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Clean: adj, from Old English

1 a: free from dirt or pollution

b: free from contamination or disease



Environmental Human Health Paradigm
·Dec 1930: MenseValley, Belgium

·5 day fog ~ 63 deaths

·Oct 1948: Donora, PA

·Air inversion ~ 20 deaths ~ 1000 acute morbidity 

·Dec 1952: London, England

·Fog ~ 4000 deaths

·Epidemiological evidence of an association between PM and 
increased morbidity and mortality

·Harvard Six Cities Study1, American Cancer Societyõs Cancer 
Prevention Study2, Seventh Day Adventist Health Study3, National 
Morbidity, Mortality and Air Pollution Study4



·Particulate matter (PM), is a complex amalgamation of extremely 

small particles and liquid droplets, including nitrates, sulfates, 

organic chemicals, metals, and soil or dust particles

http://charlestoncleanair.com/images/point1micron_particles.jpg



Evidence of an Association between PM and 

Increased Mortality and Morbidity

· Increased total mortality1-4

· Increased cardio vascular mortality1-4

·Chronic coronary disease

· congestive heart failure

· ischemic heart  disease

·Cerebrovascular disease

· Increased sudden infant death (Taiwan)5

· Increased respiratory mortality
·Chronic obstruction pulmonary disease

· Pneumonia

· Acute lower respiratory disease

· Increased hospital and emergency room admission for:
·Myocardial infarction

· Ventricular fibrillation6

· Pulmonary infection7

· Asthma8-10

ÅMortality increases linearly with [PM]

ÅPM effects remain when control for 

co-pollutants (CO, NO2, SO2, O3)

ÅPM effects remain when control for 

season or weather

ÅBetter association with PM2.5 than 

PM10

Å For a 10 ug/m3 rise in PM2.5 in a 24 

acute event:11

Å 3.3% increase mortality chronic 

obstructive pulmonary disease

Å 4.0% increase mortality from 

Pneumonia 

Å 1.7% increase in all deaths



Waste Coal Defined
· Low-energy discards of the coal mining industry usually containing shale

·òCulmó ðanthracitic eastern PA waste coal

·òGobó ðBituminous western PA region

·Waste coal piles leach iron, manganese, aluminum, etc. into water systems

· But guess what does even more leaching of these pollutants?????

·Coal combustion wastes: FLY ASH!
· 14 of the 18 wastecoal power plants in the US are in PA (we bear the burden)

· 12+ are proposed

· Increasing removal of chemical and elemental masses from coal burning 
emissions ( a good thing and responsible for alleviating problems associated with 
acid rain) leaves 2 alternatives for mass exit---increasing levels of chemicals and 
elements in either wastewater and/or coal combustion wastes.

· They are proposing to puncture mine pools for water usage
·Many òdownstreamó effects on hydrology, drinking water, infrastructural 

integrity, eg. Roads, landslides, ground subsidence.



Major High Volume Constituents of 

CCW
Waste Type Description Chemical Constituents

Fly Ash Fine particulate residue 
collected in emission-
control devices. Comprises 
60% of high volume 
wastes.

Various elements, including 
As, Cd, Cr, Cu, Hg, Ni, Pb, 
Se, Sr, V, Zn. Most enriched 
in volatile elements
(e.g. As, B, Cl, F, S, Se).

Bottom Ash and Slag Fine and coarse grain 
residue remaining in the 
boiler following 
combustion.

Various trace elements, 
including As, Cd, Cr, Cu, Hg,
Ni, Pb, Se, Sr, V, Zn.

Flue Gas Desulfurization 
(FGD)
Wastes (Scrubber Sludge)

Fine grain residues 
removed from stack via 
addition
of limestone slurry to the 
flue stream.

Fly- and bottom ash 
constituents, often 
enriched in
Ca-S salts and carbonates.



Low Energy, More òDirtyó Stuff

· http://www.energyjustice.net/coal/wastecoal/



Mass Balance or Common Sense Test

·Burning waste coal does not get rid of the coalé 85% will 
remain as coal combustion solid wastes ~ 125million tons/yr

·Termed òtechnologically enhanced contaminationó
·Commonly associated with radioactive materials.

·Dec 13, 2007, Scientific American ðCoal Ash is More Radioactive than Nuclear 
Waste

òAnd when all food was grown in the area, radiation doses were 50 to 
200 percent higher around the coal plants than nuclear facilities.ó

http://www.scientificamerican.com/article.cfm?id=coal-ash-is-more-radioactive-than-nuclear-waste

· CCW effects in the southern toad (Bufoterrestris) have been extensively studied. 
CCW ash-exposed toads exhibited elevated levels of 11 of 18 metals measured. 
Increases ranged from 47.5% for lead to more than 5000% for arsenic (Ward et 
al., 2009). 
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2006 Total Mercury Emissions from 

EPA Listed TRI Database using IDW
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