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Introduction

Coal and metal mining disturb large volumes of geologic
material and expose themto the environment. Throughthis
exposure to air and water, sulfide minerals commonly
associated with coal and metal deposits are oxidized and
hydrolyzed resulting in acid mine drainage (AMD). AMD s
a low pH, sulfate-rich water with high amounts of acidity.
The acidity is comprised of mineral acidity (iron, aluminum,
manganese, and other metals depending on the geologic
deposit) and also hydrogen ion acidity. Other metals and
trace elements in the geologic material may also be
solubilized due to the acid leaching conditions. Therefore,
the composition and concentration of metals in AMD vary
widely but most AMD is characterized by low pH, high
sulfate and iron. As contaminated streams flow into larger
streams or lakes, dilution occurs making the water less
toxic. Also, chemical and biological reactions cause some
neutralization of the acidity and precipitation of metals.
Oxidized iron precipitates as ferric hydroxide (or yellow
boy) as the pH increases above 3.5, while manganese and
aluminum hydroxides require a pH of at least 7 and 5,
respectively, to precipitate. The traditional approach for
treating AMD is collecting the contaminated drainage in
ponds and treating with alkaline reagents to neutralize
acidity and precipitate metals, and raise pH (Skousen
1988). This treatment method (often called an active
system) is costly in terms of equipment, chemicals, and
manpower (Skousen et al. 1990). In addition, the treatment
system must be continued for an indefinite time period.
Estimates of this cost to the coal industry exceed $1 million
per day (Kleinmann 1990).

Approximately 20,000 km of streams and rivers in the
United States are impacted by AMD, and the majority of
these streams receive AMD from old, abandoned surface
and deep mines (Girts and Kleinmann 1986). Since no
company or individual claims responsibility for reclaiming
abandoned mine lands (AML), no treatment of the AMD
occurs and continual contamination of surface and ground-
water resources results.

Wetlands and anoxic limestone drains provide passive
treatment in contrast to continuous chemical additions.
Wetlands have been used for decades in the treatment of

municipal wastewater (WPCF 1990) but only within the last
10 years have they received serious attention in the
treatment of AMD. Researchers at Wright State University
and West Virginia University independently noted that
AMD from AML wasimproved after passing through natural
Sphagnumwetlands in Ohio and West Virginia (Huntsman
etal. 1978, WiederandLang 1982). Since then, investigators
have documented many other sites where the same
phenomenon was observed (Brooks et al. 1985, Burris
1984, Samuel et al. 1988). The next step in using passive
treatment processes for reclamation was to construct
artificial wetlands on mine sites and determine whetherthe
same treatment benefits were realized. Criteria for building
wetlands were developed and eventually refined using trial
and error by numerous wetland builders. Research has
also helped in the development of construction
specifications.

Treatment of AMD by Natural Wetlands

Many studies of AMD treatment by natural and volunteer
wetlands show a substantial drop in sulfate and iron
concentrations and a concomitant pH rise in the effluent.
For example, Tub Run Bog in northern West Virginia
received mine drainage from several abandoned deep
mines in the area (Wieder and Lang 1982). After flowing
through the wetland, pH rose from 3.0 to 5.5, sulfate
concentrations were lowered from 250 mg/l to 10 mg/l,
while iron was decreased from about 50 mg/I to less than
2 mg/l. Another natural wetland in Pennsylvania received
AMD with apHof 5.5, and removed iron from 25 mg/lto less
than 1 mg/l and manganese from 35 to 2 mg/I (Kleinmann
1985). Not all natural wetlands are capable of tolerating
AMD. In a study of "volunteer" natural wetlands in West
Virginia, remnan s of wetlands were found which had been
destroyed by AMD (Garbutt, unpublished data). In the
same study, anold healthy wetlandwhich hadbeenreceiving
AMD for approximately 20 years was found to have more
ironinthe outflow thanintheinflow. This suggests that after
acertainlevel of metal accumulation, wetlands may "unload"
the metal acc umulated and may decrease rather than
improve the water quality over a long time period.
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