IF YOU HAVE ACCESS TO THE INTERNET, YOU MAY READ THE FOLLOWING SECTION ONLINE AT 

http://www.epa.gov/region1/eco/acidrain/intro.html
http://www.epa.gov/region1/eco/acidrain/causes.html
http://www.epa.gov/region1/eco/acidrain/reducing.html
http://www.epa.gov/region1/eco/acidrain/measurement.html
http://www.epa.gov/region1/eco/acidrain/future.html
Introduction



Acid rain is rain with a higher concentration of positively charged atomic particles (ions) than normal rain. Acid rain and its frozen equivalents, acid snow and acid sleet, are part of a larger problem called acid deposition. Acid deposition also includes direct deposition, in which acidic fog or cloud is in direct contact with the ground; and dry deposition, in which ions become attached to dust particles and fall to the ground.

On this website, unless otherwise indicated, the term "acid rain" will refer to all types of acid deposition.

Acid rain is one type of atmospheric deposition. Atmospheric deposition includes any precipitation, airborne particles or gases deposited from the atmosphere to the Earth’s surface. Other forms of atmospheric deposition may also be by wet or dry methods. Much of the material in atmospheric deposition may be a nuisance, but does not harm the environment. Some air pollutants, such as those in acid rain, can cause environmental problems. Over many decades, the combined input of contaminants to sensitive environments can lead to widespread environmental problems. Most smaller particles with a diameter of 10 microns (.004 inches) or less are too light to be deposited, and so remain in the atmosphere where they can cause health problems. They pose a different problem, and are regulated as particulates, or PM.

Acid rain occurs when sulfur dioxide and nitrogen oxides are emitted into the atmosphere, undergo chemical transformations and are absorbed by water droplets in clouds. The droplets then fall to earth as rain, snow, or sleet. This can increase the acidity of the soil, and affect the chemical balance of lakes and streams. Decades of enhanced acid input has increased the environmental stress on high elevation forests and aquatic organisms in sensitive ecosystems. In extreme cases, it has altered entire biological communities and eliminated some fish species from certain lakes and streams. In many other cases, the changes have been more subtle, leading to a reduction in the diversity of organisms in an ecosystem. This is particularly true in the northeastern United States, where the rain tends to be most acidic, and often the soil has less capacity to neutralize the acidity. Acid rain also can damage certain building materials and historical monuments. Some scientists have suggested links to human health, but none have been proven. 

Acidity is measured on the per-hydrogen, or pH scale. This is a measure of the concentration of positively charged ions in a given sample. It ranges from 14 (alkaline or negatively charged ions) to 0 (acidic or positive ions). Pure water has a pH of 7 (neutral). Most rainwater is slightly acidic (pH about 6). A change in the pH scale of one unit reflects a tenfold (10X) change in the concentration of acidity. Generally rain with a pH value of less than about 5.3 is considered acid rain. As the map below shows, most of the rainwater which falls in the eastern United States has a pH between 4.0 and 5.0. This is generally lower (more acidic) than the national average. 





Causes of Acid Rain



Two elements, sulfur and nitrogen, are primarily responsible for the harmful effects of acid rain.Sulfur is found as a trace element in coal and oil. When these are burned in power plants and industrial boilers, the sulfur combines with oxygen to form sulfur dioxide (SO2). Because SO2 does not react with most chemicals found in the atmosphere, it can travel long distances. Eventually, if it comes in contact with ozone or hydrogen peroxide, it can be converted to sulfur trioxide. Sulfur trioxide can dissolve in water, forming a dilute solution of sulfuric acid. 

Nitrogen makes up about 78% of the atmosphere. When heated to the temperatures found in steam boilers and internal combustion engines, it can combine with oxygen from the atmosphere to form nitrogen oxide and nitrogen dioxide (NOx). NOx is the sum of nitrogen oxide and nitrogen dioxide in a given parcel of air. These can dissolve in water, forming weak solutions of nitric and nitrous acids.

NOx and SO2 can come from natural or human made (anthropogenic) sources.

Volcanoes and sea spray are typical natural sources of SO2. Lightning is the most common natural source of NOx. Contributions from natural sources are generally small compared to those from anthropogenic sources.

EPA classifies the sources of anthropogenic emissions of pollutants into 3 groups: point (or stationary) sources, area sources, and mobile sources. Point sources include factories, power plants, and any other large "smoke stack" facilities. Area sources consist of smaller facilities which occur in greater numbers. These include residential heating equipment, small industry, and other categories in which it is impractical to analyze each individual emission source. Mobile sources include anything that can move. They can be divided into on-road sources (including cars, trucks, buses, motorcycles, etc.) and non-road (tractors, snowmobiles, boats, airplanes, lawnmowers, etc.). 

Point sources emit the largest amount of SO2. Of these, coal fired power plants are the highest emitters. The Brayton Point Station in southeastern Massachusetts is the largest point source for SO2 in New England. In 2006, 16 units at 8 facilities emitted a total of 82,129 tons of sulfur dioxide.

