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BackgroundBackground
Typical mercury concentration in coal is 0.05 Typical mercury concentration in coal is 0.05 
to 0.20 µg/gto 0.20 µg/g
Volatilized during combustionVolatilized during combustion
Coal mercury fate after combustionCoal mercury fate after combustion
–– Bottom ashBottom ash
–– Fly ashFly ash
–– FGD solidsFGD solids
–– Stack gasStack gas

Previous study by CONSOLPrevious study by CONSOL
What is the fate of mercury collected on fly What is the fate of mercury collected on fly 
ash and FGD solids?ash and FGD solids?



Program ObjectivesProgram Objectives

Address concern for mercury evolution from Address concern for mercury evolution from 
coal combustion bycoal combustion by--products into ecosystemsproducts into ecosystems
Screening program: Gather data on materials Screening program: Gather data on materials 
from power plants with variousfrom power plants with various
–– Coal sourcesCoal sources
–– Air pollution control systems, including some with Air pollution control systems, including some with 

scrubbersscrubbers
–– ByBy--product end usesproduct end uses



Experimental DesignExperimental Design

Sample typesSample types
–– Coal, bottom ash, fly ash, FGD sludge and spray Coal, bottom ash, fly ash, FGD sludge and spray 

dryer solidsdryer solids

Leaching tests using standard methodologyLeaching tests using standard methodology
Volatility tests of our own designVolatility tests of our own design
Groundwater samplingGroundwater sampling
–– Active FGD disposal siteActive FGD disposal site
–– Active fly ash slurry impoundmentActive fly ash slurry impoundment



Sample MatrixSample Matrix
Plant 
Code Coal Source Particulate

Control FGD Type Coal Bottom 
Ash

Fly Ash 
(from ESP 
or Fabric 

Filter)

FGD 
Sludge or 

Spray 
Dryer Ash

Fixated 
FGD 

Sludge

Synthetic 
Aggregate 

Product

Forced 
Oxidation 
Gypsum

1 Pittsburgh Seam ESP Mg/Lime X X X X

2 Pittsburgh Seam ESP Forced 
Oxidation X X X X

3 Ohio 5, 6, or 11 ESP Mg/Lime X X X X

4 Illinois 6 ESP Natural 
Oxidation X X X X

5 Eastern Low Sulfur 
Bituminous Baghouse Lime Spray 

Dryer X X X

6 Illinois/W KY Blend ESP X X
7 Powder River Basin Baghouse X X
8 Powder River Basin Baghouse
9 Powder River Basin ESP X X X

9a Powder River Basin ESP (w/carbon 
injection) X

11 Appalachian 
Bituminous Baghouse Circulating 

Dry Scrubber X

12 Pittsburgh Seam ESP Mg/Lime X X X X
13 Pittsburgh Seam ESP Mg/Lime X X X X X

14 Eastern Low Sulfur 
Bituminous Baghouse Lime Spray 

Dryer X X X

15 Pittsburgh Seam ESP Inhibited 
Oxidation X X

16 Pittsburgh Seam ESP X X



Leaching TestsLeaching Tests

EPA Method 1311 & ASTM Method EPA Method 1311 & ASTM Method 
D3987D3987
Leaching is conducted at three pH Leaching is conducted at three pH 
values.values.
–– Acetic acid buffered to a pH of 2.8Acetic acid buffered to a pH of 2.8
–– Acetic acid buffered to a pH of 4.9Acetic acid buffered to a pH of 4.9
–– Deionized waterDeionized water



Leaching Flow 
    Chart 

100 gram sample 

Agitated w/ 2L 
Extraction Fluid 
for 18 + 2 hours. 

Liquid Solids & 
Filter

Record pH

Preserve to pH 
<2 & refrigerate 

Analyze by acid 
digestion followed by 
CVAA within 28 days. 

air dry

 

Analyze by ASTM 
Method D 6722, 

“Total Mercury in 
Coal and Coal 

Combustion Residues 
by Direct Combustion 

Analysis.” 

