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oal ash, one of i he dirl iest secrets in

American energy production,burst into

ihe l'.S. consciousness dm.e days be-

fore Chrisimas.2008 when an earl hen

wall bokling back a huge coal ash disposal pond
failed ai Ihe coal-lired power plam in Kingsion.
Tennessee. The 40-acre pond spilled more than
I billion gallons of coal ash slurry imo i he adjacent
river valler, covermgsome 300 acres wit h thick,
toxic shulge, destroying three homes, damaging

many others and contaminatingthe Emory and
Clinch Rivers

When the U.S. Environmental Protection
Agency tested water satoples after the spill, they
found mxic heavy meials including arsenic, which
hev measuredai 149 times he allowable sian-

and nickel

fidl dimensionsof he heahh threa from coal ash

arejust beginningto register with he American

public. Coal ash is the wasic prodi c lefi over after

how much coal ash is generatedeach year and how

grossly misnianaged its disposal is:

? While the toxic coments of coal ash may vary

ash cotumonly contains some of i he world's b'?Ì it) Í\t3/C\}.'t), ?r'etiss'\\
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deadliest t.oxic nietals: arsenic, leach mercurv. less dramaticscenario: the slow leakage of toxic
radmiiun, chnunium and selenium

? These aml other toxicants in coal ash can cause
cancer aint neurological damage in humans.
They can also harm aml kill wildlife, especially
fish and other waier-dwelling species.

? Coal ash is the seccmd-largest industrial was1e

stream in the U.S., after niining wastes

? Coal ash is disposed in approximately 2MH)
dump sites across the nation: at leasi G29 wet ash

points ' and 311 dry landfills ai power staiions,
ai least 100 offsite dry landfills and 750 inac-

live dumps and hmulredsof abancioned and
aciive mines (as fill):

? Coal ash dumps likely exisi in eveq slate in ihe
U.S. due io ihe widespread use or coal to gener-
ate electricity in the nation's 495 coal-lired power
phmts aml hundreds of industrial boilers "

After the Teimessee spill, public anemion fù-

cused at first on ihe possibility of more sudden
catastrophes. But 1he most common ihreal thm
coal ash poses to publir heahh comes from a

pollmion from disposal siies such as pon<ls and
lamlfills.

loxir polhu ion. some of b cancer-causing,can

and does escape from some of those sites, accord-
ing in i he EPl" This occurs in a varietv of ways,

mosi frequently when coal ash comes imo contact
wil b water, allowing toxics to "leach'' or dissolve

om of the ash aml percolate i br<mgh waier. Coal

ash toxics have leached from disposal siles in well

over 100 communities, carrving toxic substances
i mo above-gronmla nd n ndergronud wal erways
including streams, rivers, aquilers. and drink-
ing wahr weHs, fbrring some families to find new
drinkingwater supplies.Several coal ash-comam-
inated sites are federal Superfundsiles. incitiding

one emire conomniityihai lms been designateil a

Superfundioxic site due to the contaminationof
ils watersupply by coal ash

Large quantities of coal ash are "recycled,"

preseming another poiemial rome of exposure io
coal ash toxics, Some states allow coal ash to be

used as siructural fill. agriruhural soil additive,
iop layer on unpaved roads, fill fhr abandoned
mines, spread on mowv roads, and even as cinders
on school running tracks. These uses may expose

coal ash o water, increasing the risk of leaching.

Coal ash is also dangerous

if inhaled, so some of these
h>rms of recycling may en-
danger hmnan health from

airborne particles, even

where no water is involved.

The EPA has documem-
ed that roal ash contains
oxic materials.and 1hai

escape from disposal sites.
h has confirmedand mea-

sured toxic leaching into
waier supplies.And ii has

identilied specific sites at

exposed to coal ash tox-
irs, whei her fro n drinking
comaminaiedwater, eaiing

a
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contaminatedfish, or breathing"fugitive thisi ? Fhtidized bed combustion (FBC) wasies are gen-
Yei as of laie 2010. no federal standardsexist to
regulate how coal ash is disposed or where and
how it can he recycled. I nstead. a patchwork of in-

suíTirient slate regulations allows widely disparate
uses of and disposal meihods for roal ash. This re-
pori examines ihe risks to public heahh that resub
froin ihat inadequale regulaiion aml highlighn
the damage i hai has occurred in i he absence 01

si rong, federally enforceablesafeguards. The
report ccmcludes with recommendalions lor effer-
live policy reforms ihat conhl significantlyprotect
human health,

Given ihe high toxicityof coal ash's constitu-
ents, the growing immber ol proven and poiential
damage cases, and the prospect of more damage
cases emerging as ioxicams reach peak concen-
tration in ihe comingyears, the magnionle of
coal ash as a ihreai to human heahh is likelvonly
beginning to emerge_

WHAT IS COAL ASH AND HOW TOXIC 15 5T?

Coal ask has differem physical and rheulical prop-
enies dependingon the geochemicalpropeniesof
I he coal being used and how t hat coal is burned.

? "Hy ash'' consisis of ihe fhie powderypart.icles of
minerals, phis a small amotmt of carbon, ihai are
can'ied up the smokestack by ihe exhaust gases.

erated by a specialized combustion wchnology
in which a heated bed of sand-like material is

suspended (lloidized) hi a risingjetofair. FBC

waste may include ilv ash and boitom ash and
tends to be more alkaline because of the lime-

stone used in the process.

The EI¼ has foimd ihai living next to a coal ash
disposal site can increase your risk of cancer or
other diseases,especiallt if you live near an unlined
wet ash pond ihat contains roal ash comingled with
other coal wastes and you gei your drinking water
from a well. According 10 ihe EPA's peer-reviewed
"I Iuman and Ecoh>gical Risk Assessmein for Coal
Comlmsticm Wastes," people in those circumstances
have as much as a 1 in 50 chanceof get ting cancer
from drinking water comaminated by arsenic. one
of ihe most common and rumgerous pollmams in

coal ashy This risk is 2,000 times greater than ihe
El½'s goal for reduring cancer risk io 1 in 100,000.

That same risk assessmemsavs ihai living near ash

pomis increases the risk of heahh problems from

exposure 10 ioxic metals like cadmium, lead and
ot.her polhnams.

lypically, coal ask onnainsarsenic, lead, mer-
curv. cadmium, chromiumand selenitun, as well
as aluminnm,antimom;harimn, beryllium. 60-

ron, chlorine, rohah. manganese, molybdentun.
nickel, thallium, vatuulimn. and zinc? All can be

"Bottom ash" is a courser material ihal falls lo
the honom of the furnace.

"Boiler slag" is created from the mohen hot-
tom ash that, when cooled in contact with wmer
in wet-bonom boilers, forms pellets of a hard,
glassy material.

Flue gas desulfurizat ion (FGD) waste is t he by-

productofair polknioncomrol sysiems used io
reduce the snIfur dioxide emissions from roa|-
fired power phuns, "Scrubbers" spray lime or
limesione sinrry into the flue gas, where it reacts
with ihe sulfur io form calcium sulfire that is

processed to make FGD or syntheticgypsum.

toxic F.specially where Ihere is prolonged expo-
sure, ihese toxic metals can cause several types of
cancer. heari damage, lung disease, respiralory
distress, kidney disease, reproductive problems,
gastrolmeslinal illness. hirth delects. impaired
bone growth in children, nervous sysiem unparts,
cognilire deficiis, developmemal delays and behav-
ioral problems, In short, coal ash toxies have the
potential to injure all of the major organ systems,
damage physical health and development, and
even contribute to mortality,

Adding to the mxicity of coal ash is thal some

power phmts mix coal wit b ot her fuels and wasies,

such as used tires and even hazardonswastes, in

addition, when coal ash is disposed with coal re-
fuse, a highlv acidir wasie, the resuhing mixture is
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significanilymore toxic and prone io release mei-
als inio the environmem."Utilities ihat manage
coal ash in pomls orien mix roal reliise with coal
ash, a practice thai greatly increases 1he cancer
risk lo nearby residents who get their waier from
drinkingwells

Not only is coal ash toxic, ii is likely lo grow in-

creasinglydangerous.Air pollution comrol technol-

ogies-.scrubbers,selective catalytic reduriion, ami

activaied carbon injection technologies to capinre
mercury and other hazardous air pollutams --cap-
ture an mcreasmg propornon of the coal pollmams

that wonkl otherwisego up the smokestacks. When

those pollutanis are caputred, ihey are shilled f rom
the air to the coal ash Mercury and other pol-
huants that previouslycontrihmed to air pollution
are now heroming solid wasics-and when they
leach imo water, their toxicity is carried inio 1he

waier. The EPA speaks of "ensuring ihat emissions
being controlled in the lhic gas ai power plams are

not later being released to other environmental
media.''""Unforninately,ihat s exactlywhat is hap-

pening: One toxic environmentalproblem is being

traded for another.
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e
oal ash contains a range of mxic con-
stituenis that are known to leach, leak,

or spill out of coal ash disposal sites and
adverselv alTeci human and environ-

meinal heahh. We sumrmtrizehere the effects on
ihe hmnan body that can he caused by exposure
10 uine of ihe mosi rommon h>xic contaminants in

coal ash

ARSENI C

\rsen ir is an ancieni and well-knmvn poison and a

chmgerous environmemalcomaminani. In recent
years h has been widely used as a wood preserva-
tive in ireated ltunber to consiruri decks. play-
ground equipmem. fi-nces, tulliiy poles and piers.
Bermiseof its excessive toxiciiv, arsenic has now
been banned in wood liv most residential settings.
inchuling decks and play sets. Arsenic is ¡wesem in

coal ash anr1 has been shmvn in numerous cases to
leach f rom ash and comaminate drinkingw:ner.

