
Public health assessment Draft document for TVA Kingston Fossil Plant 

TN Poison Center 

General:  

Page 19: The statement that “public health message to avoid contact was widely publicized.” May want 

to specify what measures were taken e.g. public service announcements on radio, television, or written  

media, information pamphlets, etc. 

Page 23: Under EPA, second paragraph: for antimony, the units should include 6 ug/L 

Page 56: second bulleted paragraph: “Chronic health effects from exposure take a long time to 

develop.” Consider rewording this so as to not imply that many of the effects are delayed. Consider a 

statement like “Chronic health effects from arsenic require exposures more long term than the type of 

exposure experienced in this setting.” 

Page 57: Last sentence, last paragraph. May need to specify the plans that TVA, EPA, and TDEC have to 

assure that the fly ash does not become airborne. 
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Dose The amount of a substance to which a person is exposed over some time 
period. Dose is a measurement of exposure.  Dose is often expressed as 
milligram (amount) per kilogram (a measure of body weight) per day (a 
measure of time) when people eat or drink contaminated water, food, or 
soil.  In general, the greater the dose, the greater the likelihood of an effect.  
An "exposure dose" is how much of a substance is encountered in the 
environment.  An "absorbed dose" is the amount of a substance that 
actually got into the body through the eyes, skin, stomach, intestines, or 
lungs. 

Duplicate A second sample that may be analyzed along with the original sample in 
order to determine the precision of the analytical method. 

EEP Environmental Epidemiology Program, part of the Communicable & 
Environmental Disease Services Section of the Tennessee Department of 
Health 

EIP:   Environmental Integrity Project 

Embayment A bay or bay-like shape in a body of water. 

EMEG Environmental Media Evaluation Guide; a health comparison value derived 
by ATSDR from minimal risk levels (MRLs), specific to soil, water, or air 
for periods of exposure up to 2 weeks (acute EMEG), for periods up to a 
year (intermediate EMEG), or for over a year (chronic EMEG) 

Environmental 
Media 

Soil, sediment, water, air, biota (plants and animals), or any other parts of 
the environment that can contain contaminants. 

EPA United States Environmental Protection Agency 

Exposure Contact with a substance by swallowing, breathing, or touching the skin or 
eyes.  Exposure may be short-term [acute exposure], of intermediate 
duration, or long-term [chronic exposure]. 

FRM:  Federal Reference Method 

Finished water Water that has been through treatment at a water treatment plant and is 
distributed to customers. 

Health 
comparison 
values 

The concentration of a chemical that is not likely to cause harmful effects 
during a lifetime.  An example is an Environmental Media Evaluation 
Guide for soil.  Health comparison values are used as screening levels, not 
for absolute predictions of harm. 

Ingestion The act of swallowing something through eating, drinking, or mouthing 
objects. A hazardous substance can enter the body this way. 

Inhalation The act of breathing. A hazardous substance can enter the body this way. 

Inorganic 
chemicals 

Chemicals that do not contain carbon.  Metals are inorganic chemicals.  
Coal is made of metals and organic compounds. 

Intermediate 
exposure 

Contact with a substance that occurs for more than 14 days and less than a 
year [compare with acute exposure and chronic exposure]. 
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NAAQS National Ambient Air Quality Standards.  Standards for carbon monoxide, 
lead, nitrogen dioxide, PM10, PM2.5, ozone, and sulfur dioxide (criteria 
pollutants) in air set by the U.S. EPA. 

NCEH National Center for Environmental Health, part of the Centers for Disease 
Control and Prevention 

NOAEL The highest tested dose of a substance that has been reported to have no 
harmful (adverse) health effects on people or animals.  No Observed 
Adverse Effect Level 

Organic 
compounds 

Chemical compounds that contain carbon.  Living organisms are made up 
of organic compounds, such as proteins, fats, and carbohydrates.  Coal is 
made of many organic compounds, such as polyaromatic hydrocarbons, as 
well as metals.  Other types of organic compounds the volatile organic 
compounds, VOCs). 

PAH Polyaromatic Hydrocarbon, a type of chemical that is found in tar, coal, 
charred food, and in organic material that has burned 

210Pb:   Lead with an atomic number of 210 and containing 82 protons and 128 
neutrons, also written as lead-210 

214Pb:  Lead with an atomic number of 214 and containing 82 protons and 132 
neutrons, also written as lead-214 

Picocurie One trillionth of a Curie.  This can also be written as 1/1,000,000,000 
Curies or 1x10-12 Curies. 

PM50 Particulate matter with a diameter equal to or less than 50 microns 

PM10 Particulate matter with a diameter equal to or less than 10 microns 

PM4 Particulate matter with a diameter equal to or less than 4 microns 

PM2.5 Particulate matter with a diameter equal to or less than 2.5 microns 

Potable water Water that is safe for drinking and cooking. 

ppb Part per billion, a unit of measure that is used to describe the micrograms of 
a chemical per kilogram of a solid substance, such as soil or ash.  It can also 
be used to describe the micrograms of a chemical per gram of water. 

ppm Part per million, a unit of measure that is used to describe the milligrams of 
a chemical per kilogram of a solid substance, such as soil or ash.  It can also 
be used to describe the milligrams of a chemical per gram of water. 

