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Introduction

• Overview of acid sulfate soils

• Review associated soil and water 
quality issues

• Present detail on acid-S reactions 
and neutralization products
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Active pyrite 
depositional 
environment 
in high C 
and sulfate 
input tidal 
marsh.

Fig. from 
Fanning & 
Fanning.

Fe reduction is microbially 
mitigated and releases alkalinity 
to the system. 

Black mono-
sulfides 
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Framboidal pyrite 
forms from Fanning 
et al. (2002). Finely 
divided framboidal 
pyrite is  much more 
reactive than larger 
and more crystalline 
forms. 

“Simple” Pyrite Oxidation
(Singer & Stumm 1970; Nordstrom, 1982)

FeS2 + 7/2O2 + H2O          FeII + 2SO4 
2- + 2H+  (1)

FeII + ¼ O2 + H+ FeIII + ½ H2O            (2)
(Direct oxidation; relatively slow)

FeIII + H2O                Fe(OH)3 + 3 H+                          (3)

FeS2 + 14FeIII + 8H2O        15FeII + 2SO4 
2- + 16H+

(Oxidation by FeIII; very fast under pH < 4.5)           (4)
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Highwall-bench-outslope 
landform in SW Virginia. 
Unstable outslopes such as 
these caused water quality 
degradation.

AMD impact in 
northern WV
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Complex sulfate 
salts and AMD

Coal waste

Sulfidic metal mine tailings 
at Anaconda, Montana
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Acid sulfate materials from dredging in Queensland mangrove area. 

Acid drainage in Trinity Bay 
mangrove development; 
courtesy Col Ahern.
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Phragmites reeds begin to invade acid sulfate soil in 
DM at Hart-Miller about one year after DM deposition

Pb/Zn smelter slag site in Katowice Poland in 1994. Materials 
were 3 to 10% total-Zn, > 1000 ppm water soluble Zn, and > 90 
ppm water soluble Cd. 
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Non-acidic Pb/Zn tailings in Poland with EC > 5 
mmhos/cm and water soluble Zn > 1000 mg/L.

View of treated vs. 
untreated Welz; 
nothing more to 
say?



11/3/2011

9

Enough of the 
world view; why 
are we talking 
about this 
today in 
Fredericksburg?

Summary and Overview
• Acid-S soils and related materials pose 

profound revegetation challenges and water 
quality risks worldwide.

• You must assess the total acid producing 
potential of these materials to adequately 
develop a revegetation protocol. The term 
for this is potential acidity.  

• In this area, we commonly encounter acid 
forming materials that need between 10 and 
20 tons of lime per acre to neutralize. 
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Summary and Overview

• High lime rates coupled with heavy 
loadings of organic amendments have 
been successfully employed on some very 
nasty materials!

• Our stock of utilizable plant materials is 
very low. To date, we have identified a 
number of tolerant grasses and a few 
woody species, but no legumes. 

Summary and Overview
• The best way to avoid pyrite oxidation is  

to avoid exposing it to the near-surface 
environment!  Subaqueous disposal or 
encapsulation/isolation of potentially acid-
forming materials from oxygenated water 
is the best second choice. 

• Bulk liming with an appropriate 
neutralizer according to ABA is the most 
effective approach for neutralizing 
potential acidity in most land disturbing 
environments. 