The following charts show how much each group contributed to emissions of NOx and SOx (SO2) in New England in 2002. 

	





Once SO2 and NOx have been released into the air, they can be transported by the wind. The prevailing winds above most of the United States flow from west to east. Storm systems and other meteorological events may alter this flow. The final effects of these pollutants may occur as much as 1000 miles from where they were released. Eventually, these elements will dissolve in water droplets, and be converted into nitrate and sulfate ions. In this form, they may return to earth through acid deposition. Acid deposition occurs when these ions are deposited to the ground. It may be in the form of wet deposition, either indirect (acid rain, acid snow) or direct (acid fog), or dry deposition.

Prior to the mid 1990s, most scientists felt that the most common for method of acidic deposition was by rain and other forms of wet deposition. This is the most visible, and best understood means of deposition. It is easy to measure, and it effects are most obvious. Acid snow tends to carry less acidity per unit of water, since the chemistry is slower in cold weather, but since snow accumulates over the course of a season, when it melts, it releases a surge of acidity. At higher altitudes, direct deposition can occur when clouds descend to the surface. This can cause a severe problem because it may last for hours. 

Dry deposition occurs when sulfate or nitrate ions do not dissolve in water, but rather fall to the surface as small particles or go directly from gaseous form in the atmosphere to soil or water. Unlike wet deposition, dry deposition is not easily measured. Very little falls at one time or at one location, but since dust is constantly settling to the Earth's surface, and the atmosphere is constantly in contact with the Earth, it can potentially have a large impact. As we have learned more about it, we realize it is an important part of acid deposition, and as the amount of acidity in rain decreases, dry deposition has become a more prominent route for deposition. Dry deposition now accounts 20-60% of the total deposition.

Reducing Acid Rain



Reducing emissions of SO2 and NOx is necessary if we are to reduce acid deposition. The first attempts at reducing SO2 took place in 1936 at the Battersea Plant in London, England . In recent years, we have made considerable progress in finding ways to reduce emissions of both SO2 and NOx.

There are two principal methods for reducing sulfur emissions at power plants and other facilities that burn coal or oil: fuel switching and scrubbing. Fuel switching means using coal or oil which contains less sulfur, or switching to fuels such as natural gas which have little or no sulfur. Scrubbing means removing sulfur by electrostatic, or chemical (wet or dry scrubbing) means. Electrostatic involves placing electrically charged plates, called electrostatic precipitators, inside the industry’s stack. These attract the positively charged sulfur particles to the surface. The surface is periodically cleaned, removing the sulfur before it gets into the air. Wet scrubbing means injecting water or a chemical solution into the exhaust gases. Dry scrubbing involves a chemical such as lime, which reacts with the gases without the use of water. The sulfur will react with the water or chemical and fall out. All types of scrubbing do pose a problem; we must find an environmentally acceptable way of disposing of the sulfur after we have removed it.

There are several methods of reducing NOx emissions. Some are mechanical: changing the ratio of air to fuel, or changing the temperature of the combustion. The cooler the flame is, the less NOx the furnace gives off. Others are chemical: injecting chemicals such as ammonia, which will react with the NOx and convert it back into nitrogen and oxygen.

EPA's Acid Rain Program has given the Utility Industry a reason to reduce SO2 and NOx emissions. This program was established by Title IV of the 1990 Clean Air Act Amendments. It set a cap on the amount of SO2 power plants can emit. The program also addressed NOx emissions, but only set maximum emission rates based on the type of boiler.

The Acid Rain Program focused on power plants, the largest single source of SO2 emissions, and a major source of NOx emissions. The plants affected by the program submitted permit applications explaining how they planned to comply with the program. EPA issues permits to each facility. The program also requires the use of continuous emissions monitors (CEMs) which measure their emissions and transmit the information directly to EPA.

A unique element of the program is its use of emissions trading as a compliance option. Although the national cap on emissions limits the total SO2 released into the air, companies may decide the most cost effective method. Each plant is assigned a number of "allowances," based on their average annual SO2 emissions during the period from 1985 to 1987. These could be bought, traded, sold, or held. At the end of the year, each facility has to surrender one allowance for each ton of SO2 it emitted. EPA set up an allowance tracking system, and also set up auctions and direct sales to enable plants which were not assigned allowances to obtain those they needed to operate. In 1990, the 263 units designated as part of the Phase I program emitted 10.0 million tons of SO2. In 1995, the first year in which the units were required to comply with Phase I of the program, they reduced their emissions to 5.3 million tons. This is a 47% reduction in emissions over 5 years. 

Phase II of the program began in 2000. It affects more power plants, and gives all of the plants fewer allowances. Merrimack Station in New Hampshire had 31343 allowances per year in Phase I. They have 13530 allowances in Phase II. This will lead to further reductions in SO2 emissions.