Quality 
assurance 

The sum total of all laboratory activities that are undertaken to ensure 
generation of accurate and reliable results.  The objective is to ensure 
credibility of the laboratory and generate confidence in laboratory results.  
Laboratories have internal quality control and external quality assessment 
by independent agencies. 
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CONCLUSION 7 The Tennessee Department of Health concludes that using well or 
spring water within four miles of the coal ash release will not 
harm people’s health from exposure to coal ash or metals in the 
coal ash because no evidence has been found of groundwater 
contamination with coal ash.

BASIS FOR 
DECISION 

Between December 30, 2008, and March 12, 2009, the U.S. 
Environmental Protection Agency, the Tennessee Department of 
Environment and Conservation, and the Tennessee Department of 
Health sampled and analyzed water from 102 privately owned wells 
and springs within a four-mile radius of the ash spill.  None of the 
water tested had any contaminants above the national or state primary 
drinking water limits called Maximum Contaminant Levels (MCLs).  
There is no indication from groundwater sampling and analysis that 
coal ash has contaminated the groundwater. 

NEXT STEPS The Tennessee Department of Environment and Conservation should 
continue to take samples of groundwater from private wells and 
springs for analysis on a regular schedule to make sure that the coal 
ash is not affecting groundwater.  If elevated concentrations of any of 
the metals from the coal ash are found in groundwater, the Tennessee 
Department of Environment and Conservation will take immediate 
action to protect the health of the community.  If site conditions at the 
Kingston Fossil Plant coal ash release should change, then the 
groundwater sampling timeframe should be re-evaluated. 
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CONCLUSION 8 The Tennessee Department of Health concludes that no harm to 
people’s health should result from recreational use of the Emory, 
Clinch, and Tennessee Rivers outside the area of the lower Emory 
River down to the confluence of the Emory and Clinch Rivers as 
long as previous fish advisories are followed. 

BASIS FOR 
DECISION 

Sampling and analysis for metals associated with coal ash indicated 
that metals in all other areas of the Emory River and the Clinch River 
have remained below any health comparison values.  Concentrations 
of total suspended solids have remained low in all areas of the Emory 
and Clinch Rivers except at the site of the coal ash release.  The 
Tennessee Department of Environment and Conservation and the 
Tennessee Valley Authority will continue to sample and analyze 
surface water in the Emory, Clinch, and Tennessee Rivers.  If any at 
any time, violations of water quality are detected, the Tennessee 
Department of Environment and Conservation will take immediate 
action to protect the health of people using the rivers for recreation.   

The Tennessee Department of Environment and Conservation and the 
Tennessee Wildlife Resources Agency advise avoiding consumption 
of striped bass and limiting consumption of catfish and sauger.  The 
pollutants of concern are polychlorinated biphenyls (PCBs) and 
mercury from historical activities.  

NEXT STEPS The Tennessee Valley Authority should continue to clean up the site 
of the coal ash release as fast as possible while, at the same, protecting 
both public health and the health of the river and its aquatic life.  The 
Tennessee Department of Environment and Conservation should 
continue to monitor the Emory and Clinch Rivers to make sure it 
remains safe for recreational activities.  The Tennessee Wildlife 
Resources Agency and the Tennessee Department of Environment and 
Conservation are sampling fish to make sure the coal ash does not 
affect them and indirectly harm people who eat the fish. 
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CONCLUSION 9 The Tennessee Department of Health cannot conclude whether 
breathing coal ash from December 22, 2008, through December 
27, 2008, harmed people’s health.   

BASIS FOR 
DECISION 

No agencies took air samples in this period.  However, with the 
wetness of the ash from the ponds and three days of rain, TDH 
believes that it is unlikely that coal ash dried out enough to become 
airborne. 

NEXT STEPS The U.S. Environmental Protection Agency, the Tennessee Valley 
Authority, and the Tennessee Department of Environment and 
Conservation had begun to take air samples by December 27, 2008.  
There can be no recommendation that would provide air data for the 
time-period between December 22 and December 27, 2008.  All 
emergency operations were actively working to protect the public 
from released coal ash, derailed trains, ruptured gas lines, destroyed 
homes, and destroyed roads.  Air monitoring was a priority for all 
agencies.  Air monitoring was started as soon as possible after the 
release. 
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CONCLUSION 
10a 

The Tennessee Department of Health concludes that breathing 
ambient air near the coal ash release is not expected to harm 
people’s health as long as adequate dust suppression measures are 
in place.   

CONCLUSION 
10b 

The Tennessee Department of Health concludes that no harm to 
people’s health is expected from occasionally breathing coal ash if 
it should become airborne for short periods of time. 

CONCLUSION 
10c 

If dust suppression measures should fail and particulate matter is 
present in concentrations greater than National Ambient Air 
Quality Standards due to the coal ash becoming airborne for 
periods longer than one day, the Tennessee Department of Health 
concludes that particulate matter from airborne coal ash could 
harm people’s health, especially for those persons with pre-
existing respiratory or heart conditions. 

