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Abstract
Coal-generated fly ash (FA) is being used for various applications, although there is evidence that indicates leaching or
vegetative uptake of trace metals can potentially reach hazardous concentrations. In this study, FA was obtained from a coalburning power plant in Pennsylvania and was tested for its leaching potential of selected trace metals (Al, As, Ba, Ca, Cr, Co,
Cu, Fe, Pb, Mg, Mn, Ni, Se, Sr, V, and Zn). SEM observations show the FA has an abundance of large, porous, irregularshaped grains that would absorb water, which would adversely affect the quality of a cement application. A comparison with
another FA with typical glass spheres demonstrates the differences in FA structure and physical characteristics. An analysis of
FA total metal content indicated a number of trace metals are over the cleanup standard limits for residential land over an
aquifer. The FA leaching potential was determined by the Toxicity Characteristic Leaching Procedure (TCLP) and the
Synthetic Precipitate Leaching Procedure (SPLP) tests. The results show that Se was over the TCLP limit, while As and V were
over the U.S. drinking water Maximum Contaminate Level (MLC) for the SPLP test. However, these leachate tests have been
criticized for not appropriately simulating the complex deposition and use conditions. Further research is required to develop
applicable leaching test protocols for the various applications of FA.
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Introduction
The proper management of fly ash (FA) generated from coalburning electrical power plants remains a controversial issue
and has received increasing attention since the coal ash spill in
2008 at the Kingston Fossil Plant, a Tennessee Valley Authority
electrical generating plant1. Although the coal burning industry
claims FA does not pose a threat to the health of humans and the
environment2, numerous studies present sufficient evidence to
justify FA concerns3, 4.
In the U.S. alone, about 64 metric tons (71M short tons) of FA
are produced annually from 460 coal burning power plants5 and
about 65% of FA is retained in on-site ash ponds or disposed of
in landfills. The remaining 35% of FA is currently used in
various applications, including landfill cover and backfilling
mines6, construction fill7, soil stabilization8, and agricultural
supplements9, 10. As the volume of FA continues to accumulate
and new options for reuse are developed, regulators need to
decide whether this material is safe for reuse or needs to be
taken to regulated waste management facilities.
In response to the FA controversy, the U.S. Environmental
Protection Agency (EPA) has proposed to regulate FA by
offering two possible options: i. treat FA as a “special waste”
under subtitle C of RCRA when it is destined for disposal in
landfills and surface impoundments, or ii. treat FA as
nonhazardous waste under subtitle D of RCRA and set
performance standards for waste management facilities that

International Science Congress Association

would be enforced by the states. The “special waste”
classification is a category for wastes that require further study
and assessment to determine the risk to human health and the
environment. These “special wastes”, typically generated in
large volumes, are believed to present less risk than regulated
hazardous waste11. But final determination requires further
research.
The composition of FA has been well characterized and generally
consists of trace metals, dioxins, and PAHs, which can cause
cancer and neurological problems12. Trace metals in FA typically
include As, Be, B, Ca, Cr, Co, Pb, Mn, Hg, Mo, Se, Sr, Tl, V and
Zn. These trace metals, can enter the environment by surface
runoff, rainwater leaching13 or uptake by vegetation10, 14. The
primary objective of this study was to provide knowledge on
potential leaching and resulting bioavailability of selected trace
metals which is critical to understanding potential risks of FA
reuse or unmanaged disposal. Results will provide insight to a
revised risk assessment approach15 in the determination of proper
FA management.

