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Key Points: 

 Artisanal and small-scale gold mining (ASGM) has resulted in higher mercury levels in water bodies in the Madre de Dios region of the     

Peruvian Amazon.  

 Concentrations of mercury in river water downstream from artisanal mining areas were found to be 10 times higher than in upstream areas. 

 ASGM has created a large number of mining ponds in Madre de Dios. Between 1984 - 2018, the total surface area of mining ponds in heavily 

mined areas increased by 670% (1,600 ha).  

 Mining ponds are likely more effective than rivers for converting mercury to the more toxic methylmercury. The fraction of methylmercury 

to total mercury in mining ponds was found to be up to 7 times higher than in downstream rivers.  

 The creation of mining ponds, and the high rates of methylmercury production in those ponds, amplifies the risk of mercury exposure to 

vulnerable populations of people and wildlife that rely on fishing in and around post-ASGM landscapes. 
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INTRODUCTION 

Artisanal and small-scale gold mining (ASGM) is the main   

contributor of mercury pollution to the atmosphere globally1. 

Mercury (Hg) is a potent neurotoxin that can have harmful 

effects on both people2 and wildlife3. ASGM is also responsible 

for high amounts of deforestation4 and loss of biodiversity5 as 

land is cleared in the process of mining. In the Madre de Dios 

region of the Peruvian Amazon, ASGM has caused a loss of 

more than 100,000 hectares of forests over the past 35 years  

and accounts for approximately 180 tons of elemental Hg 

emissions annually, according to a recent report6. 

In the ASGM process, small groups of miners pump gold-laden 

sediments from rivers, lakes, and floodplains. Miners mix this 

sediment with Hg, some of which selectively binds to the gold. 

This mixing forms a Hg-gold alloy, called an  amalgam, that can 

be easily separated from the rest of the sediment. However, 

not all of the Hg attaches, and the surplus Hg is dumped into 

ponds and rivers. The Hg that does attach to the gold in the 

amalgam ball is later burned off, releasing Hg into the          

atmosphere. 

To get the sediments for this process, miners dig large pits in 

the landscape. These pits fill in with rainwater and         

groundwater, effectively creating thousands of small           

post-mining ponds. As a result, the land cover in this region is    

drastically altered from forested to ponded. In the most    

heavily mined areas in Madre de Dios, an average of 30% of 

post-mining landscapes are abandoned mining ponds7. 

This research brief outlines ongoing research conducted by 

Duke University, the University of North Carolina at Chapel 

Figure 1: Expansion of Surface Water Over Time Due to Mining. Yellow regions represent rivers that pre-date ASGM activities, and magenta areas 
represent recently formed ponded waters from ASGM. The inset images provide an example of the changes brought about by mining. They show the 
landscape of an impacted area in 1987 and the same area in 2018. Imagery from 1987 was chosen due to the lack of cloud cover when compared to 
other years early on in the study period. 
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Hill, Wake Forest University, and the Center for Amazonian 

Scientific Innovation (CINCIA). It examines how ASGM changes 

the number of mining ponds on the landscape between 1984 

and 2018 and describes the amounts of Hg found in these    

mining ponds and other water bodies in Madre de Dios.  It also 

studies the impact that mining ponds have on the conversion of 

elemental Hg into the more toxic form of methylmercury 

(MeHg) in watersheds.  

   

METHODS 

This study combined an analysis of landscape change, using 

high-resolution satellite data to quantify the increase in mining 

ponds over time, with an analysis of water column Hg levels in 

locations both upstream and downstream of ASGM activity to 

describe how ASGM affects the levels of Hg in aquatic environ-

ments in Madre de Dios.  

Water column samples were collected from mining ponds as 

well as aquatic habitats upstream and downstream of mining 

activities in the Madre de Dios river and its tributaries, during 

the dry season in July and August of 2019. We analyzed all   

water column samples for total Hg content, which represents 

all forms of Hg using EPA Method 1631 at Duke University on a 

Tekran 2600 Automated Total Mercury Analyzer. Water column 

MeHg was measured using EPA Method 1630 at Duke           

University on an Agilent 770.  

To measure changes in total surface water coverage for rivers 

compared to ponds in the study area, we used Landsat satellite 

images from 1984 to 2018 to identify the extent of surface   

waters over the entire region on an annual basis. Within the 

areas defined as water, we identified all rivers greater than 30 

meters wide and identified all the water bodies that were    

connected to a river. Water that was connected to a river was 

identified as a riverine or lotic system; otherwise, it was       

classified as a lentic system that could be either a mining pond 

or a natural lake. Total surface coverage for lotic and lentic   

systems areas was calculated for each year to examine changes 

in the distribution and amounts of water body types as ASGM 

activities increased over the study period.  