Arsenic producesa varietv of adverse heahh ef-
fects. Ingesl ing very high levels can resub in death.
Chronic exposure to arsenic in drinkingw;uer can
cause several i ypes of cancer. inclmling skin can-
cer. bladder cancer. hmg cancer and kidnev can-
cer. Receni studies have linked arsenic ingesiion
io canliovascular disease and diabetesmehims
I xposure io lower levels can cause nausea and
vomiiing, decreased productionof red and white
blood cells, and cardiovasruhir effects inchuling
abnormalhean rhythm, damage lo blood vessels,

Coal lancants . . .

and damage m the peripheral nervons svsiem.
According to 1he Agency for Toxir Subslancesand
Disease Regisirv (ATSDRh ihere is some evidence
that in childhood, long-term exposure 10 arsenir
may result in lower IQ scores and exposure to arse-
nir in the womb and early childhood mav mrrease
mortalitv in roung adults." Many of arsenic's ef-
fetis are dose- and time-dependent Repeaied low
levels of exposure over an extended period of çime

can produce effects shnilar io a oneHime high level

of exposure.
Connuninateddrinkingwater is a primary rome

of arsenic exposure. Sciemific sindies have shown
i hat exposure to arsenic in drin king waier resuhs
in an elevated risk of urinary tract cancei s (can-

cer of ihe bladder, kidney, urciers. etc.h Boih ihe
level of exposure and the duration of exposure
are significant factors, according to a 2010 article
in thejournal of the American Associationfor
Cancer Research. Reponingon a smdv in Taiwan

ol residenis whose well waterwas comaminaied
wii h namrallyoccurring arsenic. t he anicle h3nnd
a "signilicam"trend of increased cases of urinary
iraci cancer as exposure levels increased?

The durmion 01 exposure was also signifi-
cam. especiallyat high levels of exposure.Those

who had been drinkingarsenic-comaminaied
well water since hinh-that is, those with ihe
longest-term exposure-exhibited a four- to hve-
fold increased risk of urinarycancers.The s1Hdv
Wso found that exposure from bin b mar increase

urinary cancer risk nmch later in life. This lind-
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ing of a long latency period (the time iluu clapses
from exposure itutil the time of illness) sitggests
that people whose drinkingwaier is comaminated
by arsenic from coal ash should be atonitored
long-term (or urinary tract cancer, even il thev stop
drinking the comaminated water?

In addition to drinkingwater, arsenic can en-

ter the bodv via otherpatlnvays. Inhaling sawdust
from consiruction with arsenic-ireatedlumber nin
greatly increase t he danger al hmg cancer. as it ran
be absorbed t brough the lungs. Inhaling arsenic
from coal ash fugitive dust can likewise pose a dan-

ger to human health. Arsenic can also be absorbed
through the skin, which is why its use in decks ami
play equi}miem was outlaweci, Children who play
near spilled coaf ash or where there is fugitive dust

may be at risk of arsenic exposure.
Because arsenic occurs naturally as an element

distribined widelv in i he earth s crust, we are ex-

posed to constant low levels of arsenic Irom air
and waier. Normally,air n>mainsa backgroumi

concemration 01 less than 0.1 microgramsper
cubic nieter. and drinking water less than 5 mi-
crograms per liier. but water levels can be signifi-
cantly higher, as can exposure from oq her s<mrres.
Thus, health concerns involving arsenic exposure
from coal ash must take into account the cumula-
tive effect of acute exposurefrom ash combined
with backgroundexposureand exposure from

other sources,

BORON

Boron occurs in nature as an essential plam nturi-
ent. It is used in a varie1y of produris and processes

ranging from detergentsand cleaning producis
to the productionof glass, überglass and ceram-
irs. Breathingmoderale levels of airbonic boron

causes non-persistent irritation ol the nose,1hr<mt,

and eyes. Airborne exposure most commonly oc-

curs in the workphice, fùr example,where horales

are mined or processed. I fowever. ingestion (eai-
ing or drinking) of large amotunsof horon can
result in damage to the testes, intestines, hver,

kidney, and brain. Exposure to large amoamsof
boron over short periods of time can eveninallv

lead to death, Chihlreu living near waste sites con-

taining boron and baron compotinds are likely to
be exposed to higher4han-normallevels through
inhaling boron-containingdus1,touchingsoil, and

swallowing coinaminatedsoil.
Baron is an esseinial micronutrient for planis,

where it plays a n>le in cell division, metabolism,
and membranes1ructure. However, while it is need-

ed as a not rient there is a small range between

deficiency aml excessuptake or toxicily. Dangerous

levels of boron may occur in soils i hai have been

contaminaiedby pollmam sources such as coal ash

from coaldired power plams

CADMlVM

Cadmium is a metal widelv used in manufacmr-
ing. Dietary exposm-e to cadmium is possible froin
hellfish and plants grown on cadmium-contami-

nated soils. Forninately, oral ingest ion of cadmium
resuhs in low levels of absorpiion.The lungs, how-

ever, readil) absorb cmbninm, so inhalation expo-
sure results in umrh higher levels of absorption.
This makes radmium a paiential ha/.ard from coal

ash dus1, which may be released into the environ-
ment when dry coal ash is stored, loaded, trans-

ported, or kepi in uncovered landfilk Chronic

exposure can resub in kidney disease and obstruc-
iive long diseasessuch as emphysema. Cadmimn

may also be related to increasedblood pressure

(hyperiension)and is a possible hmg carcinogen.
Cadmimn affects calcium metabobsm and can re-

suh in bone mineral loss and associated bone pain,
osteoporosisand bone fractures.

CHROMlUM

While chromimn (111) is an esseruial nmrient in
i he body, the other common form of chromium,

chrominm (VI), is highly toxic and is frequently

found in coal ash. When ingesiedvia contami-

naied water, chromium (VI) can rause stomach

and small intestine alrers. Frequent ingestion can

canse anemia and stomach rancer. Contact with
ihe skin by some compounds of chromium (VI)

can result in skin nlcers. When inhaled in large

e
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amounts,chromium (VI) can cause long cancer.
breat hing problemssuch as asthma and wheezing.
and nose ulcets.

LEAD

I ead is a very potent neurotoxicam thal is highlv
d;miaging t.o ihe nervoussysiem, hs dangers have
Iwen acknowledged.if noi fully understood. for
i bonsands of vears. IIcalth ellects associaied wil h

delavs and abnornialiiies.reduced IQ and mental
retaniation.and behavioral problems. State agen-
ries regularlyissue f ish consumption advisories to

caution women of child-hearingage ancl children
against eating mercurv-contaminaiedlish. The
FDA has sei ;i limii lbr safe consumption of l part
per million ormeihvhuerrury in lish

MOLYBDENUM

exposure io lead include. but are not limiicd to.
neuromxicily. developmemaldelays. hypenension,
impairedhearing acuily, impaired hemoglobin
synt hesis, and male reprodurlive inipairmem
importantly. inany of lead's heah b effecis may or-
cur withom oven signs of toxiciiv. Scientists have
long recognized that chiklren are panirularly sensi-
l ive, wii h high levels of lead resuhing in swelling of

Molvhdenum is a metal with an extremely high

mehing pohit that is ofien used lo strengthen steel.
h is Ibuml in the human body in small quarniiies,
ami some foods naturally romain molybdenum
such as liver, eggs. and some grains.

As a contaminam, molybdenmn exposure is ol
conceni from inhalation of dusi or ingestion. This
may occur from exposure io dust on food or on

ihe brain, kidney disease.effectson hemoglobin the hands, or if molybdenum in the air is inhaled
and possible death. Adverse effects in children can and ihen omghed up and swallowed. Exposure
also occur well before ihe usual ierm ofchn>nicex- can occur in mining, anci the OccupationalSafety
posure can take place. Children ander G years okl ami l lealth Administrationhas sei an occupational
have a high risk of exposure because of Iheir more exposure maximum pennissible limit ai a mg per
frequem hand-to-monih behavior. h is nmv well ac- cubic meter of air in an 8-honr day. Chronic expo-
cepied ihai there is no safe level ol lead exposure, sure to molylxleumncan resub in excess fatigue,
particularly Ibr children? Harmful levels of lead headaches and joim pains.
exposurecan resub from drinkingwater omtame
nated by coal ash and f'rom exposure io coal ash

contaminated soils.