BASIS FOR 
DECISION 

Sampling and analysis of particulate matter by all agencies indicated 
that particulate matter, less than or equal to 2.5 microns in diameter 
(PM2.5) and less than or equal to 10 microns in diameter (PM10), in 
ambient air surrounding the coal ash release met all National Ambient 
Air Quality Standards.   

Coal ash is considered a nuisance dust because of the size range of the 
particulate matter.  Metals in the ash are not at high enough 
concentrations to cause harm if they are breathed in.  If the coal ash 
were breathed in for longer periods or more frequently, the particulate 
matter in the airborne coal ash would cause the same harm as 
breathing in other dusts.   

Metals in total particulate matter sampled and analyzed by the 
Tennessee Valley Authority (TVA) were often not detected by the air 
monitors.  Most measurements were below health comparison values.  
Arsenic and chromium detected by TVA in total particulates on-site 
were within the range found in the United States for metals on 
particulate matter.  Sampling and analysis of ambient air off-site was 
done by using temporary monitors that sampled total particulate 
matter, not just respirable or inhalable particulates.  One sample taken 
on January 26, 2009, had cadmium in total particulates above the 
health comparison value.  This sample represents just one sampling 
result within results for five sampling stations each with daily 
sampling from January 1 through March 10, 2009 (345 samples). 

Metals in total suspended particulates measured by the Tennessee 
Department of Environment and Conservation are all below health 
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CONCLUSION 11 The Tennessee Department of Health cannot conclude whether 
breathing dust near the quarry and along the routes of the quarry 
trucks has or will harm people’s health. 

BASIS FOR 
DECISION 

Of the 47,909 real-time measurements of particulate matter less than 
or equal to 10 microns in diameter (PM10) in the community near the 
ash release, 0.1% were above 150 μg/m³, the 24-hour average 
National Ambient Air Quality Standard for PM10.  Many of these 
samples were taken near the quarry and along the quarry truck routes.  
Because the samples were collected during a short time period, three 
to five minutes, we cannot make any predictions about the 24-hour 
average concentrations.  We can say that the quarry dust does not 
typically contain heavy metals like the coal ash.  Quarry dust contains 
chemicals present in limestone, such as calcium, magnesium, and 
carbonates. 

NEXT STEPS If the rock dust from the quarry was a health problem, it was because 
it is particulate in nature.  The Tennessee Department of Environment 
and Conservation is working with the quarry and with the Tennessee 
Valley Authority to lessen the dust at the quarry and along the truck 
routes.   
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CONCLUSION 14 Based on the Community Health Survey, the Tennessee 
Department of Health concludes that many residents living in the 
area of the coal ash release experienced stress and anxiety.  Some 
residents reported respiratory symptoms after the ash release. 

BASIS FOR 
DECISION 

Analysis of questions from the Community Health Survey indicated 
that 52 percent of the persons who answered questions for the survey 
experienced stress and anxiety.  Symptoms of stress and anxiety are 
natural and to be expected since the coal ash release destroyed homes, 
disrupted lives, and drastically changed the landscape.  Since the coal 
release occurred just before Christmas, even more stress was added to 
the lives of the people living near the coal ash release.  Forty percent of 
the persons who answered questions for the survey reported a change 
in health status since the spill, primarily either worsening of cough or 
headaches, wheezing, or shortness of breath. 

NEXT STEPS The Department of Mental Health and the Tennessee Valley Authority 
worked with Ridgeview Community Mental Health Center in Oak 
Ridge and Harriman to provide services to people affected by the coal 
ash release.  In addition, the Tennessee Department of Health has 
continually encouraged people to see their primary care provider for 
any mental health concerns.  The Tennessee Department of Health has 
offered education to area health care providers. 
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CONCLUSION 15 Community complaints specific to dust received at the Tennessee 
Valley Authority’s Community Involvement Center were located 
near the quarry and along the routes that quarry trucks traveled.  
Complaints about respiratory symptoms were widespread and 
were not oriented toward either the site of the coal ash release or 
the quarry. 

BASIS FOR 
DECISION 

The Tennessee Department of Health analyzed written complaints to 
the Tennessee Valley Authority’s Community Involvement Center 
related to health concerns.  The Tennessee Department of Health 
performed geographical analysis that indicated that dust concerns are 
strongly oriented to the location of the quarry and to routes traveled by 
the quarry trucks.  Geographical analysis indicated that respiratory 
concerns were not geographically related to either the quarry or the 
coal ash release site. 

NEXT STEPS The Tennessee Department of Environment and Conservation is 
continuing to work with the quarry to control dust.  TVA has 
implemented many dust control measures at the site of the coal ash 
release and for trucks leaving the site.  Dust controls will continue to 
be required of trucks driving on county roads. 
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CONCLUSION 16 The Tennessee Department of Health concluded that screening 
people’s blood or urine for metals would not be helpful. 

BASIS FOR 
DECISION 

Based on environmental test results, the Tennessee Department of 
Health does not expect harm to health from touching, eating, drinking, 
or breathing the metals in coal fly ash.  No harm is expected from 
breathing the air as long as adequate dust suppression measures are in 
place.  We do not recommend testing.   

