Downloaded by 172.28.50.149 on August 25, 2009 | http://pubs.acs.org

Publication Date (Web): May 4, 2009 | doi: 10.1021/es900714p

Environ. Sci. Technol. 2009, 43, 63266333

Survey of the Potential
Environmental and Health Impacts
in the Immediate Aftermath of the
Coal Ash Spill in Kingston,
Tennessee

LAURA RUHL," AVNER VENGOSH,*'*
GARY S. DWYER," HEILEEN HSU-KIM,*
AMRIKA DEONARINE,* MIKE BERGIN,S
AND JULIA KRAVCHENKO"

Division of Earth and Ocean Sciences, Nicholas School of the
Environment, 205 Old Chemistry Building, Box 90227, Duke
University, Durham, North Carolina 27708, Civil and
Environmental Engineering, 121 Hudson Hall, Box 90287,
Duke University, Durham, North Carolina 27708, School of
Civil and Environmental Engineering and School of Earth

and Atmospheric Sciences, 311 Ferst Drive, Georgia Institute of
Technology, Atlanta, Georgia 30332, and Duke Comprehensive
Cancer Center in Duke School of Medicine, 2424 Erwin Road,
Hock Plaza, Suite 601, Durham, North Carolina 27705

Received March 6, 2009. Revised manuscript received April
15, 2009. Accepted April 17, 20009.

An investigation of the potential environmental and health
impacts in the immediate aftermath of one of the largest coal
ash spills in U.S. history at the Tennessee Valley Authority
(TVA) Kingston coal-burning power plant has revealed three
major findings. First, the surface release of coal ash with high
levels of toxic elements (As = 75 mg/kg; Hg = 150 ug/kg)

and radioactivity (®Ra + %®Ra = 8 pCi/g) to the environment
has the potential to generate resuspended ambient fine particles
(<10 um) containing these toxics into the atmosphere that
may pose a health risk to local communities. Second, leaching
of contaminants from the coal ash caused contamination of
surface waters in areas of restricted water exchange, but only
trace levels were found in the downstream Emory and

Clinch Rivers due to river dilution. Third, the accumulation of
Hg- and As-rich coal ash in river sediments has the potential to
have an impact on the ecological system in the downstream
rivers by fish poisoning and methylmercury formation in anaerobic
river sediments.

Introduction

On Monday, December 22, 2008, the containment structure
surrounding the storage of coal ash at the Kingston coal-
burning power plant of the Tennessee Valley Authority (TVA)
collapsed, which resulted in massive release of coal combus-
tion products (CCP) ash to the environment near Harriman,
Tennessee. The CCP material, consisting of fly ash and bottom
ash, spilled into tributaries of the Emory River and directly
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into the Emory River (Figure 1), which joins the Clinch River
that flows to the Tennessee River, a major drinking water
source for downstream users. The Kingston coal ash spill
released over 4.1 million cubic meters of ash, which is one
of the largest spills in U.S. history. Some previous coal ash
spills in the United States include the 2000 Martin County
spill in Kentucky, which released over 1.1 million cubic meters
of coal slurry into abandoned mines and nearby creeks (1),
and the 1972 Buffalo Creek incident in West Virginia, which
released almost a half million cubic meters of coal mining
residue slurry into a nearby town (2). Numerous studies have
shown that coal ash contains high levels of toxic metals that
can harm the environment (3—14) and some of these
elements are soluble in water and easily leached in aquatic
systems (13—16).

This paper aims to provide an initial assessment of the
potential environmental impacts and health risks associated
with the Kingston TVA coal ash spill. In particular, the paper
examines the reactivity of trace metals known to be enriched
in CCP ash (9, 13) in surface water and the potential ecological
effects associated with the accumulation of CCP ash in river
sediments. Furthermore, the paper emphasizes the relatively
high content of radionuclides in CCP ash and the potential
health impact of their resuspension in the atmosphere. While
most studies have investigated the potential for radon
emanation from cement and fly ash used as building materials
(17—20), here we examine possible health risks associated
with elevated radium activity in CCP ash. The study includes
measurements of trace metals in solid ash, sediments from
theriver, and water samples that were collected in the vicinity
of the coal ash spill. Given the limited data collection since
the accident, this paper provides only an initial evaluation,
and does not provide a comprehensive assessment of the
overall environmental impacts of the TVA coal ash spill.

Analytical Methods and Materials

Coal ash, sediments from the rivers, and water samples from
tributaries, the Emory and Clinch Rivers, and springs near
the spill area in Kingston and Harriman, TN (Table S1; Figure
1) were collected in three fieldtrips on January 9—10, February
6—7, and March 27-28, 2009. The surface water samples
were collected near the river shoreline from sites located
upstream and downstream (at different distances) of the spill.
Each location was determined by availability of public access
and/or allowance by property owners. Water sampling strictly
followed USGS protocol (21); trace metal and cation samples
were filtered in the field (0.45 um syringe filters) into new
and acid-washed polyethylene bottles containing high-purity
HNOs. Trace metals in water were measured by inductively
coupled plasma mass spectrometry (ICP-MS); mercury in
sediments and coal ash was measured by thermal decom-
position, amalgamation, atomic absorption spectroscopy
(Milestone DMA-80) (22); and radium isotopes were mea-
sured by y-spectrometry (see supporting text S1).

Results and Discussion

Coal Ash and Sediments. A comparison of the chemical
composition of the TVA coal ash and local soil in Kingston,
Tennessee (Table 1) shows marginal enrichments of major
elements of calcium (by a factor of 2), magnesium (1.3), and
aluminum (1.5), and large enrichments of trace elements
such as strontium (30), arsenic (21), barium (5), nickel (5),
lithium (5), vanadium (4), copper (3), and chromium (2).
The high arsenic concentration in the TVA coal ash (mean
= 75 mg/kg) is consistent with previously reported As in ash
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