MERCURY

Anotherwell-komyn nenn>toxicaunmercury has
i he (hmgerousrapacity 10 bioaccumulate, or build
up in animal tissue. When mercury leaches from
coal ash into t he soil or water. ii is converted by

hacieria imo meihyhuercury, an organic thrm
t hat can he absorbed by small organisms and i he
larger organisms ihat eat ihem. As ii moves up the
(bod chain. i he concent ration of tuethvimercury
increases. When it has accmnidaied to high con-
centrations in fish. this becomes a major palbway
Ibr hmnau exposure.

Mercury is particulary toxir lo the develop-
ing nervous system. Exposure during gesiation.
infancy. or childhood can cause developmental

Some molybdentun compounds have been

shown io be toxic to rats..\hhoughhuman ioxicity
dai a are unavailable,animal smdieshave shown
thai chronic ingesiion of more than 10 mg/dayof
molybdenum can cause diarrhea.slowed growth.
low birib weight aml infenilhy. and can affen ihe
lungs, kidneys. and liver.

THA LLIUM

Thallium, a metal fbund in trare amounts in ihe
can b's crush emers t he environment primarily
from coal-burningandsmeking. Once in ihe envi-
ronmem, a is highly persisteni and eniers the food

chain by being absorbed by plams and building
up in fish and shelhish. Eating food romaminated
with i hallium may be a malor source of exposure
Ibr mosi people: however, the ATSDR Iists

11[ivingnear hazanlons waste snes contmnmg
thallimn" as a path to exposure; m fact. it is ihe
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only path which the N1SDRnotes "ntay resuh in
higher than normal expositres "?her paths in-

clude touching i hallium, l>reathingin low levels of
thallium in air and ingest ing low levels in

water, or, for children, eating soil contaminaleil
with thallium.

Exposure lo high levels of thallitun can resub
in harmful heahh ef fects. Workerswho inlutte

thallium over several years repon nervous system

elfects such as numbnessof fingers and toes.

Ingesting large amounts of challium over a shon
ilme has been shown m lead to vomiiing, cliar-

rhea. and temporaryhair loss, along with aciverse

effects on the nervous symem, hmgs, heart, liver.

and kicineys. Ingesiing thallitmi can even learl

to death. D is no1 known what ihe effens are of
ingesting low levels of t hallium over a long l ime.
Studies in rats have shown adverse developmental

effects from exposure to high levels of shallium.
and some adverse effects <m the reproductive sys-

tem after ingesting thallium for several weeks. L

is noi known if breathingor ingesting ihallium
affecis human reproduciion?

SELENIUM

Selenium is a coinmonelemem. an essemial nu-

irient, and readily available in a variety of fbods

including shrimp, fish, meat, dairy producis, atul

grains. 11is readily absorbedby the intestine and
is widely distributed throughout the tissnes of the
body, with the highesi levels in the liver and kid-

nev. While selenium is used by the body in a variciv
of celhilar fimcilons, too much can be harmful,
as can too little. The recomniendeddaiiv intake is

m 10 /0 micrograms. Excess selenium imake can

occur in both animals and humans living in areas

with elevated selenium in the soil. Most grasses

and grains do not accumulateselenium. bui when

an animalconsumes plams that do accumulate
selenimo (some up to 10,000 mg/kg), they can
develop a condition called the "blind staggers.
Sympioms include depressed appeiiie, impaired

vision, and staggering in circles. 1 ligh expo-
smes can uhimately lead to paralysisand deai h.

1Inmans are susceptible to similar efferis as well as

additional neurological impacis

Seleninm expositre also affecis fish, which absorb

the meial through their gills or by eating contami-
nated food sourcessuch as worms. Extremelyhigh
levels ofseleniinu have been íbtmd io acemnulate
in lish and amphibians living in coal ash-comami-

na1ed waters and wetlands, if they survive exposure

io the toxin. As confinned by laboratorvstudies

selenitun accumulaiioncan cause developinenial

abnorntalities in fish and amphibiansand has led to

the death of ent_ire local fish populations. Selenium
is bioaccumulative.meaning it is passed up the food

chain in increasingconcenirations,and excessive

amountshave been found in water snakes, small

mannuals, birds and lnunans.

Concern also exists abotu the risks m heahh

from coal ash toxicams in combination, While
t he properties of coal ash toxicams are under-
stood as i hev function individually,lin le is known

about what happenswhen these ioxic substances

are mixed,-as rout inelv happens in coal ash.

Concurrentexposure to multiplecontaminants
may intensify existing effectsof individualcon-
taminams, or may give rise to interactionsand

synergies that create new effects. For example,

alumintun. manganese and leml all have adverse

effects on the cemral nervous system; barium,

cadmimu and mercury all have adverseefferis on

the kidney. Where severalcoal ash comaminants
share a common mechanism of toxicily or affect

the same body organ or system, exposure to sev-

eral contaminants concurrentlyproduces a greaier
chance of increased risk io health."Yet the EPA

has not iaken imo account in its risk assessments
he possibility of synergistic imerac1ions. despite
he conunon occurrence ofmuhipleconiaminants

contaminams on the body.
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Figure 1. Health impacts of Coal Toxicants

Mercury*e
Mercury poses particular risk to

children. infants and fetuses.
Impacts melude nervous
system damage and
developmentaldefects
like reduced 1Qand
mental retardation.

Chromiume
Ingestion of chromium
can cause stomach and
mtestinal ulcers, anemia,
and stomach cancer.
Frequent inhalationcan
cause asthrna, wheezing.
and lung cancer.

? Seleniume
Selenium is used in
many bodily functions,
but deficienciesor
excesses can be bad

,

for one's health.
Excess intake of
selenium can result
in a host of
neurological effects,
mcludmg impaired vision
and paralysis, and even death.

olead*
Exposure to lead can result in

bram swellmg, kidney disease.
Cardiovascular problems, nervous
system damage, and even death.

It is accepted that there rs

no safe level of lead exposure.
particularlyfor children.

OArsenic*
Ingestion of arsenic can
lead to nervous system

damage, cardiovascular
issues, and urmary tract
cancers. Inhalation and

.. absorption through the
skin can result m

lung cancer and skin
cancer, respectively.

eBoron
Inhalation of boron

can lead over the
short-term to eye,

nose, and throat

irritation. Ingestion
of large arnounts,

however, can result
m damage to the testes,

miestines. liver, kidneys,
and brain. and eventually

lead to death.

O Other Toxicants

Antimony Cadmium
Eye, skin rritation Emphysema
Stomach pam, ulcers Kidney disease
Lung disease Hypertension

Lung cancer
CMdren are particularhat nsk

Molyhdenum Thallium
In anrmals: Nervous system damage
Slowed growth Lung. heart. 11ver,

Low birth weight kidney problems
Infertility
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? 2.Frcnn Containment to Contamination:

The Risk ofExposure

COAL ASH DISPOSAL: HOW, WHERE,
AND HOW SAFE?

L¯illily ccnnpanies have ihree basic opiions for
disposing of their ash. If the ash is dry, ii can
be disposed in landfills. According 10 ihe El%
an esd mated 36 percent of the coal combusticm
waste generatedby utilities in 2007 was disposed

of in dry lamlf ills, fre<p tem ly on-site at i he power
plam where i he coal was burned. Coal ash may
also be mixed wiih w;ner ainl s1ored in so-called

ponds"-somemore i han 1JH)O acres+md some

const ructed imly with earthen walls. These wei
disposal areas are called "surface impoundmems
and in 2007 accomnedfor 21 percem of coal ash
disposal ' I he remain ing 43 perceni of coal ash

O was reused in a varietyof industrialand other ap-

plications, discussed at the emi of this section.
The EIS has found ihm iwo lactors dramaticallt

increase the risk i hai coal ash disposal units pose.
both io lmman health and io ecosystems: (1) the
use of wet surface impolmdmentsrather than dry
landlills, and (2) the abscuceof composite liners
to prevent leaking and leaching. Surface irnpouml-
mems (wel ash ponds) consisiemlypose higher

risks ihan do landlills Some surface impound-
mems are linle more than piis in ihe earth, totally
lackingproiectiveliners, wit h native soils as the
honom amt sides. These unlined wei disposal areas

constimte a disproportionaic mimber of the "dam-
age cases" where coal ash toxics are donnnentedto
have escaped from disposal facilities and damaged
human heahh or the communi1y."(See seciion 3

for dei ails.) Ponds lined wit h clav are also subject

to leaching dangerousamonms ofioxics lo under-
lying gronudwater,The greatest level of protection
is alfbrded by composite liners, constntried from

various lavers including lunnan-madematerials,
such as a plastic membrane like high-densiiy poly-
el hylene. placed over clay or geostulheticclay.

