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ATMOSPHERIC CHEMISTRY
A Quick Overview

NARSTO. 2004. Particulate Matter Assessment for Policy Makers: A NARSTO 
Assessment.



EPA Report: Our Nation's Air - Status and Trends through 2008

Regional PM2.5 Speciation



Atmospheric Chemistry ςSulfate vs. 
Nitrate Formation

ÅIncreased humidity and solar radiation drive 
higher rates of sulfate formation in the 
summer

ÅLower temperatures and high humidity favor 
ƴƛǘǊŀǘŜ ŦƻǊƳŀǘƛƻƴ Ҧ ŦƻǊƳŀǘƛƻƴ ƎǊŜŀǘŜǊ ƛƴ ǘƘŜ 
winter and in the northeastern U.S.

ÅAs SO2 concentrations are reduced it is 
possible that nitrate formation may become 
more significant



REGULATORY BACKGROUND



Regulatory Background ςFederal Cap 
and Trade Programs for SO2 and NOx

ÅAcid Rain Program

ÅNOx Budget Trading 
Program (NOx SIP Call)

ÅClean Air Interstate 
Rule (CAIR)

ÅProposed Transport 
Rule

NOx SIP Call States

CAIR States



Acid Rain Program Emissions 
Reductions

EPA has phased in the program:

Å1995: !ƴƴǳŀƭ ŜƳƛǎǎƛƻƴǎ ŎŀǇ ƻŦ Ғ мл Ƴƛƭƭƛƻƴ ǘƻƴǎ

Å2000: New annual cap of 9.5 million tons

Å2010: New annual cap of 8.95 million tons

Source: 2009 Acid Rain Program Emission, Compliance, and Market Analyses Report



NOx SIP Call Emissions Reductions

ÅIn 2008, NOx Budget 
Program sources 
emitted 481,420 tons 
of NOx during the 
summer ozone season

ï62% below 2000 levels

ï75% below 1990 levels 

ï9% below the 2008 cap Source: 2008 NOx Budget Trading Program Emission, Compliance, 
and Market Analyses Report



CAIR Emissions Reductions

Includes a two-phase 
program with declining 
power plant emissions caps: 

ÅSO2 annual total emissions 
ŎŀǇǎ Ғ рΦф Ƴƛƭƭƛƻƴ ǘƻƴǎ ƛƴ 
нлмл ŀƴŘ Ғ оΦп Ƴƛƭƭƛƻƴ ƛƴ 
2015 

ÅNOx annual total emissions 
ŎŀǇǎ Ғ мΦс Ƴƛƭƭƛƻƴ ǘƻƴǎ ƛƴ 
нллф ŀƴŘ Ғ мΦо Ƴƛƭƭƛƻƴ ƛƴ 
2015

ÅEmission caps are divided 
into state SO2 and NOx
budgets

Source: 2009 CAIR Emission, Compliance, and Market 
Analyses Report



EMISSIONS TRENDS
Particulate Matter and Precursor Gases



Annual Emissions by Source Category 

Direct PM2.5 Emissions Direct PM10 Emissions

Point AreaNon-road MobileOn-road Mobile

Source: 1990-2008 National Emissions Inventory

Million Tons per Year



Annual Emissions by Source Category 
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Emissions from Stationary Sources:
Aggregate SO2 and NOx Emissions in the Southeast, 1980-2010

Source:  EPA Clean Air Markets Division (CAMD) Data



Regional SO2 Emissions Trends

Regional Monthly SO2 Emissions (Thousands of Tons/Month)

Percent change in emissions was calculated from interpolated values 
from a least squares linear regression of the annual regional total 
emissions.  Trend significance calculated using the Mann-Kendall test 
and a p-value of <0.1.

Data source:  US EPA Clean Air Markets Division



Regional NOx Emissions Trends

Regional Monthly NOX Emissions (Thousands of Tons/Month)

Percent change in emissions was calculated from interpolated values 
from a least squares linear regression of the annual regional total 
emissions.  Trend significance calculated using the Mann-Kendall test 
and a p-value of <0.1.

Data source:  US EPA Clean Air Markets Division



SO2 Source Emissions 2000-2010