 

 

 

 

 

 

 

 

 

RESULTS  

Levels of total Hg in rivers downstream from artisanal mining 

are 10 times higher than upstream river areas. 

Total Hg concentrations in river water downstream from       

mining sites were about ten times higher than upstream river 

sites (downstream river: 10.1 ± 2.8 ng Hg/L vs. upstream river: 

0.9 ± 0.5 ng/L) (Figure 3). Hg is generally transported bound to 

particles in water. ASGM increases the amount of these       

suspended particles through active excavation and soil erosion 

of the deforested areas, increasing the potential for Hg to move 

downstream in adjacent rivers. The combination of these     

processes and Hg pollution leads to higher levels of Hg in ASGM

-impacted river waters than in areas upstream of ASGM       

activities.  

Lentic system (mining ponds and natural lakes) converted Hg 

to the more toxic MeHg at rates 5-7 times higher than rivers. 

Lentic systems were more efficient at forming MeHg. Mining 

ponds contained 5.8 ± 1.2% of Hg as MeHg and downstream 

oxbow lakes contained 7.9 ± 2.1%, compared to 1.1 ± 0.3% in 

downstream river water. Since even small amounts of MeHg 

are highly toxic, this  increase in MeHg production in ponds has 

serious  implications. 

Figure 2. Lake Area Change Over Time. Time series of the percent 
change in ponded area for those watersheds within the study heavily 
impacted by mining (red) versus those watersheds with minimal min-
ing impacts (black).  
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Figure 3: Mercury Concentration by Water Type. The average     
concentration of total Hg across different water body type. Total Hg 
concentrations are highest in the downstream river water due to an 
accumulation of Hg and sediment deposited into the rivers         
upstream of the sample locations. 

Figure 4: Proportion Methylmercury by Water Type. The average 

concentration of percent Hg as MeHg (MeHg concentration / total 

Hg concentration) across the sampled water body type. The         

significantly higher values in lakes and mining ponds show that 

these ponds and lakes are more efficient at converting Hg into the 

more toxic form of MeHg compared to rivers. 

Lentic water bodies have been found to process Hg differently 

than river environments. The higher amount of MeHg produced 

in lakes and ponds likely occurs because these systems have 

lower oxygen levels8. Since the   microbes that convert Hg into 

MeHg are more abundant at low oxygen, Hg methylation rates 

in lakes and ponds tend to be higher compared to rivers which 

are more oxygenated.  

In heavily mined areas (Inambari and Colorado watersheds), 

the total surface area of mining ponds increased by 670% 

(1,600 ha) between 1984 – 2018. 

In contrast, the total surface area of lentic water bodies in areas 

without heavy mining increased by an average of only 20% (80 

ha) (Figure 1 and 2). The conversion rate of forest lands to     

mining ponds in heavily mined areas has accelerated since the 

year 2008, when artisanal gold mining sharply increased in the 

region in response to increased global gold prices. 

The combined effect of increasing areas of mining ponds and 

the higher amount of MeHg produced in these ponds likely 

increases the risk of MeHg exposure through the consumption 

of fish caught in these water bodies.  

Higher MeHg production rates in mining ponds and lakes may 

have serious implications for human and environmental health. 

MeHg enters aquatic food chains, magnifying in top level      

predators such as certain fish9 and mammals. People who rely 

on the consumption of these species, such as indigenous      

communities, are at increased risk of Hg exposure and the 

health problems associated with Hg exposure.  

This pattern of increased extent of mining ponds and  increased 

MeHg production is not isolated to the Peruvian Amazon. We 

found similar trends in other countries throughout the world 

with ASGM, suggesting that Hg toxicity associated with ASGM is 

widespread and threatens vulnerable populations of people and 

wildlife10.  

CONCLUSIONS 

Our results show that the risk of Hg to humans and wildlife   

associated with gold mining is amplified by the creation of   

thousands of ponds across the landscape.  These ponds       

effectively transform Hg into the more toxic MeHg. The        
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combined effect of increased lentic systems and Hg loading   

poses a serious threat to local communities. Thus, in evaluating 

the risk of Hg from ASGM, we need to consider not just the 

overall amount of Hg inputs to the aquatic ecosystem, but also 

how changes in mining ponds and lakes extent influence the 

processing of this Hg, particularly in global biodiversity hotspots 

such as Madre de Dios. 
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