Ilowever. these liners have a finile lifespan, so iruly
permanem safe siorage of coal ash ioxicams will
require ongoing dingence well into i he future.

Despite the obvious danger to inunan heahh as-

sociated wii h coal ash disposal, it is hard to deter-

mine preciselyhow many coal ash disposal areas
there are in the U.S. In 2009. the EPA requested
information from electric utilitiesoperanngwei

ask ponds. The El% received information on 629

coal ash ponds in 33 states? Because i bis colint
inchtded groups of ponds ai some sites, the num-
her of power plams with ash ponds was 228. The
El%'s 2010 Regulatory hupart Analysis est imated

that the number of active landf ills was more than
the 311 known dumps utilizedai power plams. An

estimmed 149 power plants utilire an unspecified

unmher of landfills located outside lhe planis
boundaries, adding 10 the toial number of land-
fills.* Ah bough i he number of states and sites is

hard io specifvwith precision, ihere appears lo be

disposalof coal ash in at leasi 46 states

With coal ash disposal sites located in mosi of the
50 staies. the threat to public heahh af fects many
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communmes.Ilowever, that tltreat is not shared
equally. Many coal ash disposal shes are locaied in

rural areas. where land availabilitv aml lower laml
prices make it cheap io purchase the niulti-acre
sites necessary for ash ponds and landlills-aml
where the power planis that generaie the ash are
also frequently locale<L in faci. the majority of
coal ash disposal sites are on t he power plam sim,
thus avoiding cosily transponationof the ash. hnt

concemratingthe pollution. Lmv-incomeconunn-

HOW MUCH COAL ASH IS THERE?

Co.al ash constitutes one of the largest waste
streams in the United States. The American
Coal Ash Association.an industry group,
estimates that coal combustiongenerated
approximately131 million tons of coal ash
in 2007? The Environmental Protection
Agency, noting that this figure excludes
srnalier coal-fired power plants (those
generating between 1 and 100 megawatts
per year), has suggested that a more
accurate figure is 140 million tons of coat
Waste annually."The EPA estimates that
the storage capacity for all existing coal
ash ponds and landfills is approximately
864.000 acre feet. This is enough coal ash to
flow continuously over Niagara Falls for four
days straight. Coal ash is the second largest
industrial waste stream in the United States,
seCond only to mine Wastes.

Emmgh raal ash k stored m wa& ponds and
land]ïlh to jlow om Niagara Fallsforfour
romecutive clm

nities live near a dispmpon ionateshare ofcoal ash
disposal litcilities

Children are anoiber susceptiblepopulation.
This is due in part to their size: any exposure they

suffer is more significant for their small bodies than
il would be for an adult. In addition,children's
organ systems, panicularly ihe nervons system, are

still tuulergoing developmem and are ihos more
suscepiibl to the elTects of ioxics exposure.This is

panicularlythe case during gestation (in utm2) and
infancy. and it remains irne ihroughom childhood.
Children also breathe more rapidly than aduhs and
iheir lungs are proportionatelylarger, thus increas-

ing iheir suscepiihility to airborne toxirs. Finally,

vonog children are prone lo hand-to-momb behav-

iors that expose ihem io higher levels of ambiem econtaminams,such as the "fugitive dusi~ thal can
blow olf ofexposed coal ash.

PATHWAYS TO EXPOSURE

The toxic cont;uninants in coal ash follow various

routes. or paihways, to make their way into what we

can drink or breathe. Some escape from coal ash by

leachingor dissohingimo w;ner, subsequemlycon-
taminalingundergronmlaquifers (groundwaier)

or surfiice waters like rivers and streams. Some are

consumedwhen people eat fish that have been con-
taminar.edhv coal ash-exposed water or sedimems.
Coal ash toxicantsalso travel ihrough ihe air as
f ine particles or dust or over the ground and other
surthces, due to erosion, runoff,or seitling dusi.

(loal ash contamination of surface waiers such as

streams, rivers, ponds. lakes, and wetlands poses
a serious threal 10 1he life forms that live in and
eat from t hose waters. The mosi dramaticact.s of
romanunanon occur when impounchnent reiain-
ing walls give way, spilling enormousquantities of
roal ash shtrrv directly imo surface waters. The

rupinre of the retainingdam at the Kingston,
Tennessee,coal ash wasic pond spilled more ihan
I billion gallons of coal ash slurry imo ihe Emory
River. Alt hough ii is the besi known example of a

coal ash pond failure, ii is not the only case. For

exampie, a rupture occurred in August 2005 when

e
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a dant failed at the Martin's Creek Power Plani
in eastern Pemtsylvania,allowingmore than 100

million gallons of coal ash-contaminatedwater to
flmv into the Delaware River. Arsenic leveh in the
riverjumped io levels ihal exceeded waier qualiiv
siandards.and a public waiersupply was temporar-
ily closed downstream,The response action cosi
SS/ nullion

Some coal ash impotuuhnems are raied for the
degree of danger they pose io the communiiies
and environmenis downsi remn. According10 the
l<l½ rating system, a "high" hazard rating indicates

that a dam faihire is likeh to cause loss of hmnan
life. A "siguilirani" hazard raling means ihai failure

of the impoundmentwould cause significant eco-

nomic loss, environniental darnage, or damage to
inh·astninure. In 2009, the El% lound ihat of the
629 ash p<nuls it idemified.only 43l were rated. Of
those, iiu-niore than one in len-had a "high"
harard raling aml ^/l had a "signHirani" raling."
The mnnher of coal ash dams with high ami sig-

nincam huard ratings is likely to rise much higher
because abnosi 200 coal ash dams are not vel raled.
Curremlv no federal regulations exist to require
hazard safeiv ratings.

Dramatic failures areni i he only source of sur-
face spills; smallerspills occur when impomulmeni
<likes and dams leak less significant ainonnts.or
impoundmerns overflow in heavy rains or floods.

In addition. both coal ash p<mds and landfills
of ten discharge coal ash-cont aminated waiers di-

rectly irno surfare water. In one documented case,

al lhe CS, Departinem of Energv's Savannah River
Project in South Carolina, a roal firecl power plam
transponed fly ash mixed with water to a series of
open seniing ponds. A coniinuous flow of that wa-

ier exiied the sentingponds and emered a swamp
lhai in inrn discharge(1 imo a creek. Toxicants
from the coal ash poisoned several t ypes of aquatic
animals inhabiting ihe weilands: Imllfrog tadpoles
exhibited oral deformiiies and impairedswimming
an(1 predatoravoidance abilities. and water snakes

showed nietabolic impacts.Accordingto the El¼.

ihe impactswere "caused hv releases from the ash

senling poixls? A inore common occurrence is

lhe permitted discharge ofash-laden water-often
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rontaining very bigh levels of arsenic,seleniuni,
and boron-directly into si reanis, rivers and
lakes. At the majorityof power plant.s, the permits
allowing these dischargescontain no limits on t.he

levels of heavy metals and other toxics that can be

released imo surfare water.

Far more common than a darn break is leaching of
onnaminantsfroni ponds ami landfills: i he pro-
cess hv which toxir materialsin coal ash dissolve

in waterand percobue through the can h. The dis-

solved toxies. called "leachate." can embmger pub-
lir heahh and the environmem hv coniaminating
surface water or gronmlwaier used for drinking
supphes. Leaching may be less speciacular than a

rupture, hnt it happenswit.h much greater frequen-

cv*and may cominne m release toxir subslances
imo lhe environmem for decades.

