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Why are CCP’s in the News?

• TVA Kingston
• USEPA’s proposed rule-makingUSEPAs proposed rule making
• Environmental group publications
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What’s in the News?
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Overview

• Risk Assessment
– Toxicity 
– Exposure

• Lisa JN Bradley, PhD, 
DABT

• PhD in Toxicology fromExposure
– Risk

• What are CCPs?

PhD in Toxicology from
the Massachusetts 
Institute of Technology 
(MIT)

• Arsenic
– In CCPs and other media
– In groundwater

• Diplomate of the 
American Board of 
Toxicologyg

• USEPA’s CCP Risk Assessment

• Putting Risks into Perspective

• 20 years of experience 
as toxicologist and risk 
assessor

• Is Coal Ash Toxic?
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Risk Assessment

Risk = 
EExposure x 

Toxicity
Hazard Identification

Exposure Assessment Toxicity AssessmentExposure Assessment Toxicity Assessment

Risk Characterization
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Toxicology

• The study of poisons

“All substances are poisons; there is none
which is not a poison. The right dose 
differentiates a poison from a remedy.”

Paracelsus, 1500s

• Dose-Response
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Toxicity Assessment

• Regulatory Risk Assessment – two types of toxicity
– Potential carcinogens
– Noncarcinogens – effects other than cancer

• Important to distinguish between an effect and an adverse effect

• Extrapolate from high doses in laboratory experiments toExtrapolate from high doses in laboratory experiments to
environmentally relevant low doses to humans

Toxicity Value 
x  Uncertainty Factor x  Uncertainty Factor

y
for HumansRat
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Exposure
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Exposure Pathways

Conceptual Site Model

• Source

• Transport 
mechanismsec a s s

• Receptors 

• Routes of exposure
– Ingestion
– Inhalation

• Pathways
– Direct 
– Indirect 
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Exposure Assessment

If there is no 
exposure,exposure,

there is no risk
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Risk Characterization

Risk = Exposure x Toxicity

• Noncarcinogens – above or below a “safe” level
• Above or below a ratio of 1

• Carcinogens Regulatory Risk Range:
Hazard

Identification• Carcinogens – Regulatory Risk Range:
• 1 in 1,000,000  to  1 in 10,000

• Background Cancer Risk:

Identification

Exposure
Assessment

Toxicity 
Assessment

• 1 in 2  to  1 in 3

• Compare:
• 0.5 – background

Risk
Characterization

g
• 0.5001 – an additional 1 in ten thousand risk
• 0.500001 – an additional 1 in one million risk
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What are CCPs?

Fly Ash Boiler Slagy

Bottom Ash FGD G ps mBottom Ash
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FGD Gypsum



Coal Ash is Similar to Other Natural Materials

As = Arsenic
Ba = Barium
Cd = Cadmium
Cr = Chromium
Pb L dPb = Lead
Hg = Mercury
Se = Selenium
Ag = Silver
Sb = Antimonyy
Be = Beryllium
B = Boron
Co = Cobalt
Cu = Copper
Mn = ManganeseMn = Manganese
Mo = Molybdenum
Ni = Nickel
Tl = Thallium
V = Vanadium
Zn = Zinc
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Source
EPRI, 2010. Comparison of Coal Combustion Products to Other Common Materials – Chemical Characteristics. Report No. 1020556. 
Available for download at www.epri.com.



Arsenic is Present in our Natural Environment
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Sources
• USEPA, 2010. Regional Screening Level Table. May 2010. http://www.epa.gov/region09/superfund/prg/index.html
• Soil. USGS, 2010. The National Geochemcial Survey – Database and Documentation. http://tin.er.usgs.gov/geochem/doc/home.htm



All Metals are Naturally Present in Our Environment

ALUMINUM COPPER IRON LEAD

MANGANESE MERCURY SELENIUM ZINC
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Source
Soil. USGS, 2010. The National Geochemcial Survey – Database and Documentation. http://tin.er.usgs.gov/geochem/doc/home.htm



Coal Ash Levels Similar or Less than Risk-Based Screening Levels

Trace Element Concentration Ranges in Fl AshTrace Element Concentration Ranges in Fly Ash
Compared to EPA Residential Soil Screening Levels

As = Arsenic
Ba = Barium
Cd = Cadmium
Cr = Chromium
Pb L dPb = Lead
Hg = Mercury
Se = Selenium
Ag = Silver
Sb = Antimonyy
Be = Beryllium
B = Boron
Co = Cobalt
Cu = Copper
Mn = ManganeseMn = Manganese
Mo = Molybdenum
Ni = Nickel
Tl = Thallium
V = Vanadium
Zn = Zinc
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Source
EPRI, 2010. Comparison of Coal Combustion Products to Other Common Materials – Chemical Characteristics. Report No. 1020556. 
Available for download at www.epri.com.



Arsenic in the Foods We Eat
ARSENIC IS NATURALLY PRESENT IN THE FOODWE EATARSENIC�IS�NATURALLY�PRESENT�IN�THE�FOOD�WE�EAT
Food�Item Arsenic�Concentration
Flour 0.011�mg/kg
Grain/Cereal 0.02�mg/kg
Rice 0.006�0.142��mg/kgce 0 006 0 g/ g
Cooked�spinach 0.006�mg/kg
Mushrooms 0.084�mg/kg
Chicken 0.39�mg/kg
Canned�tuna�in�oil 0.609�1.47�mg/kg
Fish�sticks 0.38�2.792�mg/kg
Haddock�(pan�cooked) 0.51�10.43�mg/kg
Shrimp�(boiled) 0.29���2.68�mg/kg
Shrimp�(boiled) 0.03���0.3�mg/kg

Oysters�(South�Carolina) 7.6�8.4�mg/kg
Blue�crab�(Texas) 6.61�mg/kg
Coffee 0.004�mg/L
Sodas 0.003�mg/L
Juices 0.008�mg/L
Grape�juice 0.009�mg/kg
Drinking�water 0.002�mg/L

T t l D il E f F d 0 05 0 058 /d
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Source
ATSDR Toxicological Profile for arsenic.  Available for download at http://www.atsdr.cdc.gov/toxprofiles/index.asp.