Filtration 



Leaching Results Leaching Results –– Fly AshFly Ash

pH 2.8 pH 4.9 DI H20
1 Pittsburgh Seam 0.34 <1.0 <1.0 <1.0
3 Ohio 5, 6, or 11 0.08 <1.0 <1.0 <1.0
4 Illinois 6 0.07 <1.0 <1.0 <1.0
4 Illinois 6 0.08 <1.0 <1.0 <1.0
4 Illinois 6 0.06 <1.0 <1.0 <1.0
6 Illinois/W KY Blend 0.25 <1.0 <1.0 <1.0
6 Illinois/W KY Blend 0.14 <1.0 <1.0 <1.0
6 Illinois/W KY Blend 0.58 <1.0 <1.0 <1.0
7 Powder River Basin 1.49 <1.0 <1.0 <1.0
9 Powder River Basin 0.14 <1.0 <1.0 <1.0
9 Powder River Basin 0.12 <1.0 <1.0 <1.0
9 Powder River Basin 0.08 <1.0 <1.0 <1.0
9a Powder River Basin 0.73 <1.0 <1.0 <1.0
9a Powder River Basin 1.2 <1.0 <1.0 <1.0
13 Pittsburgh Seam 0.08 <1.0 <1.0 <1.0
16 Pittsburgh Seam 0.47 <1.0 <1.0 <1.0
16 Pittsburgh Seam 0.25 <1.0 <1.0 <1.0

Plant
ID #

Coal Source
Mercury in 

Solids, mg/kg 
as det.

Mercury in Leachate, ng/mL



Leaching Results Leaching Results –– FGD SludgeFGD Sludge

Not FixatedNot Fixated

pH 2.8 pH 4.9 DI H20
1 Pittsburgh Seam Mg/Lime 0.40 10.9 5.2 <1.0
4 Illinois 6 Limestone, Natural Oxidation 0.25 <1.0 2.0 <1.0
4 Illinois 6 Limestone, Natural Oxidation 0.21 1.4 <1.0 <1.0
4 Illinois 6 Limestone, Natural Oxidation 0.21 <1.0 1.0 <1.0

15 Pittsburgh Seam Limestone, Inhibited Oxidation 0.65 1.3 <1.0 <1.0

Coal Source
Mercury in 

Solids, mg/kg 
as det.

Scrubber TypePlant
ID #

Mercury in Leachate, ng/mL

FixatedFixated

pH 2.8 pH 4.9 DI H20
1 Pittsburgh Seam Mg/Lime 0.34 2.6 <1.0 <1.0
1 Pittsburgh Seam Mg/Lime 0.39 <1.0 <1.0 <1.0
1 Pittsburgh Seam Mg/Lime 0.36 <1.0 <1.0 <1.0
1 Pittsburgh Seam Mg/Lime 0.30 1.6 <1.0 <1.0
3 Ohio 5, 6, or 11 Mg/Lime 0.47 6.6 2.5 <1.0
3 Ohio 5, 6, or 11 Mg/Lime 0.52 6.6 1.7 <1.0
3 Ohio 5, 6, or 11 Mg/Lime 0.48 5.7 1.5 <1.0
3 Ohio 5, 6, or 11 Mg/Lime 0.90 6.1 <1.0 <1.0
4 Illinois 6 Limestone, Natural Oxidation 0.26 <1.0 <1.0 <1.0

Plant
ID #

Mercury in Leachate, ng/mLMercury in 
Solids, mg/kg 

as det.
Coal Source Scrubber Type



Leaching Results Leaching Results –– FGD SludgeFGD Sludge
Effect of FixationEffect of Fixation

% of Original Mercury 
Leached with pH 2.8 

Solution

% of Original Mercury 
Leached with pH 4.9 

Solution

Unfixated Fixated Unfixated Fixated

1 54% 0-15% 26% 0%

4 0-13% 0% 0-16% 0%

Plant



Leaching ResultsLeaching Results

Dry Scrubber AshDry Scrubber Ash

pH 2.8 pH 4.9 DI H20
11 Appalachian Bituminous 0.33 <1.0 <1.0 <1.0

11 Appalachian Bituminous 0.33 <1.0 <1.0 <1.0

14 Eastern Low-Sulfur Bituminous 0.52 <1.0 <1.0 <1.0

Mercury in 
Solids, mg/kg 

as det.

Mercury in Leachate, ng/mLPlant
ID # Coal Source

ByBy--product Reproduct Re--use Samplesuse Samples

pH 2.8 pH 4.9 DI H20
13 Pittsburgh Seam Forced Oxidation Gypsum 0.02 <1.0 <1.0 <1.0

14 Eastern Low-
Sulfur Bituminous Synthetic Aggregate 0.39 <1.0 3.9 <1.0

15 Pittsburgh Seam Synthetic Aggregate 0.39 <1.0 <1.0 <1.0

Plant
ID # Coal Source Sample Type

Mercury in 
Solids, mg/kg 

as det.

