
Los Amigos down to 100 cm in depth

Sampling site: Old forest
Sampling site: Young forest
Mining town
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Forest soil Hg dependent on Hg deposition 
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ASGM Solutions



Looking beyond: human health implications 
and solutions
• Is mercury from artisanal gold mining entering foodstuffs (e.g., crops, 

chickens), and do food items pose a risk to humans?

• How can we reduce mercury emissions from artisanal gold mining?



Mercury in foodstuffs

Source: Marchese et al. In review



Mercury is elevated in some common foods

Source: Marchese et al. In review

Also elevated in 
eggs



Source: Marchese et al. In review

Mercury is elevated in eggs



Is mercury from artisanal gold mining entering 
foodstuffs (e.g., crops, chickens), and do food 

items pose a risk to humans?

Source: Marchese et al. In review



Reducing Hg emissions in artisanal gold mining



Education and retort distribution increase retort use

Source: Chen et al. 2023. Journal 
of Cleaner Production Letters.



Source: Chen et al. 2023. Journal of Cleaner Production Letters.
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