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Brandt et al, ES&T, 2017

Selenium in fish

Sutton Lake, NC     vs.    Lake Waccamaw, NC
(near coal ash pond)         (reference site) 

Arsenic and selenium are coal ash constituents 
that can pose problems near disposal sites

Motivation and Significance



TVA-Kingston coal ash spill disaster: 
River water and sediments

Ruhl et al., ES&T 2010Dissolved B, µg/L

Di
ss

ol
ve

d 
As

,µ
g/

L

sediment porewater

“Cove” water

River water 
column

EPA MCL (10 µg/L)

EPA CCC (150 µg/L)

Arsenic and selenium are coal ash constituents 
that can pose problems near disposal sites

Motivation and Significance

Knoxvillle News Sentinel

TVA Kingston (TN), Dec. 2008
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Taggart et al. 
2016 ES&T

• Widely variable amounts of As and Se in coal fly ash
• Depends partly on the type of feed coal

Total Arsenic and Selenium Contents in Coal Fly Ash
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Coal Fly Ash
• Coal feedstock
• Boiler type
• Air pollution controls
• Operations (startup, 

steady state)

Deterministic
• ICP-MS
• Synchrotron XAS 

(bulk and 
microprobe)

Semi-Quantitative
• X-ray fluorescence
• X-ray photoelectron 

spectr.
• Infrared spectr.
• Speciation of leachable 

As/Se

1) Arsenic and Selenium analysis methods

As, Se content, valence 
states, mass distribution

As, Se 
mobilization 

potential
TCLP, LEAF

2) Correlate material analyses 
with As/Se leaching

3) Perform broad 
survey of fly ashes

Statement of Project Objectives
Overall Project goal: 
To improve methods to evaluate arsenic and selenium risk potential in coal fly ash



Coal Fly Ash
• Coal feedstock
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2) Correlate material 
analyses with As/Se 
leaching

3) Perform broad 
survey of fly ashes

Statement of Project Objectives
Work this past year: 
Factors influences leaching of arsenic and selenium in coal fly ash



Today’s presentation

1. Leaching potential of As and Se
2. Properties of fly ash influence As and Se leaching
3. Chemical speciation of As and Se

Coal Fly Ash
• Coal feedstock
• Boiler type
• Air pollution controls
• Operations (startup, 

steady state)

Deterministic
• ICP-MS
• Synchrotron XAS 

(bulk and 
microprobe)

Semi-Quantitative
• X-ray fluorescence
• X-ray photoelectron 

spectr.
• Infrared spectr.
• Speciation of leachable 

As/Se

1) Arsenic and Selenium analysis methods

As, Se content, valence 
states, mass distribution

As, Se 
mobilization 

potential
TCLP, LEAF

2) Correlate material 
analyses with As/Se 
leaching

3) Perform broad 
survey of fly ashes



2 g ash 
per 20 mL

Leachate composition:
• Deionized water (LEAF)
• 0.2 mM acetate/acetic acid (TCLP)

Mix for 18 hr
Aqueous 
concentrations 
and speciation 
of As and Se

Compare with 
properties of 
fly ash

• Chemical composition
• Coal feedstock
• Combustion conditions

1. Leaching potential of Arsenic and Selenium
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1. Leaching potential of Arsenic and Selenium

TCLP elutriate thresholds for 
Class C ‘hazardous’ wastes:

[Se] > 1 mg/L[As] > 5 mg/L

Arsenic Selenium
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1. Leaching potential of Arsenic and Selenium

% of leachable As is low % of leachable Se: 
wide range of values

Total As and Se contents in fly ash are 
poor predictors of leachable As and Se



2. Properties of Fly Ash

Leachable Arsenic correlates with iron content in fly ash



2. Properties of Fly Ash

Leachable Selenium correlates with Calcium content in fly ash



Relevance and Implications

On-site, rapid assessments of As 
and Se leaching potential

Charlotte Business Journal
BizJournal.com, 2017Example: 

Closure and recycling at ash ponds 
that hold a variety of coal ash

• Total Fe, Ca contents (in situ X-ray fluorescence analysis)
• Feed coal history



2. Properties of Fly Ash

Coal boiler operating mode:  Baseline vs. Start-up
seleniumarsenic

0

25

50

75

100

0 25 50 75 100

As
, m

g/
kg

 
(S

ta
rt

-u
p 

M
od

e 
Fl

y 
as

h 
)

As, mg/kg
(Baseline Operations Fly Ash)

Total As

Leachable As

0

5

10

15

20

0 5 10 15 20

Se
, m

g/
kg

 
(S

ta
rt

-u
p 

M
od

e 
Fl

y 
as

h 
)

Se, mg/kg
(Baseline Operations Fly Ash)

Total Se

Leachable Se

Boiler unit in start-up mode: • Greater total As and Se in fly ash
• Moderate increase or no change in leachable 

As/Se



Relevance and Implications

Coal power generators are supplying peak load 
rather than base load electricity demand

Union of Concerned Scientists, 2020
ucsusa.org

Ramping of boiler 
operations

Cooler boiler 
temperatures

Increased arsenic and 
selenium in fly ash

Leachate 
quality?



3. Chemical speciation of Arsenic in coal fly ash

• Arsenic is primarily in the 
As(V) form

• Subtle differences between 
Baseline and Start-up 
operating modes 

Arsenic: comparison of boiler operations 
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Boiler unit 2
(baseline mode)

Boiler unit 4
(baseline mode)

3. Chemical speciation of Arsenic in coal fly ash

EXAFS spectra for arsenic

Boiler unit 2
(start-up mode)



3. Chemical speciation of Selenium in coal fly ash

• Selenium is primarily in the 
Se(IV) selenite form

• Subtle differences between 
Baseline and Start-up 
operating modes 

Selenium
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Summary
• Total As and Se contents in fly ash vary widely 

across coal types

• Leachate concentrations of As and Se correlate with 
total Fe and Ca contents, not total As and Se

• Chemical speciation of As and Se in fly ash has a key 
role in controlling mobilization potential

and research performed at the Stanford 
Synchrotron Radiation Lightsource Beamline 4-1

This material is based upon work 
supported by the Department of Energy 
Award Number Award #DE-FE0031748, 

Disclaimer: "This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, 
or represents that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States Government or any agency thereof."
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