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From ~1570 to 1810, Hispanic America produced ~70% of the global silver output, 
using the “patio method” involving mercury amalgamation.
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Egleston, 1887



Nriagu (1993, 1994) estimated a 
total Hg loss during the period 
~1570–1900 was ~196 kt (or 610 
t/yr). Assuming 60% of that were 
emitted to the atmosphere 
(“emission factor”), similar to 
that from AGM in the Amazons, 
silver mining in Hispanic America 
would have emitted  ~120 kt (or 
375 t/yr) to the atmosphere.

“It is clear that the silver mines were the dominant source of [anthropogenic] 
atmospheric mercury pollution [in the world during that period]”  – Nriagu, 1993

Mercury losses from the refining of silver 
in Hispanic America



Using a more conservative emission factor of ~52%, Streets et al. (2011) estimated 
that silver mining was the single largest anthropogenic Hg emitter to the atmosphere 
(146 kt), accounting for 40% of the all-time, global total (350 kt).



 Was/is calomel present in the local environment?

 How stable is calomel as a chemical sink of legacy Hg?

 What are the implications locally and globally?

 Subsequently, recent studies have started to use a lower emission factor in global 
Hg modeling: 

 But no experimental studies have examined Guerrero’s postulation re 
calomel, specifically: 

 17%: Zhang et al. (2014); Outridge et al., 2018; UNEP 2019

 3%: Streets et al. (2019)



A UNESCO world heritage site, Guanajuato produced over 8,000 tons of Ag 
from 1664 to 1805 using the patio method. 

Introducing Guanajuato, Mexico
★
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A hacienda along the river full of wastes in Guanajuato

Mineral wastes washed up 
post-flood in Guanajuato

As cited in Perez, 2019



 Ground-level ambient air: GEM

 Soil interstitial air: GEM 

 Soil Hg concentration & speciation

 Soil mineralogical analysis

Loria et al., 2022, STOTEN

Our study

26 sites in July 2019:





Hg used in the patio process continues to elevate present-day concentrations of GEM 
throughout Guanajuato. In the ground-level air, GEM ranges from 8 to 450 ng/m3.

Mean GEM concentrations in ground-level, ambient air

Loria et al., 2022, STOTEN



Extremely high GEM concentrations, up to 45,000 ng/m3, are found in the interstitial air 
of reprocessed mineral wastes, sediment, and soil.

GEM concentrations in soil interstitial air

Vertical distribution
Peak concentration

Loria et al., 2022, STOTEN



SEM/TEM analysis shows the 
presence of AgHg amalgam and 
Hg(S,Se), but no clear evidence 
for the presence of calomel or 
HgCl2 phases. 

Schindler et al., 2024

Soil mineralogical analysis



Extraction with 
2-mercaptoethanol

HPLC-ICP-MS 
analysis

Soil total Hg concentration varies from 0.068 to 622 ug/g. Speciation analysis 
shows the presence of Hg(I), but quantitation is not possible due to the instability.

Soil Hg concentration and speciation

Loria et al., 2022, STOTEN
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Stability of calomel in the presence of sunlight

Sustained, elevated [GEM] upon 
exposure to simulated sunlight

Sustained, elevated GEM levels over time when a freshly dug soil section is exposed to 
sunlight. A similar pattern is observed from a lab test of calomel exposed to a solar simulator. 

Lab test of calomel inside a solar simulator
Field observations 

Loria et al., 2022, STOTEN



Ending of the tale: the saga continues!

Local implications: Continuous and considerable “legacy Hg emissions” to the 
atmosphere might have been posing a heath risk to local residents for generations. 

Global implications: “Instantaneous Hg emission factor” to the atmosphere was 
likely somewhere between the extreme values of 3% (Guerrero) to 60% (Nriagu). 

A considerable amount 
of legacy Hg from 
historical Ag refining 
persists in the local 
environment to the 
present day, and 
continues to elevate 
ambient air Hg 
concentrations.
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