Leaching can exposepeople m dangerons toxi-
cams at levels above safe drinkingwaier slandards.
The amount of leaching that takes place at coal

ash storage facilities varies greally from place 10

place. rellecting the type of coal ash that is stored,
ns concentrauon aml acidim and ihe namre of the
disposal siie. As a result leachate concentralions
are differem in differem sites and vary for differem

elements.4The rate 01 leaching may be affected
bv a number of factors: the size of the disposal

pond, pond depth, and the amonm of pressure the

wame creates; i he imderlyinggeology (the ivpes

of soil and rock i hat lie underneaibr, the gradi-
ent or slope of the land; and how far hencaih the

pond or bottom of ihe landfill an aquifer or under-

grotuul streatn might lie. What most detennines

the amount of leaching is not ihe coah however,

hm i he rohnsmessof i he siorage site. The single

most important factor is whether the disposal site
is lined, wh h composhe liners being the mosi ef-

1eciive in keeping Ihe ash from contact with water.
Another essent ial safeguard is a leachaiecoller-
iion system ihai collecis the leachale that develops

and pumps the dangerouschemicalsback imo the

lined unin
Verified damage from leaching has occurredat

dozens of dump sites i broughout the UA, contami-
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nating drinkingwater, streams,and ponds anci kill-
ing wildlife. For example, in Gambrills, Maryland.
residential drinking wells were contaminmed aber
fly ash and bot tom ash from iwo Maryland pmver
plants were dumped iino excavated portions of
two unlined (Inairies. Groumlwaters;unples col-
lecied in 2006 and 2007 front residential drinking
waterwells near the site indicated comanunanon
wi1h arsenic, beryllium,cadmitun and lead, among
othersuspected "c<mstituents of concern." Testing

of private wells in H3 homes and businesses in ar-
eas around ilie disposal site revealed exceedanen
in 34 wells of MaxinmmContaminam I,evels, the
highesi level of a comaminam that is allowed in

drinking water." In November 2007, power plant
owner Constella1ionEnergysettledwith residents

of GambrillsIhr S54 niillion fiw poisoningwater
supplies with dangerouspoHut.ams.

01her documented cases of harm from leaching
are presented in section 3.

Ilu m» o <nai coh læ hat

As the discussion of pathways indiraies,dangerous
substances in coal ash can leach oui of disposal la-

rilities and expose hmnans io serious heahh risks.
A repori released by the El¼ in 2009 documemed
that many of those toxicanis leach at concemra-
lions high enough to seriouslyendanger human
health, The hudings reflected ihe EPNs adopilon
of" new and improved analytical procedures thai,
according to the El¼, are bener able lo deiermine
how much ioxic material would leach out of coal
ash and scrubbersludge." The EPNs conclusions
greal ly ahered our umlerstandingof the toxicity of
coal ash leachate.

The report analvzed 73 samples of'coal ask
wasic of differem types and analyzed the physi-
cal proper1ies, the content of elemems, and the
leaching characterislics. What the repori fùnnd
was that for some coal ashes and tuuler some

circumstances.1he levels of toxic rcmsinuents
leaching out of coal ash can be hundreds to
thousands of times greater than federal drink-
ing waterstandards. Several toxic pollniants,
including arsenir and selenium. leached in some
circumstancesat levels exceeding those which ihe

federal government delines as a hazardouswaste.
Ilere are some of i he mosi elevated readings t he

E E¼ observed:

? The highest leaching level for arsenic was
18,000 parts per billion (ppb). This amount is

1,800 times i he federal drinkingwaterstandard
aml over three t imes the level that defmes a

haza rdons waste.

? The concemrm.ion of antimony in coal ash leach

aie reached I I,000 ppb, also 1,800 ilmes the fed-

eral drinking waterstandard lbr this pollutam,

? For selenium. the highesi leaching level fotuul
hv i he El¼ was 29,000 ppb. a level that is 580

iimes the drinkingwaier standard, 29 limes the
hazardouswasie ihreshokl, and 5.H00 times the

waterqualiiy standard.

? The EÉ¼ ibund thai barimn could leach to the
level of 670ßOO pph, which is 335 1imes i he

drinkingwater standard and aimost seven times
the hazardous wasie threshohl.

? For chromium, the highest leaching level (bund
by the El¼ was 73 limes lhe federal drinking
waterstandard and more ihan I.5 times the
threshold for hazardouswasie."

Not only are i hese levels high enough to harm
human health, they are also many times higher

than i he leaching levels i hai the El¼ previously
reported: for arsenir, more than 76 times higher

than the highest levels reported and for antimony,
more than 916 iimes lhe earher levels." In short.
the new and more sensitive test shows far higher
levelsof lear h ing ofknown loxic substances.

The report notes 1har ihe leach test resuhs
represem a iheoretical range of the potential con-
centrations of toxics ihat might occur in Icachaies

raiher than an esiimateof the amonm of a toxic
that would acinally reach any given aquiferor
drinking wa1er well. h cautions that "comparisons

with regulatory healih values, particularly drink-
ing waiervalues, nms1 he done with caution.*

a
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Figure 2. Coal Ash is EVEN MORE TOXIC than Previously Thought
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I Iowever, i he new leach tesi s considera mimberof
factors that eadier tests didn't take into acconm.
These inchule the pH (aciditv) of the ash itself, the
acidity of i he environmem,and the varietv or oiber
conditions that coal ash encoumers in the fiehl

when il is disposedor recvcled.The El¼ noied
thai un evaluation using a single sei of assumptions
is insuf ficieni to reflen real-life conditions and
^will. m many cases, lead to inaccural.c conclu-
sions abom expected leaching in the field." With

a

the wider range of conditionsand values that the

new tests take into account, the El½ itself found
t hat lhe prediction of leachingwas done "with
much greater reliabiliiv.''" For these reamns, we

accept the new data as the basis for addressingthe

poiemial imparts coal ash has on hinnan health,

Even if" people are not drinking comaminated water,

their healih may be threatened if thev eat fish from
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waier sourcescomaminatedhv coal ash ioxiomis.
There are several paihways by which the water (and
lhe fish) c:m become contaminated: nmoff an<l ero-
sion; airborne ash particles that senle on ihe water;
contaminaied grounchvaler thai nugmtes uno sur-
face water; direct discharge of t oal ash runoIT due io
heavv precipiiaüon or flocxling; and direct discharge

of ash pond waterand huulfill leachate i brough
pipes from waste units. Once r he toxics are in the
water or sedimen1, lish can absorb ihem ihrough
their gills or by eating contaminatedfood sources
(algae, wonns, and other fish food sources have all
becu shmvn 10 absorb roal ash toxicamshpassing
these pollutants up the food chain to hmnans

A well documented case of ioxic fish cont ami-
naiion is thai of Belews Lake. Relews Lake. near
Winsion-Salem. Nonh Carolina. served as a cook
iog reservoir for a large coaldired power plant.
Flv ash produced by the power plant was disposed
in a settling basin, which releaseci schmium-
laden water back 10 the lake. Due to the selenimn
cOll la Inn lai tom

? 19 of the 20 fish species originally present in ihr
reservoir were entirelveliminated. includingall
the primarysport lish.

? Selenium fish impacts persis1ed for 11 years.

? Eight years afler t.he flow of selenium-hulen
water to i he lake was ended, the staie issued

a ÍÌsÌl adVisory for seleninlR, llr illg people lo
reduce their consump1ionof fish from Belews
Lake. The advisory remained in effeci for seven
luore vears.

? Adverse imparis to birds feeding on contami-
nated fish persist, decades after i he coal ash was

released imo t he cooling pond.

Coal ash also follows land and air pathways io
resuh in human exposure. Coal ash disposal op-
erations can generate dangerous quantiiievofair-
borne ash, due to mismanagemeniof both ponds
and landfills. Ash ponds in arid environments mav

?

be alknved 10 <lry, resuh ng in wind dispersion

of dried ash. Lamlf ills may noi be covered daily

m rapped, also resnhing in tmsafe levels of ash

blowing from the disposal site. Where coal ash is

used for till in cons ruction sites and engineering

a well as brough surface wmers. Windblown par-
rnlaces from drv disposal-so-called fugitive

and coa ash s spread or compacted.

threat arises from minute pariirles of dust known
as panicuhnemauer, which may he composedof
various substances.Airborne particles of f ly ash

Of panicular concern are lhe extremelvsmall par-
ides known as ¶ne particulatemaner (PM23)

ng the risk of cardiopuhuonart d sease Thev

ity ra e People whh pre-ex si ug chronic obstruc-

9
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are partirnlarly suscepiible to coal ash effecn. as

are people wil h type 11 diabelesmellints.M
When coal ash blows f rom dry storage sites.

parliculate mat1er can readily exceed the national
ambient air qualitystaiularcis (NAAQS) thïu exist
f >r levels of panirulate matter in the air. In ihe
l'PA s own words, l here is not only a possibilit y.

Inn a suong likelihoo(I that dry-handling lofcoal
ash l wonkl lead to i he NAAQS being exceeded
absem l'ugitive dust controls."* To compoutui the
problent. high background levels of particulaie
matter may add to the potential for fugiiive thist
frotu coal ash to lead to signihrant lumian
heahh risks.

nificam risks." adding thm "Fven m ihe median ri
vearly managemem leads io a PM10 concentmtion
almosi an order of magnimde above the NAAQS..

[li is even| "uncenain whetherweekly comrols
would have the potential to cause NAAQSex-

ceedences... only daily controls can delinitively
be said not to cause excess levels of pariiculates in

isolation? Yet as ihe EPA itself notes. many slates
do noi require daily cover 10 control ihgitive dusi

at coal ash landfills and most states do not regture
caps on coal ash ponds to control dust.""