NEXT STEPS If people chose to have testing, and they are concerned about their 
results from metals testing, they should talk with their primary care 
provider or talk with a clinical toxicologist at the clinics set up in the 
area by Oak Ridge Associated Universities and Vanderbilt University 
Medical Center. 

The Future The Tennessee Department of Health understands that people are 
concerned about whether the coal ash may be a health hazard in the 
future.  The Tennessee Department of Health will continue to consult 
with the Tennessee Department of Environment and Conservation and 
the U.S. Environmental Protection Agency to make sure that future 
sampling will be adequate in all respects to make determinations about 
the health of the people living near the coal ash release.  The Tennessee 
Department of Health will continue to follow all sampling and analysis 
activities and will inform the Tennessee Department of Environment 
and Conservation immediately if any results might be a cause of health 
concern.  The Tennessee Department of Health, the Agency for Toxic 
Substances and Disease Registry, the U.S. Environmental Protection 
Agency, the Tennessee Department of Environment and Conservation, 
and the Tennessee Valley Authority should continue to work together 
to see that the public health is protected during the long cleanup 
process. 

The Tennessee Department of Health will continue to keep people 
informed about any new issues or any new findings. 

FOR MORE 
INFORMATION 

If you have concerns about your health, as it relates to the coal ash 
release, you should contact your local health care provider.  You can 
also call the Tennessee Department of Health at 1-800-404-3006 and 
ask to speak with the person handling the TVA coal ash response, or 
email the Department of Health at TN.Health@tn.gov, or you can 
obtain information from the Tennessee Department of Health website 
http://health.state.tn.us/. 
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Analytical Results 

EEP received environmental data in a variety of formats from the various 
government agencies responding to the coal ash release.  EEP treated data for 
the coal ash itself in the following way.  If a data point was listed as MDL 
(method detection limit) or with a U (undetected) designation, the data point 
was considered to be zero for statistical purposes.  This was because EEP was 
not always provided the method detection limits (MDLs).  If a data point was 
listed with a less than (<) character or a J (estimated) designation, the data 
point concentration was treated as the number listed for statistical purposes.  
This does not lend to complete consistency in EEP’s treatment of data from 
different agencies, but was necessary considering the various formats in which 
the volumes of data were received.  This had no affect on the conclusions about 
health hazards. 

Soil 

Soil was tested to find out if the coal ash had contaminated soil.  Analysis of 
the EPA shoreline soil samples (Table 3) collected from December 28, 2008, to 
January 5, 2009, and TDEC’s soil samples indicated that all metals in the 
samples were below health comparison values for all constituents, including 
arsenic.  No VOCs or PAHs were detected. 

Ash 

TVA ash samples collected on December 23, 27, and 28, 2008, and on January 
6, 2009, contained average arsenic concentrations above the health comparison 
value of 20 mg/kg.  Arsenic concentrations ranged from 22.7 mg/kg to 166 
mg/kg, with an average of 67.6 mg/kg.  All other samples contained metals at 
concentrations below health comparison values. 

Analysis of the EPA ash samples collected from December 23, 2008, to 
January 5, 2009, indicated that all KIF ash samples exceeded the health 
comparison value for arsenic of 20 milligrams per kilogram (mg/kg).  Arsenic 
concentrations in the ash ranged from 44.8 mg/kg to 81.3 mg/kg.  Table 4 
contains validated summary data of the ash samples collected during these 
dates. 

TDEC’s analytical results for ash showed that, except for arsenic, all samples 
contained metals at concentrations below health comparison values.  Arsenic 
was detected in all samples at concentrations above the health comparison 
value of 20 mg/kg.  Arsenic concentrations in the ash ranged from 56 mg/kg to 
100 mg/kg, with an average concentration of 78 mg/kg. 

Environmental regulatory agencies have a special way to look at wastes 
containing metals.  They use a concept called the toxicity characteristic 
leaching procedure, called TCLP for short.  Title 40: Protection of the 
Environment, Section 261.24 – Toxicity Characteristic defines TCLP.  Waste 
with metals is treated in the laboratory in a way that will remove metals from 

EEP: 
Environmental 
Epidemiology 
Program 

MDL: method 
detection limit 

EPA: U.S. 
Environmental 
Protection 
Agency 

TDEC: TN 
Department of 
Environment & 
Conservation 

VOC: volatile 
organic 
compound 

PAH: 
polyaromatic 
hydrocarbon 

TVA: TN Valley 
Authority 

mg/kg: milligram 
per kilogram 

TCLP: toxicity 
characteristic 
leaching 
procedure 
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Dermal Contact 

None of the metals in the coal ash will be absorbed through the skin from 
touching the ash or getting the ash on skin.  However, prolonged contact with 
the coal ash could result in local skin irritation (ATSDR 2007).  The ash that is 
along the shorelines has been fenced off.  Since the ash is not easily accessible 
and because the public health message to avoid contact with the ash has been 
widely publicized, no continued dermal contact with ash is expected for 
residents of the area. 