Total�Daily�Exposure�from�Food 0.05���0.058�mg/day



Arsenic in Perspective

ARSENIC�COMPARISONS
Material Arsenic
Average�in�the�Earth's�crust 3.4�mg/kg
Background�levels�in�soils�in�the�US
�����Range <0.001���97�mg/kg
�����Average 7.2�mg/kg

Range�in�Fly�ash 22���261�mg/kg
Range�in�Bottom�Ash 2.6���21�mg/kg

l l f d /dTotal�Daily�Exposure�from�Food 0.05���0.058�mg/day

Range�of�incidental�arsenic�ingestion� 0.0044���0.052�mg/day
����������if�child�exposed�to�fly�ash�p y
�����������rather�than�soil�on�a�daily�basis
Range�of�incidental�arsenic�ingestion� 0.00052���0.0042�mg/day
�����������if�child�exposed�to�bottom�ash�

rather than soil on a dail basis
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����������rather�than�soil�on�a�daily�basis



Arsenic is Present in our Natural Environment
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Sources
• Groundwater. USGS, 2001. Trace Elements National Synthesis Project. http://water.usgs.gov/nawqa/trace/pubs/geo_v46n11/fig2.html
• USEPA, 2010. Regional Screening Level Table. May 2010. http://www.epa.gov/region09/superfund/prg/index.html



EPA’s CCP Risk Assessment – Drinking Water Pathway
• The EPA calculated risk that you hear quoted over and over is the 2 in 100 or• The EPA calculated risk that you hear quoted over and over is the 2 in 100 or

1 in 50  risk for arsenic for a specific type of unlined impoundment

• The purpose of EPA’s risk assessment was to “evaluate, at a national level, 
risk to individuals who live near WMUs used for CCW disposal ”

• EPA’s conceptual site model –
leaching to groundwater and 
t t t ll t b d

• Many other real world scenarios 
were not evaluated 

risk to individuals who live near WMUs used for CCW disposal.

transport to a well or waterbody

• EPA’s risk assessment assumed a 
downgradient drinking water user in 
every case
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EPA’s Conceptual Site Model



Did Not Include “No Downgradient Drinking Water Well” 
Scenario



Intervening Surface Water Body not Included



Depth of Drinking Water Well not Addressed



Presence of a Municipal Water Supply not Addressed



EPA’s Conceptual Site Model



EPA’s Risk Results

• Landfills
– Upper bound results
– Conventional unlined CCP landfills – 4 in 10,000 risk
– Unlined landfills co-managing CCPs and coal waste – 5 in 10,000
– Composite-lined landfills – risks below level of regulatory concern

• Surface Impoundments• Surface Impoundments
– Upper bound results
– Conventional unlined impoundment – 2 in 1,000 risk (20 in 10,000)

Unlined impoundment co managing CCPs and coal waste 2 in 100– Unlined impoundment co-managing CCPs and coal waste – 2 in 100
(or 200 in 10,000)

– Composite-lined impoundments – risks below level of regulatory concern
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How many ash management units potentially have a 
downgradient groundwater user?

• EPRI evaluated aerial photos for 508 facilities – noted locations 
of apparent downgradient dwellings in areas not serviced by 
municipal water
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Population Risk in Context

– EPRI found:
• Only 74 of the 508 facilities, or 15% had, apparent 

downgradient dwellings that could be usingdowngradient dwellings that could be using
groundwater as drinking water 

• Less than 3000 “dwellings” were identified
• Based on US Census data this could be a population of less than 7770• Based on US Census data, this could be a population of less than 7770

– EPA’s highest risk estimate is 2 in 100, or 1 in 50
• If all 7770 individuals lived downgradient of a surface impoundment, and 

used groundwater as drinking water then 155 could hypothetically developused groundwater as drinking water then 155 could hypothetically develop
cancer

• Based on the background cancer rate in the US, the cancer incidence in this 
population of 7770 would be 3,237 background cancer cases

– The current US population is 307,006,550
• Thus the cancer risk to “individuals who live near WMUs used for CCW 

disposal”  is really 155 in 307,006,550 or 5 in ten million, not 2 in 100

Page 29



USEPA Risk Assessment - Landfills

• Based on the worst case (unlined) landfill• Based on the worst-case (unlined) landfill
risk estimate of 5 in 10,000, there could 
potentially be 4 cancer cases out of the 
downgradient population of 7 770 and outdowngradient population of 7,770 and out
of the US population of 307,006,550

• EPA Risk Assessment groundwater risk 
results for lined landfills are below EPA 
levels of concern

Page 30



Summary – is Coal Ash Toxic?

• Everything can be toxic

• Risk is a function of toxicity and exposure

• If there is no exposure, there is no risk

• The constituents present in CCPs are p
present in our natural environment

• Taken in context of the US population,  
th hi h t i k i EPA’ i k tthe highest risk in EPA’s risk assessment
is less than 5 in 10,000,000 - not 1 in 50

• EPA’s own risk assessment concludedEPAs own risk assessment concluded
that composite-lined landfills did not pose 
a risk concern
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Thank you

For more information please contact:
Lisa JN Bradley, Ph.D., DABT
978-589-3059
Lisa Bradley@aecom com
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Lisa.Bradley@aecom.com