Workersand nearhv residems run the risk of
being exposed to signilirant amounu of fugiiive
dust. Residenn hving near power plants. as well

Protective practices to control dust such as as workersm i he plam L may be sulject to expo-
moisiening dry coal ash or covering ii, can minimize sure io dust when coal ash is loaded. Residem s

roal ash dtunp shes, dus comrols are applied only to emissions during transponation. Residena

? quent prac ces o have he potemial to lead to sig- may be exposed boih during ash unloading and

?
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subsequemlydue rowindblown emissions. Dne COAL ASH REUSE: ADD1TIONAL
to muhiple routes of exposure, residents who live

near lamifills are likely to be exposed to more dusi
for kmger periods of time.

EXPOSURE AND PEAK CONCENTRATIONS

hi addition to being geographically widespread,
coal ash is also persistentover time, raising long-

ierm concerns and challenges in regard to health.
Chemicals move at different rates through grouml-
water, so when contammants leach oui of roal ash
disposal sites, some take longer than others m

reach places where they may expose hitmans to
risk. The EPA has conducted sophisticated mod-
eling to estimate how long leaching substarwes
would iake io reach their maxinmm concemra-
tions in well water. For unlined surface hnpound-
ments, the median averageyears um il peak well-
water courentrations wotdd occur is estimaied to
be 74 vears for selemum, M vears for arsenir. and
97 years for cobalt. In comparison, if the surface
impomulmentwere clay-lined, i he median aver-

age years until peak concentranonrises 10 90 years
for boron and selenium, 110 years for arsenic, and
270 years for robah. The comparable time periods
for these materials escaping from composiie-lined
units are in the ihousandsofyears.*

The implication of ihese projections is ihat coal
ash toxicamsare going to be wiih us-and with
our descetulants-for a very long iime, Because

manycoal ash contaminants are persisient in the
environment,they do noi disintegrate or lose their
toxicii y. They may be coniainedor may disperse
into the envirimment but they never really "go
away Thev remain in the environmem and con-
tinue to pose exposure risks for years, even genera-

tiont Unless coal ash disposal is required to coin-
ply with modern engineeringsafeguards,we ran
ex pect to see increased levels of human exposure
to coal ash toxics in ihe fumre. Taking a kmger
view, ihe persistence of coal ash toxics is a heahh-
based argument for reducingour relianceon roal
as a nicans of generating electricily.

PATHWAYS TO EXPOSURE

Approxiniately40 percent of coal ash is "recycled"
in engineering. manufacturing.agriruhural and
otherapplications rather than being disposed
Fly ash, which hardenswhen mixed with water

and limesione, can be used in inaking concreie.
Bonom ash is sometimes used as an aggregate in

road construction and concrete, aiul FGD gv

nm somelimessubstitutesfor mmed gypsum m

agriruhural soil amendmentsand in makingwall-
board. Ash is also used in structural fills and road

consiruction projects, spread as an anti-skid sub-

siance on snowv roads, and is even used as rinders
on school running i racks. And perhapsas imich
as 20 percent of the ioml coal ash genermed in the

U is dumped in mines as fill
This rerveling offers a signilicant economic

benefit to the miliiies and industries i hai generate

roal ash: i hey generate hwome from iis sale and

avoid costs of its disposal Ilowever,some (bnns ol
roal ash recycling raise heah h concerns, especially
where the ash is not "encapsulated that is, not
bound to other materialsand in a loose pariirnlate
or skulge fùrm, L nencapsulatedcoal ash when ex-

posed to waier is subjeci io leaching. This poses a

potemial problem in several forms of coal ash recy-

cling, such as when coal ash is sprinkledon snowy

construction pnnects, Other forms ofrecycling ap-

pear to adnimi/e the potemial threats to heahh.
Applications where i he ash is encapsulated (hond-

wallboardsceni io be t he most siable and least

likely io leach. I lowever i hese uses may still pose a

hazard to the construction workers who innst cut.

general fur her testing is needed on many lorms

ofroal ash recycling, especially ihe unenrapsulat-

e

a
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z. Evidence ofHarm:
The Damage Cases

he poleinial risk of coal ash to our
heahh ainl em·ironment is clear. P,ut is

the risk only theoretical?Or has coal
ash armallycaused harm in real people

in real commttnities?
The hnv requires the El½ to exainine docu-

mented cases of the disposal of coal combusiion
wastes "in which danger to luunan heahh or ihe

emironmeni has been proved Where proven
damage is found, the El¼ can require corrective
nicasures such as ch>sure of the miih capping the

unit installation of new liners, groundwater treat-

ment, groundwater monnoring,or combin;nions
of I hese measures. The EPA has fhrmally identilled
63 "proven aml potentiaF damage cases where coal
ash poison has comaminated drinking water, web
huids, creeks, or rivers In ;nklition,nvo nonprof b

org;mizations, Ear1hjusticeand ihe Éùnironmennd
ImegrityProject, using nionimring (laia and oiber
information in ihe files ofstate agencies. have docu-

memedan additional 70 cases shmvn to have r&msed

contamination This brings the total unmber of
damage cases m almusi 140, wiih more siill m he

investigated. In % of these cases, toxics are knmvn

io have migra1ed beyond ihe property belonging to
lhe mility company and into a nearby communiiy

The EPA does not make damage case determi-

nations lighdy. For "proven damage" to be (hund,

evidence must show one or more of the following:

? Toxics have been foundand measured in

ground water, at levels above heahh-based

st andards known as MaximumContaminant

Levels (MCUs). MCI s are the highest level of a

contaminani thai is allowed in drinking waier

and are enforceable sumdards "

? These toxies must be (hund at a distance from
i he waste storage unii "sulficient.. m indicate

thai hazardous constimentshave migraied i.o

i he exiem i hai ther could cause human heah h

concerns:

? A scieni ilir sindy has pDWided dorninente(i

evidenceof another type of damage to human
heah h or i he environmem;or

? An adminisirative ruling or couri decision

presents an explicit linding of specific damage

m hmnan heahh or ihe environment.

In addition 10 cases of "proven damage t he

EPA also recognizescases of "polential damage.
The EPA defines polential damage cases as "those

cases with documemedMCL exceedances"-
ioxirs levels exceeding t he allowable standard-
"tInn were measured in ground waier heneaih

or close to the waste source."® In these potential
damage cases. ihe associanon with coal combus-

tion wastes is eslablished, hm ihe hazardous sub-

slances have not migrated io the ex1eta thai they

could cause Inunan health concerns-vet.As lhe

earlier discussion of peak concemraiions indi-
cales, leaching from coal ash often continues for
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Figure 3- Coal Ash Groundwater and/or Surface Water Contamination Sites

years aint may endanger local residents vears or
even generations later,

Taken together, these requirementscre-
ate a high har for the designationof a damage

case-making it all the more disturbing that so
many damage cases have been identified.

Two-thirds of the proven damage cases show
damage to ground waier-a serious concern.
since ground water feeds drinking waier wells.
The leaching occurred at different types of
storage facilities: four unlined landfills, five

unlined surface impoundments, six unlined
saint and gravel pits, and one due m a liner
failure ai a surface impoundment This dem-

onstrates ihat unlined storage was far and away
the leadingcause of ground water coniamma-
tion. But even a lined siorage pond resuhed in
contammanon,m the case of an unanticipaied

faihire. I his is a small reminder that where
mxic substances are concerned,accidents do
happen, and may lead to ecologicaland healih-
i h reaten ing consecptences.

PROFILESOF SELECTED DAMAGE CASES

When a damage rase occurs, what does it look
like? What imparis does il have on local conununi-
ties? The majorit y of damage cases resuh not from
breakages, but from Icaching. This process is invis-
ible and gradual ofien occurringover a number
of years. h is detecied by monitoringand testing of

noi routinely conducied at most coal ash disposal

sites. The damage cases profiled here begin to tell
i he story of how coal ash imparis our heahh and

our envïronment.

a
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LEACHiNü f¯ROM DiSPOSAi. SiTES

From the mid-1950s in the mid-1970s, Virginia
Power olierated a disposal site for t he Yorktown
Power Station, storing fly ash froni coal aml petro-
leum roke in abandoned sand and gravel pits. Six

years after the last load of coal ash was disposed of,
area residems reporied thai ihe water in iheir drink-
ing wells had turned green. Studies found their
wells were coniaminated with nickel, vanadiimi, ar-

senir. beryllium, chromiinn,copper, molybdenum,
ami selenium. Filïy4ive homes had to be placed (m
public waier, as lheir well water was 100 dangerous

in drink. In addition, heavy rnetal contaminaiion
existed in ground waier arouml lhe flv ash disposal

areas, in onsite ponds, and in the sediments of a

nearhv creek. Six hundred feet of the creek had io
be relocaied io minimize contaci with the fly ash
disposal areas. even though years harl passe L This

site herame ihe ChismanCreek Superfund Siie,

which was listed on ihe nation's list of mosi polluted
Superfuml sites. the Nalional Prioriiles List (NPL)

? Wm;;iælm

At the PPL Momana Pmver Plant in Colstrip.
Momaira, leaking unlined coal ash pomls
contaminated drinkingwaterwells with high levels

of meials, boron, and sulfine. The communitylo-

cated near the power plam had to be supplied with
safe drinkingwat.er. The plume of comamina-
tion streichesm least a mile from the power plam.
affeciing ranchers far from the waste ponds.

