
How is the acid-producing potential of a 
material determined?

A few different methods are commonly used to 
determine the acid-producing potential of sulfide 
bearing materials. In the CSES department at Va Tech 
the Potential Peroxide Acidity (PPA) method is 
commonly used. This method rapidly oxidizes a sample 
with hydrogen peroxide and then the amount of acidity 
produced is measured. The results are expressed as a 
calcium carbonate equivalence (i.e. how much lime must 
be added to neutralize the acidity). 

How are acid sulfate soils reclaimed?

Treatment of acid sulfate soils typically involves three 
main steps. First, after notification of a possible acid 
sulfate site, a field investigation is completed which 
includes the collection of soil and drainage samples. 
Next, laboratory analyses including pH, PPA and other 
relevant characterization tests are completed. A 
reclamation prescription is developed based on the 
laboratory results and the site specific conditions. The 
prescription includes a lime recommendation, 
emphasizing that the lime must be thoroughly 
incorporated to at least 6 inches. Fertilization needs 
also are addressed, and incorporation of organic 
amendments or topsoil covers are typically 
recommended but not always essential for reclamation 
success. After incorporating these amendments, 
seeding should be completed only during established 
planting dates in the fall or spring.

How are acid sulfate soils regulated in Virginia?

Until this year there were no regulations in Virginia 
regarding testing and handling of sulfide-bearing 
materials (outside of the mining industry). However, as 
of March 1, 2007, the City of Fredericksburg will 
make effective the first policy within the state 
requiring potential acidity testing and development of 
remediation plans prior to new construction. This policy 
was drafted with assistance from Va Tech. Hopefully 
as awareness increases among engineers, contractors 
and the public, more localities will develop regulations 
for identifying and properly handling sulfidic materials 
during construction. 

CHARACTERIZATION AND RECLAMATION OF 
ACID SULFATE SOILS IN VIRGINIA

What problems are associated with acid 
sulfate soils?

In construction sites such as road corridors, 
industrial parks, airports, and housing developments, 
the exposure of sulfidic materials can present a 
number of technical, environmental, and social 
problems as listed below and illustrated to the right:

o acid attack degrades metal and concrete building 
materials

o weathering of fill material and precipitation of 
sulfates compromises structural stability

o highly acidic soils cannot support roadside 
vegetation resulting in icreased erosion and acid 
runoff

o highly acidic and metal-laden runoff impairs surface 
water quality and aquatic life 

o visible pollution and adverse conditions for aquatic 
life limit recreational use of impacted surface waters

Which geologic formations in Virginia are 
associated with acid sulfate soils?

Acid sulfate soils occur at several sites in different 
geologic and geomorphic settings across the state of 
Virginia, including:

o Coastal Plain: Tertiary marine sediments and the 
Tabb formation 

o Piedmont: phyllite and slate of the Quantico 
Formation 

o Blue Ridge: Alum phyllite

o Valley and Ridge: Devonian black shales including 
the Marcellus, Millboro, and Chattanooga shale and 
the Needmore Formation.

o Appalachian Plateau: coal seams and shale including 
the Wise, Kanawha, Norton, New River, Lee and 
Pocahontas Formations.

Detailed field, laboratory, and literature studies 
were completed to develop a sulfide hazard rating 
map for the state of Virginia as seen to the right. 
Ratings were based on the acid producing potentials 
of the different materials, documentation of sulfide-
bearing materials, and current reclamation 
capabilities. The ratings were then applied to the 
state geology map.
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3. This roadcut (below) along Rt. 
250 in Highland County cuts through 
the Millboro shale and Needmore
formation. Sulfides occur primarily as 
framboidal pyrite (below) and clusters 
of pyrite microcrytals.

2. This stream (left) is polluted 
by acid drainage as it passes 
through a culvert beneath I-64 in 
Alleghany County. Damage to 
construction materials, including 
metal and concrete deterioration, 
is readily evident inside the 
culvert (inset).