Material and Methods
All chemicals used were of high-purity and trace metal grade.
Ultrapure water provided by a Millipore Direct Q5 (EMD
Millipore Corp) was used for all analytical work. All glassware
was made of borosilicate glass. Both glassware and
polypropylene plastic vessels were acid washed prior to use in
accordance with U.S. EPA washing SOP16.
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Fly Ash (FA) Characterization: FA from an anthracite coalburning electrical power plant in Pennsylvania and collected by
electrostatic precipitators was used in this study. The pH was
verified using EPA Method 9045D17 for soil and waste. A visual
perspective was provided by a JSM – 6010LA InTouchScope
SEM (JOEL Ltd).
Trace metal concentrations for Al, As, Ba, Ca, Cr, Co, Cu, Fe,
Pb, Mg, Mn, NI, Se, Sr, V, and Zn in the FA were determined
using a HNO3 acid digestion SOP method for trace elements in
soil18. Modifications included using aluminum heater blocks
(custom made) placed on hot plates set at 120-130oC. After the
digestion process, all samples were filtered (0.20 µm) for
ICP/MS analysis.
Trace Metal Leaching Analysis: Modified TCLP (Toxicity
Characteristic Leaching Procedure) EPA Method 1311(1992)19
and SPLP (Synthetic Precipitation Leaching Procedure) EPA
Method 131220 were conducted to determine the leaching
potential of the FA when disposed in landfills or in situ,
respectively. The methods were modified by adding 25 g of FA
dried for 48 hours at 60oC to 250 ml of extraction fluid (1:20
ratio) in narrow-mouth 500ml bottles with Teflon-lined screw
caps. Extraction fluid no. 1 was required for the TCLP test. The
extraction fluid for the SPLP test consisted of a 3:2 ratio of
H2SO4 and HNO3 diluted with de-ionized water to a pH of 4.2
(east of the Mississippi River). The pH was measured using a
Fisher Scientific Accumet Excel XL 60 multi-meter. Both the
TCLP and SPLP sample bottles and blanks filled with only the
extraction fluids were placed in a Rugged Rotator (Glas-Co,
LLC). All samples and blanks were filtered (0.20 µm) before
ICP/MS analysis.
ICP/MS Analysis: All filtered samples were diluted 1:25 to
obtain a TDS below 2000 µg per L and a pH less than 5%
before analysis on an ICP/MS 7700 series (Agilent
Technologies, Inc). Internal standards Sc, Y, and Tb were
introduced at 100ppb during the sample injection process and
were monitored for matrix interferences.

Results and Discussion
Fly Ash (FA) Characterization: Major constituents of the FA
consisted of approximately 50% silicon oxide, 25% aluminum
oxide, 10% iron oxide, and 8% carbon (LOI) as determined by a
previous analysis21. The pH of the FA was also reported to be
6.9. In our study, pH was measured at 6.72 ± 0.31 (α=0.05).
Because the pH was not above 7, the US EPA would not allow
the power plant to dispose of their FA by backfilling mines.
Figure-1 is a SEM photomicrograph of the FA used in this study
(a) and is compared to a typical FA used in a U.S. Department
of Transportation study (b) for its pozzolanic properties for
highway construction.
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Figure-1a
SEM photomicrograph of this study’s fly ash (950x)

Figure-1b
SEM photomicrograph of U.S. DOT fly ash (2,000x)
It appears that the FA used in this study has a large grain size
when compared to the DOT FA (consider the magnification
differences between the two photomicrographs). The high LOI
(carbon content) and large grain size for this FA do not meet
U.S. ATSM C618 standards for cement replacement in concrete
construction. Additionally, it appears that approximately 50% of
the FA particles in this study are irregularly shaped. Typically,
FA particles cool rapidly while suspended in exhaust gases and
solidify without time to crystallize. The solidified particles end
up becoming spherical beads made up of quenched glass. The
FA in this study has a large fraction that didn’t melt entirely and
remained in crystalline form. These particles are described in
another study as being spongy carbonaceous or mineral
formless particles22. A high percentage of these particles would
also prevent this FA from being a cement replacement.
Adsorbed water would likely be retained longer causing
prolonged curing, which would affect the concrete’s quality.
But this same characteristic might be beneficial for a soil
additive application. This is a good example of the complexity
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and differences of FA and how their understanding is important
for targeted uses.
Trace Metal Leaching from Disposed Fly Ash (FA): The
Toxicity Characteristic Leaching Procedure (TCLP) is used to
determine if a material is suitable for municipal landfill
disposal or should be considered a hazardous waste (HW). The
procedure is designed to simulate the leaching potential of the
material when it is deposited in an unlined landfill containing
municipal solid waste. The extraction solution is acetic acid,
which is thought to be created when rainwater infiltrates the
landfill. The regulatory limits for leached toxic chemicals are
based on preventing groundwater contamination that would
pose a risk to human and environmental health.
For comparison purposes, the Synthetic Precipitation Leaching
Procedure (SPLP) was performed and analyzed for the same
selected metals. The SPLP can be used to simulate the
leaching potential of FA spread on the ground surface as fill,
to stabilize soil, or as a supplement in agriculture. The
extraction solution contains dilute nitric and sulfuric acid to
simulate acid rain. The regulatory limits are based on the
drinking water standard Maximum Contamination Limits
(MCLs) applied to surface and groundwater. The results for
the TCLP, SPLP, and total selected metal concentrations for
this study and a previous analysis21 on the FA from the same
power plant in 1999 are shown in table-1.