Ai the WEPCO I lighway MI Landfill, f ly ash and
bouom ash were dtunped imo an ohl sand and

gravel pii. The facility was unlined and the under-
lying soil consisted of sands and gravel with minor
amontusof sik aml clay, believed to be relaiivelv
permeable, Contamination from t he facility ap-
pears to have migrated to off-site privme wells:
Groundwater nionitoring of tliose wells found

them to be comaminated with sulfale, horon,
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manganese, chloride, and iron ai levels above the
staie's I okwcememStamlardsand arsenir above
i he siate's Prevemive Action Level. State environ-
ment al officials considered this one of t he most

serionsivalTecied coal ash sites in Wisconsin.

.\i j }mh: 1.a mijij

A leaking dump comaining Ily ash, honom ash,

and other material genermed by the Dunkirk
Steam Station on Lake Erie contaminated drink-
ing waterwells wii h lead, a very poicin neuroioxi-
cant i hat can harm the developing nervons system

ai even low levels of exposure.
The landlill ownerwas required io cease receñ-

ing coal ash wasies. in conduri exiensive remedia-
lion, and to close the faciliiy. Posi-closure ground
water and surface water monitoring and mainte-
nance were expected m cominne for M years after
(inal closureof i he entire lacility

MNT ERiAl

I he Northern Indiana Public Service Corporaiion
(NIPSCO) deposited an estimmed 1 million tous

ol riv ash in Town of Pines, Indiana, The ash was

buried in a leaking landfill and used as construc-
iion 1111in the iown. where it comanunated drink-
ing water wells i broughoui t he town with toxic

chemicals, inchulingarsenic. cadmium, horon and

molybdenum. I Inndreds 01 residems were pm on

municipal water. antl Town of Pines was declared a

Superfund site.

A 216-acre golfrourse in Chesapeake,Virginia,
was buik using 1,a mdlion rubir yards of fly ash.

When groundwater ai i he golf course was tesied.

arsenir, boron, chromitun,copper, lead, and vana-
dhnn were detceted. indicating a poiential threat
to nearby residential drinkingwaier wells. As i he

contaminants had noi vei been deiecied off of the

site, i bis was classified as a potemial damage case?
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COALASH IMPACTINGLIVES: PORTRAIT OF R,G. HUNT

R. G. Hunt ilves in
Waterflow, New Mexico, on
land his family has owned
for four generations,As
the town's name suggests,
they drank from a fresh-

water well on the property.
and for years his sheep
grazed nearby and drank
from natural springs and
an arroyo (a dry creek bed
that runs during the rainy
season)-untilthe mid-

hair began to fall out, and
their eyesight worsened.
The chi}dren's teachers

reported that the kids also
had difficulty with simple
tasks of concentration and

comprehension.
For two years, the

farnily bought drinking
water and carried it
into their home until
they could afford the
connection fees for the

1970's.

In 1972 a utility company
built the San Juan Power
Plant next to Hunt's land

and began using the dry

arroyo to discharge their
wastewater.The company
also buried coal ash in

nearby dry streambeds, '- · 2
rather than building surface
impoundmentswith protective liners. Lacking
effectivecontainment, the ash leached into
underground aquifers, contaminating Hunt's
water with high revels of arsenic, seleniurn,
potassium.chromium, lead, sulfate. and other
toxicants.

"By 1975 after the dumping of the coal
ash began, my famHy started to get sick,"
Hunt toid the U.S. House of Representatives
Subcommittee on Energy and Environment
in formal testimony in December 2009. "I

was diagnosed with heavy metal poisoning
with extremelyhigh arsenic, iron, lead, and
selenium leveis. I lost nearly 100 pounds in less
than a year. I was so weak I couldn't stand or
work, and wasn't expected to live."

Hunt did survive, although he and his wife
suffered from indigestion, diarrhea, nausea,
and vomiting and had problems with mental
focus and comprehension,Their children also
had constant indigestion and diarrhea, their

public water system.
"Once we stopped using
the well," Hunt recounts,
"we began, slowly. to
improve" He, his wife, and
their kids had been sick
for more than ten years.

Hunt's animals suffered
as well. "I watched 1:400

sheep slowly suffer and
die from the lack of safe drinking water," he

told Congress."Within two years I lost my
entire sheep herd and took outside jobs,

rather than risk selling contaminated meat to
my customers."

In 1984 the EPA fined the utility company
and required it to line the ponds. However,
the utility arranged to bury their fry ash in

unlined pits in the neighboringSan Juan Coal
Mine. As a result, fly ash and scrubber sludge
continue to contaminate the Hunts' arroyo
and groundwater.

Hunt's closing words to Congress indicate
his deep disillusionment: "My experience is

that the energy industry cannot be entrusted
with innocent lives or to regulate themselves.
for the good of the community, in lieu of a

profit for their stockholders. I urge you to take
every measure available to you to prevent this
from happening to anyone, anywhere in our
nation, ever:again."5

a
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UN-WEDJC-¼BLEh/CI URES an<l contaminale the environment. An imlineil

Ai i he Uniied PowerCoal Creek Stat ion, a power
plam in Norib (hikota. surface impoumlmems
were buik widi protective linings. IIowever, lhe
linings of several impoundmemsdevelope(1severe
leaks within a few years of construction. Ground

waiermonitoring al the siie showed arsenic and
selenium in excessof healt h-hased levels, The slme
evelunally required that the poncls be relined with
a composiie liner

coal ash pond in Cartersville, Georgia, developed
a sinkhole ihai uliimatelv reached fhur acres and a

depth of30 feei. An estimated2.25 million gallons

of coal ash ancl waterwere released into the tribu-
I ary of a local creek, causinga temporaryarsenic
spike in a publicdrinkingwater source. Remedial

aciion followed, involvingdredgingcoal ash f rom
the creek.

ON1ùM:i SliON O! WAHR AND FiSH

n joih to pnh 1:e!!

Discharges from coal ash ponds poisoned fish

with high levels of selenium at ihree resermirs in
This sinkhole highlights the many wars in which Texas-and, through the fish. the selenium poten-
toxic substancescan escape from morage areas tially reached human beings. The reservoirs-ihe

COAL ASH IMPACTING LIVES: PORTRAIT OF GAYLE QUEEN

During the ten years that Gayle Queen lived financial security and her health. "My biggest
in GambrHis, Maryland, a small community monetary asset, my home, is worthless," she
south of Baltimore, a power company dumped stated. "I may have to file for bankruptcy." In
4.1 million tons of coal ash near her home.
Trucked in from another community, the coal
ash was deposited into an unlined sand and
gravel pit with excavations as deep as 80 feet.

The dumping created two problems. Ash
dust went airborne. meaning "we aH breathed
the dust in." according to Mrs. Queen. And
while there was supposed to be no contact
between the coal ash and surface or ground
water, dangerous chemicals did leach out
of the unlined pit, From 1999 through 2007,
tests showed that arsenic, iron, manganese,
and sulfate were teachingat dangerous levels,

eventually entering an aquifer that supplies the
community'sdrinking water and contaminat-
ing residents' private wells.

Mrs. Queen, who has a well at her home,
noted, "I rely on my well water to provide
cooking, drinking and bathing water

Because of the coal ash contamination,
Mrs. Queen fears that she has lost both her

addition, according to the 56-year-old Mrs.
Queen, "My doctor has told me I have the
lungs of an 80-year-old woman because of
breathing in the coal ash. 1am terrified about
my future health."

She also worriesabout the health of her

children and grandchildren."They drank the
water, bathed in it, brushed their teeth and
breathed in this dust. Will they get a disease,
too? No one can tell me for sure. But I do
know they never should have been exposed
to this stuff."

Mrs. Queen, testifying before the U.S.