Incidental Ingestion 

Incidental ingestion (accidentally eating) occurs through hand-to-mouth 
behaviors.  That is, when playing or working in the soil, people may get dust or 
dirt on their hands and then put their hands in their mouth.  Children and adults 
may eat without washing their hands.  Adults do not usually wash their hands 
before smoking.  EPA has determined that, on average, a child will 
accidentally ingest about 100 mg to 200 mg of dust or dirt each day.   

Concentrations of metals, except arsenic, were below health comparison 
values. 

The concentrations of arsenic in some ash samples and the average 
concentration of arsenic in ash samples were higher than the ATSDR chronic 
EMEG for a child (20 mg/kg).  The average concentration of arsenic in ash 
samples varied between 30 mg/kg for TVA ash samples and 78 mg/kg for 
TDEC ash samples.  Arsenic was the only metal in the fly ash found above 
health comparison values (see Tables 2, 3, 4, 5, and 6) by all three agencies, 
TVA, EPA, and TDEC.    

Because arsenic was found at levels above the health comparison values, more 
detailed analysis was needed to determine if the arsenic found in the coal ash 
posed a health hazard.  We did this by looking at how much arsenic a sensitive 
member of the population (a child) would ingest (the dose).  Additionally, we 
needed to estimate how much of the ingested arsenic would be absorbed from 
the child’s gastrointestinal tract into his blood.  Experiments in animals have 
shown that between about 5% to 50% of arsenic in soil is bioavailable 
(ATSDR 2007).  EPA generally assumes for risk assessments that children will 
incidentally ingest from 100 mg to 200 mg of soil per day.  We assumed that 
young children would not play in the ash unattended except for very brief 
periods.  We assumed that 50% of the daily ingestion would be ash and 50% 
would be soil. 

  

EPA: U.S. 
Environmental 
Protection 
Agency 

mg:  milligram 

ATSDR: Agency 
for Toxic 
Substances & 
Disease Registry 

EMEG: ATSDR 
environmental 
media evaluation 
guide 

mg/kg: milligram 
per kilogram 

TVA: TN Valley 
Authority 

TDEC: TN 
Department of 
Environment & 
Conservation 
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mg/kg: milligram 
per kilogram 

mg/day: 
milligram per day 

mg:  milligram 

kg:  kilogram 

mg/kg·day: 
milligram of 
substance per 
kilogram body 
weight per day 

ATSDR: Agency 
for Toxic 
Substances & 
Disease Registry 

MRL: ATSDR 
minimal risk level 

EPA: U.S. 
Environmental 
Protection 
Agency 

RfD: EPA 
Reference Dose 

The equation used to estimate an oral dose from ingestion of contaminated soil (or ash in this 
case) is as follows: 

݁ݏ݋݀ ݈ܽݎܱ ൌ
  ܫܨ ݔ ܨܥ ݔ ܴܫ ݔ ݏܾܽ ݔ ܣܥ

  ܹܤ
 

Where: 

CA  =  concentration in ash, for arsenic, we used the highest mean, 78 mg/kg, for TDEC data 
abs =  percent likely to be absorbable, assume 50% (0.5) 
IR =  ingestion rate, 200 mg/day for a child     
CF =  conversion factor, 10-6 kg/mg or 1 kg/1,000,000 mg  
FI = fraction ingested, assume 0.5, half of the incidental ingestion is ash 
BW =  body weight, 16 kg for a child 
 

݁ݏ݋݀ ݈ܽݎܱ ൌ
78 ݉݃

݇݃ ݔ 0.5 ݔ 200݉݃
ݕܽ݀     0.5 ݔ ݃݇ 1ݔ

 ݃݉ 1,000,000 ݔ ݃݇ 16
 

 
݁ݏ݋݀ ݈ܽݎܱ ൌ 0.0002 ݉݃/݇݃ ൉  ݕܽ݀

 

The oral dose calculates to be about to be 0.0002 mg/kg·day.  This theoretical 
calculated arsenic dose is less than the ATSDR MRL and the EPA RfD of 
0.0003 mg/kg·day.   

This mathematical computation for calculating a dose of arsenic is an example 
of a worst case scenario.  The highest mean concentration of arsenic found in 
sampling and analysis was used.  The percent absorption from the 
gastrointestinal tract used in this example (50%) is the maximum absorption 
found in experiments.  The exposure period was during the winter months 
when most small children would not be playing outside near the water for long 
periods.  People with ash in their yards were moved quickly, making the 
exposure time short.   

Since the ash is not easily accessible and because the public health message to 
avoid contact with the ash has been widely publicized, no continued ingestion 
is ash is expected for residents of the area.  No harm to the health of children 
or adults is expected from the possible very brief exposure time.
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Surface Water  

Introduction 

As discussed in the Background section, surface waters are protected by the 
use of water quality criteria set by TDEC through the Tennessee Water 
Pollution Control Board.  For this public health assessment, EEP is concerned 
with uses of domestic water supply and recreation.  TDH values TDEC’s 
protection of fish and aquatic life, but TDH’s role is protection of public 
health.   

