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Introduction

• Acid mine drainage a worldwide problem 
causing long-term impacts to waterways and 
biodiversity

• Example of point-source pollution* / geogenic 
pollutant with anthropogenic influence 
(Contamination of Water lecture)

*Single identifiable source of pollution 



Objectives

• Explain the geological processes which 
concentrate iron and copper in the Earth’s 
crust

• Explain the fundamental processes which 
generate acid-mine drainage

• Explain the environmental consequences of 
acid-forming systems 



COPPER ORE FORMATION



SNL Metals & Mining Database (2017).
Reproduced under CC BY 4.0 licence

Active mining sites world map



SNL Metals & Mining Database (2017).
Reproduced under CC BY 4.0 licence

Subduction zones

Active mining sites world map
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Produced by George Wilson from 
an adaptation of Mitchell et al. (2010) (OA) 



ACID-MINE DRAINAGE FORMATION 
AND CHARACTERISTICS



AMD reactions

4FeS2 + 14H20 + 15O2 4Fe(OH)3 + 4SO4
2- + 8H+

pyrite or copper sulphide Ferrous hydroxide sulphuric acid

• Copper and iron minerals such as pyrite (FeS2) or 
chalcopyrite (CuFeS2) unstable on exposure to 
oxygen and water:

• Ferrous hydroxide and sulphuric acid are produced

(Dold, 2014) (OA)



AMD characteristics 

• Drainage can occur from from open pits, adits 
or mine tailings 

• AMD typically around pH 2-3, as low as -3.6! 
(pH = -log[H+]) (Nordstrom, 2000)

• Drainage typically orange/red from 
precipitation of ochre

Image from Wikipedia under a public domain license



Characteristics of abandoned mines in Tasmania

Parameter Mean 

(TGS, 2005; OA) 

WHO guideline 

values (WHO, 

2017; OA)

pH 5.45 6.5-8.0

SO4
2- 557 mg/L 250 mg/L

As 43.91 mg/L 0.01 mg/L

Cd 0.03 mg/L 0.003 mg/L

Cu 2.52 mg/L 2 mg/L

Pb 0.21 mg/L 0.01 mg/L

Zn 7.45 mg/L 3 mg/L



AMD characteristics 

Image taken by George Wilson



Monywa Copper Project

• Four sulfide-deposits (e.g. Kyisintaung) make 
up Monywa, Myanmar’s largest mine

• Locals reportedly can no longer grow crops in 
areas in close vicinity to mining activities

• Artisanal mining exacerbates the problem 
here

• Mitigation of AMD does occur to some extent  

(Smith, 2007) (OA)



ENVIRONMENTAL CONSEQUENCES 
OF AMD



Metal leaching and dependency on pH

   

 

    

    

  
(*Ni, Cu, Zn, Cd, Pb, Al, Fe cations)

(**Mo, Cr(VI), As, Se, Sb, SO4  anions)
Produced by George Wilson 

from Król et al., (2020) (OA)

• Many metals (e.g. cadmium, lead) will become 
mobilised or precipitated as a result of lower pH



Metal speciation

Produced by George Wilson

  

  



Heavy metal cellular toxicity

Cell membrane disruption
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Inhibition of transcription
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DNA damage
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Inhibition of translation

Hg, Pb, Cd

Inhibition of cell division
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Inhibition of nutrient uptake
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Reactive oxygen species 

generation

Pb, Cd, Hg, Cu, Zn

Produced by George Wilson from Bánfalvi (2011)

Protein denaturation
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Inhibition of 

enzyme activity
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SUMMARY



Summary

• Acid mine drainage often a severe and 
complex problem in Myanmar and 
globally 

• Low pH can increase metal mobility and 
speciation, which can have adverse 
effects

• Environmental and other impacts of acid 
mining drainage should be thoroughly 
considered, evaluated and mitigated 
where necessary 



LEARNING EXERCISE



Learning exercise

1.Calculate H+ concentration from these documented mine pHs:

Parys Mountain, UK: 2.7

Richmond Mine, California: -3.6

2.Discuss how acid mine drainage can degrade the environment. 
How may this affect the social and economic issues? 

3a. What examples can you find (using Google Scholar or similar) 
of acid mine drainage occurring in Southeast Asia?

3b. Are there other examples of acid mine drainage in Myanmar 
that you are familiar with? If so, what impacts does this 
have? Are there controls in place to mitigate the impacts?

pH = -log[H+]
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