Total trace metal contamination limits for soil are set by each
state as cleanup standards. Since the FA in this study
originated from the state of Pennsylvania, their MediumSpecific Concentrations (MSCs) would apply23. Of the
selected metals in this study, only As (12 ppm) would be over
the cleanup standard for land designated for nonresidential
use. However, for land designated for residential use over a
used aquifer, As (1 ppm), Cr (10 ppm), Co (1 ppm), Cu (100
ppm), Pb (0.5 ppm), Mn (30 ppm), Ni (20 ppm), Se (5 ppm)
and V (26 ppm) would be over the cleanup standards.
Additionally, the FA total metal concentrations for this and the
previous analysis21 are relatively similar even though the
source of coal (and composition) is most likely different given
the duration between tests. When compared to a particular top
soil (The Scotts Company, LLC), the FA contained greater
concentrations of As, Se, and V24. Therefore, the focus of this
study was primarily on these trace metals.
The SPLP and TCLP tests indicated that a small fraction of the
total concentration of FA would leach under the simulated
conditions of each test. Interestingly, the greater leaching
concentrations for the selected metals generally occurred with
the TCLP test. In particular, about 15% of Se leached from the
total FA in the TCLP test. However, both As and V had higher
leaching concentrations under the conditions of the SPLP test
(almost 2% and 0.5%, respectively). The U.S. EPA established

Table-1
Selected trace metal TCLP, SPLP and total metal concentrations for FA and total metal concentrations for the top soil. For comparison,
previous metal analyses33 on FA (shaded) were conducted in 1999 (Kirby Memorial Health Center, Wilkes-Barre, PA). Non-Detect (ND)
for the previous analysis was below 0.05 mg/L. ND for the current analysis approximated 0.00001 mg/L. A dash indicates the metal was
not tested. (α = 0.05, n =2)

Al
As
Ba
Ca
Cr
Co
Cu
Fe
Pb
Mg
Mn
Ni
Se
Sr
V
Zn

Previous Analysis total
metals (mg/kg)

Current Analysis total
metals (mg/kg)

13630.0
51.5
143.0
< 1.0
40.0
5.0
33.0
10675.0
21.0
850.0
81.0
17.0
4.40
68.0
47.00
29.0

14451.8 ± 479.2
32.5 ± 1.4
128.8 ± 9.7
0.31 ± 0.15
37.2 ± 2.0
6.43 ± 0.21
38.3 ± 1.6
8847.3 ± 530.4
31.78 ± 0.75
663.2 ± 15.0
91.0 ± 11.4
21.2 ± 1.5
9.9 ± 1.3
35.41 ± 0.84
69.8 ± 8.2
23.8 ± 5.6
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Previous Analysis
leaching (mg/L)
SPLP
TCLP
ND
3.10
0.33
0.42
ND
1.70
ND
ND
ND
ND
ND
ND
ND
0.06
ND
ND
0.23
0.95
0.21
ND
ND
ND
ND
0.14
0.10
ND
0.10
ND
ND

Current Analysis Leaching
(mg/L)
SPLP
TCLP
0.501
165.2 ± 28.8
0.705
0.56 ± 0.01
0.85
46.47 ± 0.55
ND
0.102 ± 0.006
0.083
1.35 ± 0.18
< 0.001
0.34 ± 0.04
0.014
0.66 ± 0.09
ND
6.26 ± 1.49
0.09
0.48 ± 0.35
10.108
57.83 ± 2.32
< 0.001
11.44 ± 0.73
0.003
0.92 ± 0.03
ND
1.51 ± 0.12
0.745
5.80 ± 0.37
1.598
0.32 ± 0.005
ND
2.32 ± 0.09
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Drinking Water Standards (DWS) are commonly used for the
SPLP test. The DWS Maximum Contaminant Level (MCL) for
As is 0.01mg/L and for Se is 0.05 mg/L25. The U.S. EPA has
yet to assign a MCL for V, but the California Office of
Environmental Health Hazard Assessment recommends 0.015
mg/L26. The SPLP results show that As is well above the MCL
limit and V is well above the California limit.
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