EEP will only address concerns about public health and will not address any 
concerns ecological issues in this public health assessment.  TDEC and TWRA 
sampled fish in the Emory and Clinch Rivers in order to detect any effect from 
the coal ash on fish and aquatic life and in order to detect any human health 
effects from eating fish that may have been effected by the coal ash.  Fish 
samples were collected in January, February, March, and April.  With the 
exception of two catfish samples, all levels of metals are below human health 
protection standards.  The two catfish samples exceeded the standard of 0.3 
ppm of mercury.  Levels of selenium are well below EPA’s proposed toxicity 
standards for protection of fish and other aquatic life. 

It is important to remember that there is an existing fish advisory on the lower 
Emory and Clinch Rivers that was in place before the coal ash release.  TDEC 
and TWRA advise avoiding consumption of striped bass and limiting 
consumption of catfish and sauger.  The pollutants of concern are 
polychlorinated biphenyls (PCBs) and mercury.  

TDEC and TWRA will continue to sample fish for contaminants that could 
harm the fish and that could accumulate in fish tissue causing human health 
effects. 

Location on rivers is designated by river mile.  Distance is measured from the 
mouth of a river, designated as river mile 0.0 and then going upstream.  The 
mouth of a river is where the river enters another river, a lake, or the ocean. 

Routes of Exposure  

Routes of exposure for this section include contact with the river water, 
incidental ingestion during recreational activities, and ingestion of fish caught 
in the river.  During the winter months, few people have any direct contact 
with river water.  Any contact would be brief.   

During the summer, many people have contact with the river water, including 
children.  This issue was fully evaluated by TVA, EPA, TDEC, and TDH, 
resulting in fact sheets and advisories for the river system.  Advisories stated 
that recreational activities were safe in all parts of the Watts Bar Reservoir 
except for the area around the coal ash release.  Existing advisories for fish 
consumption in the Watts Bar Reservoir remain in effect. 
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very small numbers (less than 30 in each polygon).  Very small numbers make any statistical 
analyses less reliable. 

A value for Moran’s I that is close to zero means that the distribution is random, with no 
apparent pattern.  A value for I that is positive means that similar values are clustered.  A value 
for I that is close to +1 indicates complete clustering.  A value for I that is negative means similar 
values are dispersed.  A value of I that is close to -1 indicates complete dispersion. 

At a confidence level of 0.05 (95%), a Z-score less than -1.96 or greater than +1.96 indicates a 
statistically significant result.  A Z-score in between -1.96 and +1.96, indicates a statistically 
non-significant result. 

Table m.  Statistically significant clustering of symptoms, community health survey results.  Kingston 
Fossil Plant, Harriman, Roane County, Tennessee. 

Symptom 
Before After 

Moran’s I Z-Score Conclusion Moran’s I Z-Score Conclusion 

Anxiety 
and Stress NA NA NA 0.35 3.7 

Clustered 
Less than 1% likelihood pattern due 
to chance. 

Shortness 
of breath -0.15 -1.77 Dispersed 0.15 1.98 

Clustered 
Less than 1% likelihood pattern due 
to chance. 

Vomiting 0 0.29 Random 0.27 3.53 
Clustered 
Less than 1% likelihood pattern due 
to chance. 

 

Table n.  Statistically non-significant clustering of symptoms, community health survey results.  
Kingston Fossil Plant, Harriman, Roane County, Tennessee. 

Symptom 
Before After 

Moran’s I Z-Score Conclusion Moran’s I Z-Score Conclusion 

Cough 0.01 0.52 Random 0.14 1.87 

Clustered 
5-10% 
likelihood 
pattern due 
to chance 

Diarrhea -0.18 -1.76 Dispersed 0.08 1.09 Random 
Headache 0.03 0.81 Random 0.01 0.34 Random 
Nausea -0.14 -1.55 Random 0.09 1.17 Random 
Wheezing -0.16 -1.82 Dispersed 0.02 0.48 Random 

See Figures 12, 13, and 14 for pictorial representations of the analyses. 

These results indicate that, for anxiety and stress and for vomiting, the after scores are highly 
significant.  The result for shortness of breath is just barely significant. 
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EEP investigated whether the ‘after’ symptoms had different spatial 
distributions than the ‘before’ symptoms using a Directional Distribution 
(Standard Ellipse) tool in ArcGIS.  This tool allowed EEP to create what are 
called standard ellipses, which show the distribution of symptoms as well as 
whether there is a directional trend or orientation in that distribution.  This tool 
can be used to compare distributions (in this case, symptoms), examine 
distributions from different time periods, and show the compactness and 
orientation of distributions.  If distributions closely resemble a circle, then there 
is not a strong orientation to the occurrence of the symptom.  A large circle 
means the cases are widespread whereas a small circle means the cases are more 
localized (concentrated).  The orientation of the circle/eclipse indicates the 
direction in which the cases are occurring.  See Appendix C for more details 
about spatial analysis methodology. 

Anxiety was clustered after the ash release; no questions were asked about 
anxiety before the ash release.  Hot spots for anxiety occurred on the northwest 
side of the ash release area where there was much property damage.  Anxiety 
and stress were tightly oriented around areas that were directly affected by the 
coal ash release, where the road was destroyed and where boats and boat docks 
were damaged or destroyed. 