4. In Stafford County the Quantico Formation was 
exposed along this roadcut (above), and used as 
backfill through an adjacent subdivision.  Sulfide 
oxidation resulted in iron-staining and concrete 
deterioration along curbs and sidewalks. Lawns in 
this neighborhood require intense management. 

10. Exposure of the Ashe 
formation (above) in the 
southern Blue Ridge has created 
acid roadcuts in Floyd and 
Carroll Counties. This roadcut in 
Floyd Co. drains to the culvert 
on the far right (above right), 
while a non-sulfide bearing 
formation drains to the adjacent 
culvert. The acid drainage 
decimated a local landowner’s 
fishpond. Sulfides at this 
roadcut occur as micrcrytalline
masses of pyrrhotite (below).

6. This Fredericksburg subdivision 
(above) was affected by sulfidic 
Tertiary marine sediments which were 
used as backfill in several yards. 

5. Stafford Regional Airport 
presented the largest 
uncotrolled exposure of 
sulfidic materials in the 
state (>150 ha). Soil pH was 
typically <3 and acid runoff

Between 1997 – 2006 funding for acid sulfate soil 
related projects has been provided by the 
Transportation Research Council (development of 
state-wide sulfide hazard map), the DC Water 
and Sewer Authority (Stafford Regional Airport), 
Virginia DEQ (Lee Farm Tire Site), and others.

1: PPA generally < 10 Mg CaCO3/1000 Mg and % S < 0.5

2: PPA generally < 10 Mg CaCO3/1000 Mg and % S > 0.5

3: PPA generally 10 - 60 Mg CaCO3/1000 Mg 

4: over 10% of samples have PPA  > 60 Mg CaCO3/1000 Mg 

Sulfides not documented

Sulfides documented; 
acid potential unknown

Water

The lower photo shows 
an unremediated yard 
(pH ~ 3, note extensive 
iron-staining on 
sidewalk). The two 
upper photos show a 
neighboring yard one 
year after remediation 
in 2005 with lime, 
compost and fertilizers.

pyrrhotite

~ 1 mm

pH 
~3

pH 
~5.5

d ~ 0.05 mm

1. Soluble sulfate salts 
precipitate along fractures and 
bedding planes of the 
Chattanooga shale in Wise Co. 
Precipitation of certain 
sulfate minerals
can result in
heaving.

7. This roadcut in Hanover County 
(below) has highly acidic surface soils 
(pH ~ 3) which cannot support 
vegetation and are prone to erosion 
as indicated by exposure of a 
guardrail over the course of 5 years.

8. This channel (below) was excavated to redirect a 
creek during road construction. Exposure of sulfidic 
Tertiary marine sediments produced acidic soils (pH ~ 3).

9. Exposures of the Tabb formation (below) in the eastern Coastal 
Plain produce acidic soils (pH ~ 3) which are difficult to vegetate. 
Water in sedimentation ponds at a construction site near Hampton, 
Va. have low pH (~3) and elevated metal contents. 
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For an explanation of PPA 
please refer to main text (right).

What are acid sulfate soils?

Acid sulfate soils form when sulfide-bearing 
materials are excavated from below the Earth’s 
surface and are exposed to the atmosphere. 

Reaction of sulfide 
bearing soil materials 
with 30% hydrogen 
peroxide.

Application  of 
lime-stabilized 
biosolids at 
Stafford Regional 
Airport.

impaired a second order stream. 
The site was successfully 
remediated in the year 2002 with 
lime-stabilized biosolids, and to 
date remains vegetated. The 
airport is shown prior to 
remediation (left, upper photos) 
and 2 years after remediation 
(left, lower photo). 

1994

Also note the guardrail is severely corroded. In addition to 
environmental concerns and material damage, this roadcut was 
troublesome to VDOT as motorists routinely complained about 
its appearance. 

The sulfides (primarily pyrite) 
oxidize to produce sulfuric acid, 
iron oxides/hydroxides, and sulfate 
precipitates. The resulting soil is 
typically highly acidic (pH < 3.0), 
and as is often  associated with 
acidic, metal-laden surface runoff.

1999

which cannot 
support vegetation 
along the 
streambanks.


