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�The pla y came to a happ y ending this w eek when American Electric

P o w er (AEP), one of the nation's la rgest utilities, agreed to sp end

gobs of money to settle a New Source Review la wsuit and cut

p ollution from 16 coal-�red p o w er plants in �ve states.

A t $4.6 billion fo r the cleanup, plus $75 million in spa re change fo r

p enalties and mitigation p rojects, the Environmental Protection

Agency sa ys the consent decree is the la rgest single environmental

settlement in American histo ry .

EP A, one of the plainti�s, estimates that p ollution controls will k eep

mo re than 800,000 tons of NO X and SO X out of the air.

NO X and SO X (that's nitrogen and sulfur o xides), emitted b y coal

combustion, a re bad acto rs that �ll the air with unhealthy pa rticulate

matter, ugly haze, and acid p recipitation that ha rms lak es and fo rests.

EP A estimates that the public health b ene�ts of reducing airb o rne

gunk from the AEP plants will b e w o rth $32 billion in avoided health

ca re costs.�

The Daily Green blog - Oct. 12, 2007
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Pollution - �Occurs when an excess of a substance generated b y human activit y is

p resent in the wrong environmental lo cation.�

1

Acid Rain - Rain with an acid content in excess of that found naturally . The pH

will b e less than 5.6.

1 Synder; C:" T heExtraordinaryChemistyofOrdinaryT hings " ; 4th Edition; 2003; JohnW il

pH scale
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http://www.thedailygreen.com/environmental-news/blogs/republican/7800


Red Cabbage
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The ea rliest pH indicato rs came from natural plant sources, such as red cabbage.

pH Indicato rs
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The pH of a solution can often b e determined very quickly b y addition of an

indicato r that changes colo r dep ending on the solution pH.

W eb Sites
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The follo wing w eb sites give excellent, easy-to-read intro ductions to causes and

e�ects of acid rain.

� Annenb erg Media Lea rner.o rg - Online T extb o ok

� U.S. EP A site

� U.S. Geological Survey site

Sources of A cid Rain
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A cid Rain is a result of comp ounds reacting with w ater in air to p ro duce acidic

sp ecies.

� CO 2 - A natural p ro duct of respiration. Increased levels due to combustion.

Results in mildly acidic rain.

� SO x - Naturally p ro duced during volcanic eruptions. Man contributes

signi�cant quantities. ~2/3 man-made SO x from p o w er plants (coal-burning).

� NO x - Mino r amounts p ro duced naturally . ~1/4 from p o w er plants. Signi�cant

amounts from ca rs, ...

A cid Rain Cycle
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Ho w Stu� W o rks w ebsite

Natural A cidit y
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CO 2 + H 2 O �! H 2 CO 3 (ca rb onic acid)

H 2 CO 3 
 H

+

+ HCO 3
�

Dissolution of ca rb on dio xide in w ater lo w ers pH from 7.0 (neutral) to � 5.6

http://www.learner.org/channel/courses/envsci/unit/text.php?unit=11&secNum=7
http://www.epa.gov/acidrain/
http://bqs.usgs.gov/precip/reports/arfs.htm
http://science.howstuffworks.com/acid-rain.htm


pH Measurements - 1994
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T ak en from Natl. A tmospheric Dep osition Program

pH Measurements - 2000
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T ak en from Natl. A tmos. Dep osition Prog.

pH Measurements - 2006
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T ak en from Natl. A tmos. Dep osition Prog.

pH T rend: 1994 - 2006

Dr. Ea rley Chemistry in Our W o rld � 16 / 44

T ak en from Natl. A tmos. Dep osition Prog.
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Problems
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While the p roblem of acid rain app ea rs to b e 'solved', w e need to continue to

enfo rce existing regulations to k eep our air clean. A cid rain has detrimental e�ects

on many a reas, including:

� Lak es - Fish and other aquatic life dies.

� F o rests - T rees w eak en b y acid rain.

� Materials - Ma rble and Limestone esp ecially susceptible.

http://nadp.sws.uiuc.edu/isopleths/maps1995
http://nadp.sws.uiuc.edu/isopleths/maps2000
http://nadp.sws.uiuc.edu/isopleths/maps2006
http://nadp.sws.uiuc.edu/isopleths/


Lak es & Fish
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T ak en from U.S. EP A site.

