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T

here has been a global, 30-year increase
in surface mining (1), which is now the
dominant driver of land-use change in
the central Appalachian ecoregion of the United
States (2). One major form of such mining,
mountaintop mining with valley fills (MTM/
VF) (3) is widespread throughout eastern Kentucky, West Virginia (WV), and southwestern
Virginia. Upper elevation forests are cleared
and stripped of topsoil, and explosives are used
to break up rocks to access buried coal (fig. S1).
Excess rock (mine “spoil”) is pushed into adjacent valleys where it buries existing streams.
Despite much debate in the United States
(4), surprisingly little attention has been given
to the growing scientific evidence of the negative impacts of MTM/VF. Our analyses of
current peer-reviewed studies and water-quality data from WV streams revealed serious
environmental impacts that mitigation practices cannot successfully address. Published
studies also show a high potential for human
health impacts
Ecological Losses, Downstream Impacts

The extensive tracts of deciduous forests
destroyed by MTM/VF support some of the
highest biodiversity in North America including several endangered species. Burial of headwater streams by valley fills causes permanent
loss of ecosystems that play critical roles in ecological processes such as nutrient cycling and
production of organic matter for downstream
food webs; these small Appalachian streams
also support abundant aquatic organisms
including many endemic species (5). Many
studies show that when more than 5 to 10% of
a watershed’s area is affected by anthropogenic
activities, stream biodiversity and water quality suffer (6, 7). Multiple watersheds in WV
already have more than 10% of their total area
disturbed by surface mining (table S1).
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Hydrologic flow paths in Appalachian forests are predominantly through permeable
soil layers. However, in mined sites, removal
of vegetation, alterations in topography, loss
of topsoil, and soil compaction from use of
heavy machinery reduce infiltration capacity
and promote runoff by overland flow (8). This
leads to greater storm runoff and increased frequency and magnitude of downstream flooding (9, 10).
Water emerges from the base of valley fills
containing a variety of solutes toxic or damaging to biota (11). Declines in stream biodiversity have been linked to the level of mining
disturbance in WV watersheds (12). Below
valley fills in the central Appalachians, streams
are characterized by increases in pH, electrical
conductivity, and total dissolved solids due to
elevated concentrations of sulfate (SO4), calcium, magnesium, and bicarbonate ions (13).
The ions are released as coal-generated sulfuric acid weathers carbonate rocks. Stream
water SO4 concentrations are closely linked to
the extent of mining in these watersheds (11,
14). We found significant linear increases in the
concentrations of metals, as well as decreases
in multiple measures of biological health, associated with increases in stream water SO4 (see
figure above (Fig. 1.)). Recovery of biodiversity in mining waste-impacted streams has not
been documented, and SO4 pollution is known
to persist long after mining ceases (14).
Conductivity, and concentrations of SO4,
and other pollutants associated with mine runoff can directly cause environmental degradation, including disruption of water and ion balance of aquatic biota (12). Elevated SO4 can
exacerbate nutrient pollution of downstream
rivers and reservoirs by increasing nitrogen
and phosphorus availability through internal eutrophication (15, 16). Elevated SO4 can
also increase microbial production of hydrogen sulfide, a toxin for many aquatic plants
and organisms (17). Mn, Fe, Al, and Se can
become further concentrated in stream sediments, and Se bioaccumulates in organisms
(11) (figs. S1 and S2).
A survey of 78 MTM/VF streams found that
73 had Se water concentrations greater than the
2.0 μg/liter threshold for toxic bioaccumulation (18). Se levels exceed this in many WV
streams (see figure, above (Fig. 1.)). In some
freshwater food webs, Se has bioaccumulated

Threats to ecosystems and human health and
the lack of effective mitigation require new
approaches to mining regulation.

to 4x the toxic level; this can cause teratogenic
deformities in larval fish (fig. S2) (19), leave
fish with Se concentrations above the threshold
for reproductive failure (4 ppm), and expose
birds to reproductive failure when they eat fish
with Se >7 ppm (19, 20). Biota may be exposed
to concentrations higher than in the water since
many feed on streambed algae that can bioconcentrate Se much as 800 to 2000 times higher
than water concentrations (21).
Potential for Human Health Impacts