The SO2 cap and allowance trading system proved successful, and is now being used or considered for use to regulate several other pollutants, including NOx and carbon dioxide.

The Acid Rain Program also monitors and limits emission of NOx. In New England, the Acid Rain NOx rules have not had a noticeable effect, because other programs have imposed more stringent limits. 

The Acid Rain Program also promotes the use of renewable energy and energy conservation. Some allowances were set aside to award to companies which encouraged residential, commercial, and industrial conservation or used certain forms of renewable energy. Six New England companies were awarded 4186 allowances for energy conservation and for using biomass and landfill gas as a source of energy. Allowances are also available for solar, wind, and geothermal energy.

New England States have also been active in the fight against acid rain. Prior to 1990, Massachusetts and New Hampshire had passed laws limiting the emissions from power plants. In 2001, Massachusetts adopted regulations that will further limit emissions from large power plants by as much as 75% of SO2 and 50% of NOx. Connecticut has adopted regulations that will further limit emissions by as much as 50% of the SO2 and 30% of the NOx currently being emitted. 

The United States has been working with Canada to reduce transboundary effects of Acid Deposition. A bilateral Air Quality Agreement was signed in March 1991. The third biennial report, published in 1996, focused on the progress made by the United States and Canada in achieving emissions reduction goals. Their 2006 Annual Progress Report (PDF) (84 pp, 2.7MB, about PDF) reported that both countries have made progress in reducing emissions which lead to acid rain. The Integrated Atmospheric Deposition Network (IADN) was established in 1990 to collect data that can be useful in assessing the relative importance of atmospheric deposition. The IADN program will establish a database for atmospheric deposition data in both countries. 

Acid Rain Measurement



In the 1970s, we realized the importance of monitoring the acidity of rainfall. The National Atmospheric Deposition Program (NADP) was formed in 1977 to investigate and measure acid deposition. There were 22 stations nationwide in 1978. Currently, the National Trends Network, which now conducts measurements for NADP, has nearly 220 stations. Each station collects a sample once a week. Samples are collected in a container. This container is covered until rain begins. The presence of water automatically opens the container, and it remains open until the rain stops. These samples are analyzed and sent to a central location. The data go into a database which now stores data from over 20 years, and gives us a feel for how acidity varies with location, and also the trend over this period. This picture above shows a typical acid rain monitor. The container on the left represents an attempt to measure dry deposition. When precipitation begins, a sensor causes the cover to move from the right container to the left. Rain water will then collect in the right container.

Dry Deposition is difficult to measure directly. There have been attempts to use a method similar to that for wet deposition, but it usually takes too long to cover the collector when rain starts. It takes only a few drops of rain to contaminate a dry deposition sample. The Clean Air Status and Trends Network (CASTNet) calculates dry deposition using atmospheric conditions, meteorological data, and information on land use, vegetation, and surface conditions.

Other programs have looked at changes in the acidity of lakes, streams, and soil. Monitored data for some lakes are available from as early as 1980. Facilities such as Hubbard Brook in New Hampshire have been measuring the acidity of streams and lakes on their 7800-acre property. They also have looked at soil chemistry and effects on the entire ecosystem. 

In addition to specific efforts to measure acid rain, EPA maintains monitoring networks for monitoring SO2 and NO2 in the air for other programs. Although these program are not intended to consider acid rain, they do give us an idea of the amount of these chemicals in the air at certain locations. 

Future Efforts



While we have made progress in reducing the acidity of rainfall, and are beginning to see positive effects in our environment, it is not yet possible to declare victory. We still must continue to reduce our emissions of atmospheric pollutants. Clean fuels, renewable energy and increased efficiency are important ways to reduce our dependance on coal and oil as a source of energy.

Fuels such as natural gas and wood chips emit fewer acid rain causing pollutants per unit of electricity. By converting some of our existing plants to run on these fuels, and building new facilities that can replace some of our older, less efficient plants, we can generate electricity with fewer emissions.

Renewable energy sources such as wind, hydroelectric, and solar are contributing to cleaner air in New England and slowing the region’s increase in fossil fuel consumption. Some states are calling for increasing amounts of electricity from renewable resources. Wind power, in particular, has become a more important source of electricity due to the fact that its costs are now similar to that of traditional fossil fuel resources. 

Conservation programs such as EPA's Energy Star, Green Buildings, and the New England Community Energy Challenge will help us reduce the demand for electricity. ENERGY STAR identifies products that are more energy efficient. Green Buildings encourages the planning and construction of more energy efficient buildings. Recently, in New England, EPA launched the New England Community Energy Challenge, a municipal energy efficiency program. For more information on these programs, please visit their websites. Programs such as these enable us to get the maximum benefit from the electricity we must generate. 

Cleaner fuels, renewable sources of energy, and conservation programs will help us conserve energy. The result will be a cleaner environment, and this will benefit all of the inhabitants of the Earth.