F o rests
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Ohio Citizen

See also U.S. EP A site.

A cid Leaching
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While acid rain can directly ha rm vegetation, a mo re common p roblem is the fact

that acidic w ater can leach nutrients from soil, robbing plants of necessa ry supplies.

Univ. Cal. Riverside Press release

Structures
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Calcium ca rb onate (calcite, a p rincipal comp onent of ma rble and limestone)

dissolves in acidic solution. A cid rain increases the rate that structures made from

these materials will w eather.

The USGS has p repa red a �eldguide , illustrating the e�ects of acid rain on va rious

histo ric sites in the W ashington, D.C. a rea .
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SO x Emissions
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Clean Coal site

http://www.epa.gov/airmarkets/acidrain/effects/surfacewater.html
http://www.ohiocitizen.org/campaigns/coal/gov_puco.html
http://www.epa.gov/airmarkets/acidrain/effects/forests.html
http://www.newsroom.ucr.edu/cgi-bin/display.cgi?id=257
http://pubs.usgs.gov/gip/acidrain/fieldguide.html
http://www.clean-coal.info/drupal/plattsmaps


Ambient SO 2
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EP A CASTNET maps

1989 2006

Dep osited Sulfate
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EP A CASTNET maps

1989 2006

Sulfate: 1994-2006
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T ak en from Natl. A tmos. Dep osition Prog.

1994 2006

Sulfate Conclusion
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A tmospheric SO x concentrations falling.

� EP A Regulation of p o w er plants (pa rticula rly coal-�red plants) app ea rs to b e

successful.

Ambient NO x
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EP A CASTNET maps

1989 2002

Ambient NO x - Recent
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EP A CASTNET maps

1989 2006



Dep osited Nitrate
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EP A CASTNET maps

1989 2006

Nitrate: 1994-2006
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T ak en from Natl. A tmos. Dep osition Prog.

1994 2006

NO x Conclusion
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A tmospheric NO x concentrations app ea r to have fallen signi�cantly in the past

several y ea rs.

� Regulation ha rder due to multiple sources.

Animations
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The �National A tmospheric Dep osition Program� has p repa red a numb er of

animations sho wing trends in SO 4 , NO 3 , and NH 4 fo r the past � 10 y ea rs.

Animated Maps

Legislation
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United State A cid Rain Program

� Title IV of 1990 Clean Air A ct

� Phase I: 1995-1999

� Set reduction goals to b e met b y 2010

Results to date

� Signi�cant reductions in SO 2 emissions

� Some reduction in NO 3 emissions observed

� �Insigni�cant� during Phase I

� Considerable recent p rogress

'Solutions' to A cid Rain
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� Removal of p ollutants from current fuels

� Imp rove e�ciency of fuels

� Energy Conservation

� Use of alternate energy sources



Ammonia

Background

A cid Rain Concerns

Data T rends

. Ammonia

Dead Zone

Mechanism

Ambient Ammonia

Dep osited

Ammonia

Ammonia:

1994-2006

W ater Risk

Conclusions

Dr. Ea rley Chemistry in Our W o rld � 37 / 44

Dead Zone
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NASA Rep o rt

Mechanism
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Ammonia used as a fertilizer fo r crops. Phosphates ma y also pla y a role.

Runo� from �elds eventually reaches Gulf of Mexico.

Plankton thrive in nitrogen-rich (and phosphate-rich) w ater.

When plankton die, bacteria cause plankton to decomp ose.

Bacteria thrive, using up o xygen.

Ambient Ammonia
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EP A CASTNET maps

1989 2006

Dep osited Ammonia
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EP A CASTNET maps

1989 2006

Ammonia: 1994-2006
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T ak en from Natl. A tmos. Dep osition Prog.

1994 2006



W ater Risk
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U.S. Geological Survey

Conclusions
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Given the rep o rted data, the follo wing conclusions a re generally accepted:

� SO x emissions a re decreasing

� NO x emissions mo re di�cult

� F o r �rst 10 y ea rs, remained roughly constant

� Recent measurements sho w signi�cant decreases

� Ammonia

� Measurements not consistent.

� A tmospheric ammonia app ea rs to b e decreasing.

� W et ammonia dep osition steady to increasing.
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