Mercury in Leachate, ng/mL



Leaching ResultsLeaching Results

Bottom AshBottom Ash

pH 2.8 pH 4.9 DI H20
3 Ohio 5, 6, or 11 0.04 <1.0 <1.0 <1.0

13 Pittsburgh Seam 0.01 <1.0 <1.0 <1.0

Plant
ID # Coal Source

Mercury in 
Solids, mg/kg 

as det.

Mercury in Leachate, ng/mL

Coal SamplesCoal Samples

pH 2.8 pH 4.9 DI H20
3 Ohio 5, 6, or 11 0.28 <1.0 <1.0 <1.0
3 Ohio 5, 6, or 11 0.23 <1.0 <1.0 <1.0

13 Pittsburgh Seam 0.16 <1.0 <1.0 <1.0

Coal Source
Mercury in 

Solids, mg/kg 
as det.

Mercury in Leachate, ng/mLPlant
ID #



Volatilization TestsVolatilization Tests
Samples of ash, FGD solids, spray Samples of ash, FGD solids, spray 
dryer solids, aggregate, cement, and dryer solids, aggregate, cement, and 
wallboard were tested.wallboard were tested.
Two temperatures: 100 °F and 140 °FTwo temperatures: 100 °F and 140 °F
Continuous HgContinuous Hg--free Nfree N22 purgepurge
Samples held for six months, analyzed Samples held for six months, analyzed 
by ASTM method D 6722by ASTM method D 6722
Experimental problems; samples Experimental problems; samples 
absorbed mercury; results not absorbed mercury; results not 
meaningfulmeaningful



Groundwater StudyGroundwater Study

To determine the potential for mercury To determine the potential for mercury 
release from an active FGD sludge release from an active FGD sludge 
disposal site and an active fly ash slurry disposal site and an active fly ash slurry 
impoundment.impoundment.
Sampling sitesSampling sites
Samples collected quarterlySamples collected quarterly
Sample analysisSample analysis



FGD Active Disposal AreaFGD Active Disposal Area
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FGD Active Disposal AreaFGD Active Disposal Area
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FGD Active Disposal AreaFGD Active Disposal Area
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Active Fly Ash Slurry ImpoundmentActive Fly Ash Slurry Impoundment
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Active Fly Ash Slurry ImpoundmentActive Fly Ash Slurry Impoundment
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Active Fly Ash Slurry ImpoundmentActive Fly Ash Slurry Impoundment
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FGD Active Disposal AreaFGD Active Disposal Area
Ground Water Sampling ResultsGround Water Sampling Results

No detectable mercury (<1.0 No detectable mercury (<1.0 ng/mLng/mL) was found ) was found 
in any monitoring well samplein any monitoring well sample

Fly Ash Active Slurry ImpoundmentFly Ash Active Slurry Impoundment
Ground Water Sampling ResultsGround Water Sampling Results

No detectable mercury (<1.0 No detectable mercury (<1.0 ng/mLng/mL) was found ) was found 
in any monitoring well samplein any monitoring well sample



ConclusionsConclusions
Leaching TestsLeaching Tests
–– Mercury did not leach from fly ash, SDA ash, FOG, Mercury did not leach from fly ash, SDA ash, FOG, 

coal, or bottom ashcoal, or bottom ash
–– Mercury was detected at very low concentrations in Mercury was detected at very low concentrations in 

acidic acidic leachatesleachates from all of the fixated and most of the from all of the fixated and most of the 
unfixatedunfixated FGD sludge samplesFGD sludge samples

–– Mercury was not detected from any sample when Mercury was not detected from any sample when 
leached with DI waterleached with DI water

Volatilization TestsVolatilization Tests
–– Could not detect mercury loss from most samplesCould not detect mercury loss from most samples
–– Sampling & storage difficulties Sampling & storage difficulties 

Ground Water MonitoringGround Water Monitoring
–– Mercury was not detected in any water samples Mercury was not detected in any water samples 

collected at an active FGD disposal site and an active collected at an active FGD disposal site and an active 
fly ash slurry impoundmentfly ash slurry impoundment
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