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Pollution in the form of acids and acid‑forming 
compounds such as oxides of sulfur (SOx) and oxides of 
nitrogen (NOx) can deposit from the atmosphere to the 
Earth’s surface. Figure 30 illustrates how this deposition 
can occur through rain or snow (wet deposition), clouds 
or fog (occult deposition), and gases and particles 
(dry deposition). Nitrogen and sulfur interactions in 
the environment are highly complex:  while both are 
essential nutrients for growth and productivity, excess 
amounts of either nitrogen or sulfur can impair the 
structure and function of ecosystems.  

Some of the most serious impacts of excess nitrogen 
and sulfur are acidification and nutrient enrichment—
an increase in nutrients available in the ecosystem.  
This process is known as eutrophication in aquatic 

ecosystems. Eutrophication involves excessive plant 
growth and decay, which can lead to a lack of oxygen, 
impairment of water quality, and damage to fish and 
animal populations. Acidification causes a cascade 
of effects in terrestrial and aquatic ecosystems such 
as slower plant growth, injury or death of forest 
vegetation, and localized extinction of fish and other 
aquatic species. In some ecosystems, excess sulfur also 
contributes to increased mercury methylation—the 
transformation of mercury emissions into a highly toxic 
form of mercury associated with a range of adverse 
effects in humans and animals. Sources of mercury 
emissions include coal combustion, municipal and 
medical waste incineration, and mining of metals 
for industry. More information about EPA’s mercury 
program can be found at http://www.epa.gov/mercury.

Figure 30. Nitrogen (N) and sulfur cycling and interactions in the environment.
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TRENDS IN ATMOSPHERIC DEPOSITION
In recent decades, acid deposition in the U.S. has 
declined significantly. Between 1989‑1991 and 
2006‑2008, wet sulfate deposition decreased over 
30 percent in the Northeast and Midwest, as shown in 
Figure 31. In addition, wet nitrate deposition decreased 
by about 30 percent in the Mid‑Atlantic and Northeast 
and 20 percent in the Midwest. These reductions have 
led to the improvement of water quality in lakes and 
streams.

Most of these improvements are due to reductions 
in SO2 and NOx emissions from electric utilities and 
industrial boilers. The Acid Rain Program and the NOx 
SIP Call in the East have led to significant reductions 
in SO2 and NOx emissions.

•	 SO2 emissions from Acid Rain Program sources 
have been reduced by more than 8 million tons 
from 1990 levels, or about 52 percent. Compared 
to 1980 levels, SO2 emissions from power plants 
have dropped by almost 10 million tons, or about 
56 percent. In 2008, annual SO2 emissions fell by 
over 1,300,000 tons from 2007 levels.

•	 NOx emissions from sources subject to the NOX 
SIP Call program have been reduced by about 
4 million tons from 1990 levels so that emissions 
in 2008 were less than half the level anticipated 
without the Acid Rain and NOx SIP Call 
programs.

Despite significant progress, acid deposition remains 
a challenge for many areas of the country. Deposition 

Figure 31. Three-year average deposition of sulfate (wet SO4
2-) and nitrate (wet NO3

-) in 1989-1991 and 2006-2008 in kg/ha. 
Dots show monitoring locations. (Data source:  National Atmospheric Deposition Program, http://nadp.sws.uiuc.edu)
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of both nitrogen and sulfur is generally higher in the 
eastern U.S. than in the West. Fossil fuel combustion 
and nitrogen fertilizer use contribute to relatively 
high rates of nitrogen deposition in the East, with the 
Midwest and Northeast generally experiencing the 
highest levels of deposition. In the East, deposition 
exceeding 18 kg sulfur per hectare per year occurs near 
some SO2 sources, with high deposition particularly 
notable along the Ohio River Valley extending across 
Pennsylvania.  

EPA is currently conducting a joint review of the 
NOx and SOx secondary standards and looking at the 
relationship between acid deposition and ecological 
effects such as acidification and eutrophication. This 
review, which is scheduled to be completed in 2012, 
will address residual acid deposition in the U.S. Because 
NOx , SOx , and their associated transformation 
products are linked in terms of both atmospheric 
chemistry and environmental effects, a joint assessment 
of the scientific information, associated risks, and 
standards is essential to ensuring appropriate 
environmental protection.  

A t m o s p h e r i c  D e p o s i t i o n

DEPOSITION OF AIR POLLUTANTS TO THE CHESAPEAKE BAY

The Chesapeake Bay’s airshed is an area containing air 
pollutant emission sources that contribute 75 percent of 
nitrogen deposited into the Bay and its watershed. Defined in 
this manner, the Chesapeake Bay airshed is about 570,000 
square miles, or seven times the size of the watershed. 
Nitrogen and chemical contaminants from air pollution, 
such as mercury and polychlorinated biphenyls (PCBs), 
contribute to poor water quality in the region. Air pollution 
is generated by a variety of sources including power plants, 
industrial facilities, farming operations, and highway vehicles 
and non-road engines. About 34 percent of the amount of 
nitrogen added to the Bay and its watershed on a yearly basis 
(loading) comes from atmospheric deposition.

National air quality control programs for both stationary and 
mobile sources, including the Clean Air Interstate Rule, the 
Tier-2 Light Duty Vehicle Rule, the Non-Road Engine Rule, 
the Heavy-Duty Diesel Engine Rule, and the Locomotive/

Marine Engine Rule, are reducing nitrogen emissions 
and, therefore, nitrogen deposition onto the Bay 
and watershed. Data from 30 long-term monitoring 
sites within the Chesapeake watershed (National 
Atmospheric Deposition Program and Atmospheric 
Integrated Research Monitoring Network) show 
a decrease of about 30 percent in nitrate and 
ammonium deposition from 1985 to 2005.

EPA estimates that by 2020, nitrogen deposition to the 
Chesapeake Bay will decline 46 percent from 1985 
levels.

Chesapeake Bay airshed

Sources of nitrogen loading to the Bay