Shortness of breath was more localized after the ash release, although it was 
still rather widespread.  Shortness of breath was clustered, with less than a 1% 
likelihood pattern due to chance.  Hot spots for shortness of breath occurred 
along the southwest / northeast axis of the ash release area.  The orientation of 
symptoms of shortness of breath changed somewhat after the coal ash release, 
moving closer to the spill.  However, the shortness of breath was not strongly 
related to location and was still rather widespread. 

Vomiting was more localized after the ash release and was clustered, with less 
than a 1% likelihood pattern due to chance.  Hot spots for vomiting occurred in 
a tight cluster to the northwest of the spill.  Because of the tight clustering, 
vomiting could have been a result of a viral outbreak, which is common in 
winter, rather than a result of the ash release.   
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Physician Education 

In response to the TVA Kingston coal ash release and following the community 
health assessment, TDH hosted an informational meeting for local physicians 
and other healthcare providers.  Invitations were sent by fax to approximately 
100 medical practices and clinics.  This represented over 250 healthcare 
providers from Roane County and the surrounding area.  Three meetings were 
conducted on January 21 and 22, 2009.  Presentations were given by the Deputy 
State Epidemiologist of TDH and an Environmental Epidemiologist of EEP.  
Information covered included: 

• Environmental testing plan and test results   
• Exposure routes and risks associated with coal ash  
• Syndromic surveillance results  
• Community health survey   
• Recommendations that testing of people was not necessary  
• Public health recommendations  
• Contact information for clinical toxicologists. 

Attendees comprised a cross section of medical expertise.  The following 
specialties and organizations were represented: 

• Roane County Family Practices 
• Individual General Practices      
• Individual Internal Medicine Practices 
• Roane Eye Center                    
• Kingston Family Practice 
• Cumberland Neurology Group 
• Oak Ridge Pediatric Clinic 
• Chiropractic Health Center 
• Roane County Medical Center including Chief Executive Officer, 

Directors of Nursing, Laboratory, Respiratory Care, Pathology, and 
Infection Control 

• Roane County Public Health 
• East Tennessee Regional Health Office  
• Roane County Emergency Medical Staff 
• Roane County Emergency Management Agency 

Providers were urged to report any coal ash exposures or disease they 
considered associated with the coal ash release.   

Follow up 

Because TDH had received no reports of illness associated with the coal ash 
from healthcare providers, follow-up visits were done on March 17 and 18, 
2009.  The Deputy State Epidemiologist interviewed 24 healthcare providers in 
and around Roane County.  The interviews included pediatric and family 
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than the cluster for respiratory symptoms.  The ellipse for higher real-time 
readings is not oriented with the quarry.  See Figure 16 for the location of the 
ellipses. 

Analysis of 47,908 real-time air sampling results and 216 results greater than 
100  μg/m³, most levels greater than or equal to 100 μg/m³ are related to fires 
or the cause is unknown.  See Table o below.  Only about 8% of higher 
readings can be attributed to visible dust or truck/car traffic. 

Table o.  Summary of notations for instantaneous reading >100 μg/m³.  Kingston 
Fossil Plant, Harriman, Roane County, Tennessee. 

Notation summary Number >100 μg/m³ Percent 
Visible fire, active fireplace, or wood-burning odor 115 53 
No visible dust or odor 47 22 
Hazy, foggy, or high humidity conditions 34  16 
Visible dust/ truck traffic 18 8 
In a work area 4 2 
Other 4 2 
More than 1 notation was included with some sample results 

Other Concerns 

Immediately after the ash release a non-governmental agency, United 
Mountain Defense (UMD), began working in the community.  UMD is an 
organization that works to stop mountain top removal coal mining.  UMD 
provided bottled water to residents even though all sampling for municipal 
drinking water and well water have continuously met all EPA and TDEC 
regulations.  UMD also worked to have 30 members of the community tested 
for heavy metals at a Tennessee company called Internal Balance.  Internal 
Balance advocates wellness and detoxification strategies.  TDH did not 
recommend metals testing because the community is not exposed to elevated 
levels of metals from coal ash. 

Some community members who were tested for heavy metals are concerned 
about abnormal results they received, but have had no medical follow up.  
Some health care providers in the area are uncomfortable interpreting these test 
results.  Several community members have reported abnormal laboratory 
results for porphyrins testing done through UMD.  People are concerned about 
their health, about exposures, and about proper diagnosis and treatment. 

TVA has contracted with Oak Ridge Associated Universities (ORAU) to 
provide services to individuals with health concerns relating to the coal ash 
release.  ORAU has subcontracted with Vanderbilt University Medical Center 
(VUMC) to provide expertise in clinical toxicology to area health care 
providers and to individuals.  ORAU and VUMC clinical toxicologists have 
prepared a protocol for acceptance into the medical program and for 
appropriate testing of individuals.  TVA will pay the costs associated with 
these examinations.  In addition, if an individual’s health has been adversely 
impacted by exposure to the released coal ash, TVA will pay for treatment 
(personal communication, Joseph J. Hoagland, TVA, September 9, 2009). 
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Conclusions 
1. When the coal ash was released from the failed retention wall of one of the coal ash 

storage ponds, people in the path of the ash could have been harmed by the magnitude 
and suddenness of the ash release.  If the release had occurred during a summer day when 
people were on the river or riverbanks, many people could have been harmed or killed. 