Congress,called on the governmentto pre-
vent coal ash contaminationfrom happening

again, adding. "If the Environmental Protec-
tion Agency had the authority to require liners

and force power companies not to dump close
to drinking water systems, what happened to

me and my communitywould not happen to
anyone else.""
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Brandy Branch Reservoirin northeasiern 'lexas become pregnam not 10 consume any fish from the

along the Louisiamtbor<ler. llie Welsh Reservoir

northeast of Dallas, and the Martin 1.ake Reservoir

southeasi of Dallas-all received comamin;ue<l

rmi-off from power plams. In response to elevaied
levels ofselenium in fish in the reservoirs, the
Texas l)eparimemof I Iealih issued lisli consump-
tion advisories, in one case warning people to eat

no mm-e than eight olmees of fish from ihe res-

ervoir per week. Anotheradvisorvurged cliildren
timler six and women who were pregnaiu or might

resermir whatsoever.Thai aclvisoñ remainecl in

effeci l'or 12 vears

At ilie Departmen of Energy's Chesmut Ri<lge

Operable Unit 2 in Oak Ridge, Temicssee, coal ash

slurry was storetl in a pond creaied by building an

eanhen (lam acmss a creek. Constructecl to holcl 20

years' wori h of'ash.after only 12 years ii was fillnl

SCIENTIFIC STUDIESOF ECOLOGICAL DAMAGE FROM COALASH

Besides being documented
. banded water snakes, slider

in damage cases, the effects . turtles, barn swallowsand
of coal ash residues on wild- muskrats, Bullfrogsaccumulate
life have been the focus of both selenium and arsenic
published scientific studies. Exposure to coal a.sh con-
These studies show that coal taminantsmay lead to death
ash presents significant risks, or cause other, lesser effects.
especiallyto aquatic and semi- Coal ash toxicants often build
aquaticorganisms. Its effects up in animais' organs, including

Duck mbrps darnard by
rarïge fro.m producing physical the reproductiveorgans, where
deformities in fish and am- they can negatively influence
phibians, to wiping out ent.ire reproductive rates, Sublethal
populations.®l effects also include physi-

Plants and animals that inhabit coal ash- cai abnormalities that can influencecritical
contaminatedsites accumulate toxic ele-
ments, including arsenic,cadmium, copper,
and feed, sometimes in very high concentra-
tions. Among plants, high levels of accumula-
tion have been noted in algae (for copper):
arrowhead (copperand lead); cattaus (cop-
per), and sago pondweed (for arsenic and
chromium). Among invertebrates,plankton

behaviori such as feeding, swimming speed
and predator9voidancereflexes. In one
study," scientists raised Southern Leopard
Frog tadpoles on either sand or coal ash-
contaminatedsediment. Ninety percent of t.he

tadpoles exposed to the contaminatedsedi-
ment displayed abnormahtiesof the mouth
while none of the control individualsdid.

accumulate high levels of selenium; cad-
disflies of cadmium, chromiumand cop-
per; Asiatic clams of cadmium and copper;
crayfish of copper and selenium; crickets
of chromium: and earthwormsof arsenic,
chromium,and selenium. Moving up the food
chain, buHhead minnows, sunfish, largemouth
bass, and bluegill have all been documented
to accumulate high levels of seienium, as have

Contaminatedtadpoles also had decreased
developmental rates and weighed signifi-
cantly less, These and other abnormalitiescan
have a negative impact on population survival
rates. Coal ash contaminantscan also affect
the abundance,diversity and quality of food
resources, thus creating substantial indirect ?
effects that ripple up through food chains to
impacthigher life forms.
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SELENIUM

Scientific studies have shown that selenium
can have deva.statingimpacts on fish popula-
tions. Seleniumcan bioaccumulate in fish until
it is up to 5,000 times as concentrated in their
bodies as in the surrounding water,causing
anemia: heart, liver, and breathing problems;
and deformities.84

Because selenium concentrates in the volk
of developing embryos, stunting their devel-
opment and causing organ abnormalities in
the larval fish, it can contribute to death in

the affected fish and reproductive failure of
the local species population.85

These effects reflect the extremely high
levels of selenium found in coal ash. While 10

micrograms of selenium per liter of water-a
concentration of 10 ppb-can cause total
population collapse in a reservoir. coal ash
can produce leachate with selenium concen-
trations of 29,000 parts per biflion. a level

to wiibhi four feet of the inp of the dam. Once ihe
poml was full. sluny was released over the dam

directly imo the creek, resulting in comamination
of the creek. spring water and groundwaier with
oxics. The local creek was Lonnd to be under se-

vere stress, with no hsh populations in some areas
and downstream sunfish populations having high
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that is 580 times the drinking water standard,
29 times the hazardous waste threshold, and
5,800 times the water quality standard,"

in the coal ash-contaminated Belews Lake
in North Carolina. 19 of 20 fish species were
eliminateddue to selenium contamination.
Surviving fish ex-
hibited deformities
and serious patho-
logical problems?

l he photogwphshun
a spinaldepninig in

fish. aiiritmied to sele-

uhunfromvanlash.

percemages of delormed heads and eroded lins.
Elevated concentra1ions ol seleninm, arsenic, and
possibly thallium were found bi largemoinhbass.

Selenimu was also absorbed hv plants, crealing a

possible pathway to exposure for soil inverichrates

and small mammals. F.levated readings of arsenic,

selenium and lead were lbund in small mammals.*



4.Policy Implications

ecause of its arrav ofsevere effects
on burnan health and the environ-
ment, roal-across all of its life cvele.
including coal ash-musi be adrires·,ed

in a public health context. Use of coal is also an

ethical issue. Corporati<ms ihat burn coal and
generate coal ash musi not be free of responsibil-
ity for the consequences i hey unleash on Inmian
and enviromnentalhealth. Rather. coal's coniami-
nants must be handled in ways that minimize their
impacts on hinnan heahh and ihe planet. The

responsibility for that handling mus1 fall first un
those who prochice, utilize, dispose, and reuse coal
and its wasic products.

Becausecoal ash contains such high levels of
dangerous ioxies, iis disposal and reuse call lbr
high levels of prudence and care. From a heak h

and medical perspective, the siina1ion calls lor
applicationof the "precant ionary principle:' The
precautionary principle states that where an at t inn

risks causingharm to the publir or to ihe environ-
ment, the burden of proof that it is no/ harniful
falls on those who would take lhe aclion. In other
words, rather ihan waitinguntil harm has oc-
curred, we should require those who wam m use

ed

?

?

coal ash to demonstrate that the proposed use is

safe. It is the same principle applied by the Food

and Drug Adininistra1ionto keep our food supph
safe, amt it is a wise one to apply when dealing with
leaking, leaching, toxic substances,

In contrast to a classical risk assessmem

approach, which asks, "How much harm can

we toleraie;" t he precautionaryprinciple asks,

"What actions can we utke 10 prevem harm?
When we distribute arsenic, lead. mercury,
or selenitun into ihe environmem, we expose
ourselves and our children to coinpounds that
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rob ns all of our potential (br full developmem,

while also harming the much broader biolic

comiminity.Yet our tituy as heahh professionals
atul environmemalstewards inchules the
responsibilityto proteci Iwople from harm,
especially those who cammt protect themselves,
such as children. The precautionaryprinciple
supporis an approach m policy-makingthai
emphasizesour responsibilily to activelypromote
human and enviroinnemalheahh, for ourselves
as well as lbr future generations.

We have i he knowledgeand resoim:esto make
approprialedecisions to protect puhHc heah h anti
ihe envinmment, and therefore. the responsibiliiy
lo do so. Prudem. precantionary options available
that shouhl guide i he handling of coal ash inchule:

? Incorporatingthe best availableelemems of pre-
ventative hazard design in storage und disposal
hicilities. These inchide engineeredconiposite
liner systems, leachate collection systems, long-

term ground water inonnormg, and corrective
action (cleanupsiandards). il i bese systems fail.

? Phase out the wet storage of coal ash, the dispos-

al of coal ash in mines and tuiprotectedlandf ills,

and the disposal or rense of imencapsulatedash

where it is exposed m surface or groundwaier.

? Pursuing further independent research and
assessmem of coal ash recycling. Reuse of coal

ash should only be permitted when research
indicates that the ioxic chemicals in coal ash

will not migrate from lhe ash in quantities that
pose a threai to human heahh or the environ-
mem during i he entire lifervcle of t he reuse

applicmion,

? Panicularcare musi he taken m assess ihe
heahh and environmental impact of the unen-
capsulated use of coal ash before such uses are

allowed io continue.""This includes the rense

of coal combustion waste in agricubure and as

ami-skid material on roads. Large unencapsulat-
ed uses, such as unlined and unmonitored lills,
must be prohibited or treated as disposal siles

and be required to maimain all ihe necessarv

safeguards.

? Research is needed to determbie i he possible
beakh effects from coal combustionwasir on

workerswho are exposed to ash and sludge al

disposal facilities. construciionprojects and

manufacturingplants.

? ln view of the hmnenseamount of coal ash

generated in the ES. and its disposal and rense
in nearh everv staie and terriiory of ihe nation,
it is essemial that the ICPA enact federallt

enforceablesafeguardsthat proien the healih

and environmem of every citizen equally
and effeciivelv.
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