Even after mine-site reclamation (attempts to
return site to premined conditions), groundwater samples from domestic supply wells have
higher levels of mine-derived chemical constituents than well water from unmined areas (22).
Human health impacts may come from contact
with streams or exposure to airborne toxins and
dust. State advisories are in effect for excessive
human consumption of Se in fish from MTM/
VF affected waters. Elevated levels of airborne,
hazardous dust have been documented around
surface mining operations (23). Adult hospitalizations for chronic pulmonary disorders
and hypertension are elevated as a function
of county-level coal production, as are rates
of mortality; lung cancer; and chronic heart,
lung, and kidney disease; health problems are
for women and men, so effects are not simply
a result of direct occupational exposure of predominantly male coal miners (24).
Mitigation Effects

Reclamation of MTM/VF sites historically
has involved planting a few grass and herb
species (20, 25). Compared with unmined
sites, reclaimed soils characteristically have
higher bulk density, lower organic content,
low water-infiltration rates, and low nutrient
content (8, 25). Many reclaimed areas show
little or no regrowth of woody vegetation and
minimal carbon (C) storage even after 15
years (26). Decreased forest productivity may
be related to the type of surface material (e.g.,
brown versus gray sandstone) used in the
reclamation (27). In reclaimed forests, projected C sequestration after 60 years is only
about 77% of that in undisturbed vegetation
in the same region (28). Mined areas planted
to grassland sequester much less. Since reclamation areas encompass >15% of the land
surface in some regions (29) (table S1), signif-
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The U.S. Clean Water Act and its implementing regulations state that burying streams with
materials discharged from mining should be
avoided. Mitigation must render non-significant the impacts that mining activities have on
the structure and function of aquatic ecosystems. The Surface Mining Control and Reclamation Act imposes requirements to minimize
impacts on the land and on natural channels,
such as requiring that water discharged from
mines will not degrade stream water quality
below established standards.
Yet mine-related contaminants persist in
streams well below valley fills, forests are
destroyed, headwater streams are lost, and biodiversity is reduced; all of these demonstrate
that MTM/VF causes significant environmental damage despite regulatory requirements to
minimize impacts. Current mitigation strategies are meant to compensate for lost stream
habitat and functions but do not; water quality
degradation caused by mining activities is neither prevented nor corrected during reclamation or mitigation.
Clearly, current attempts to regulate MTM/
VF practices are inadequate. Mining permits
are being issued despite the preponderance
of scientific evidence that impacts are pervasive and irreversible and that mitigation cannot compensate for losses. Considering environmental impacts of MTM/VF, in combination with evidence that the health of people
living in surface-mining regions of the central
Appalachians may be compromised by mining activities, we conclude that MTM/VF permits should not be granted unless new methods
can be subjected to rigorous peer-review and
shown to remedy these problems. Regulators
should no longer ignore rigorous science. The
United States should take leadership on these
issues, particularly since surface mining in
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icant potential for terrestrial C storage is lost.
Mitigation plans generally propose creation of intermittently flowing streams on mining sites and enhancement of streams offsite.
Stream creation typically involves building
channels with morphologies similar to unimpacted streams; however, because they are on
or near valley fills, the surrounding topography, vegetation, soils, hydrology, and water
chemistry are fundamentally altered from the
premining state. U.S. rules have considered
stream creation a valid form of mitigation
while acknowledging the lack of science documenting its efficacy (30). Senior officials of the
U.S. Army Corps of Engineers (ACOE) have
testified that they do not know of a successful stream creation project in conjunction with
MTM/VF (31).
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Stream chemistry and sulfate effects on stream
life. (Top) Average concentrations of manganese,
iron, aluminum, and selenium. (Bottom) Stream
invertebrate community metrics in relation to sulfate concentrations for 1058 WV streams (methods
in table S2). Regressions of metrics versus SO4 were
all statistically significant (table S3).
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many developing countries is expected to grow
extensively (32).
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