An enormous amount of ash quickly filled the Emory River and two coves, moving one 
house from its foundation and causing two other homes to be uninhabitable.  The force of 
the release ruptured a gas line and disrupted power, causing the evacuation of the 
neighborhood along Swan Pond Road and Emory River Drive.  A train derailed when it 
ran into the huge pile of coal ash.  People driving home during the night found that Swan 
Pond Circle Road was impassable due to the ash.  Fortunately, no one on the road or river 
was buried by the coal ash release. 

2. The Tennessee Department of Health concludes that it is unlikely that harm occurred to 
people from touching the coal ash when they had to climb out of their damaged houses on 
the morning of December 22, 2008, and who had to return to retrieve personal property. 

  Even though touching the coal ash could cause local skin irritation, the metals in the coal 
ash are not likely to get into people’s bodies from touching the ash. 

3. The Tennessee Department of Health concludes that no harm to the community’s health 
is expected from touching the coal ash.  This includes children who might touch the ash 
while playing.    

Even though touching the coal ash could cause local skin irritation, the metals in the ash 
are not likely to get into people’s bodies from touching the coal ash.  The ash has been 
fenced, clearly marking the areas with coal ash.  The opportunity for people, especially 
children, to touch the ash is minimal. 

4. The Tennessee Department of Health concludes that no harm to people’s health is 
expected from accidentally eating the coal ash.   

The concentrations of metals in the coal ash, except arsenic, are below levels known to 
cause harm if eaten.  Because exposure to the coal ash was brief and the arsenic in the 
coal ash is not completely available for absorption, no harm to health is expected even if 
the coal ash were accidentally eaten.  The ash has been fenced, clearly marking the areas 
with coal ash.   

5. The Tennessee Department of Health concludes that using the Emory River at the site of 
the coal ash release (near Emory River mile 2) could result in harm to residents or 
trespassers from physical hazards associated with cleanup efforts and from the volume of 
ash present, if residents or trespassers entered the area. 

TVA is using heavy machinery to build dikes and weirs to contain the ash and to remove 
the ash.  The boundary between land and water is blurred because of the ash, leading to a 
physical hazard to anyone walking in the area. 
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The Tennessee Department of Health will continue to keep people informed about any 
new issues or any new findings. 
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Recommendations 
1. The Roane County Office of Emergency Services and Homeland Security acted immediately 

to protect people.  The Tennessee Valley Authority, the U.S. Environmental Protection 
Agency, the Tennessee Department of Environment and Conservation, and the Tennessee 
Department of Health began to assist through a unified command structure.  Although the 
command center was demobilized in January 2009, the response from state and federal 
agencies has continued, and will continue until the area is returned to the conditions existing 
before the coal ash release. 

TDH and TDEC should continue to widely publicize the following message:  If you do 
contact the ash, then practice good hygiene, especially washing your hands before eating or 
smoking.  Wash thoroughly, including your hands, clothes and shoes if you, your children, or 
pets come in contact with the ash.  Basically, wash the same way you would after mud 
exposure.  Remember, the metals are bound to the ash.  Occasional exposures for brief 
periods of time should not harm people’s health.    

2. People whose homes were destroyed have been relocated.  In addition, the Tennessee Valley 
Authority has relocated most of the families whose property fronts the affected portions of 
the Emory River and inlets.   

The U.S. Environmental Protection Agency, the Tennessee Department of Environment and 
Conservation, and the Tennessee Valley Authority should continue to work cooperatively to 
clean up the ash as quickly as possible while protecting the people in the community from 
touching, accidentally eating, drinking, or breathing the coal ash. 

3. The Tennessee Valley Authority should continue working in cooperation with the U.S. 
Environmental Protection Agency and the Tennessee Department of Environment and 
Conservation to clean up the coal ash while protecting the people in the community from 
touching the coal ash. 
 

4. The Tennessee Valley Authority should continue working in cooperation with the U.S. 
Environmental Protection Agency and the Tennessee Department of Environment and 
Conservation to clean up the coal ash while protecting the people in the community from 
eating the coal ash. 
 

5. The Tennessee Valley Authority is working in cooperation with the U.S. Environmental 
Protection Agency and the Tennessee Department of Environment and Conservation to clean 
up the coal ash while protecting the people in the community.  While cleanup is underway, 
heavy machinery will be present.  The Tennessee Valley Authority should continue to 
actively patrol the areas within the Emory River where operations are occurring so that 
unauthorized persons cannot enter the area.  The U.S. Environmental Protection Agency, in 
conjunction with the Tennessee Departments of Health and Environmental Conservation and 
the Tennessee Valley Authority, issued a Recreational Advisory for Watts Bar Reservoir in 
June 2009.  This advisory states, in part: The public is cautioned to avoid recreational use of 
the lower Emory River in the vicinity of the ash release down to the confluence of the Emory 
and Clinch Rivers, which includes adjacent coves, inlets, islands, and sand bars.  Small 
vessel traffic is currently channeled through a well-marked navigational lane, but swimming, 
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