Air Pollution

D.1 Primary Air Pollution

1. Describe the sources of carbon monoxide, oxides of nitrogen and sulphur, particulates and hydrocarbons in the atmosphere.
2. Outline the effects of primary air pollution on health.
3. Discuss methods for the reduction of primary air pollution.
The atmosphere is a complex, dynamic and fragile system.  Concern is growing about the effects of air pollutant emissions in a global context, and the inter-linkage of these emissions with global warming, climate change and stratospheric ozone depletion.  

It is estimated that three million people may die of air pollution each year worldwide.  2.8 million of the 3 million mortalities may be due to indoor air pollution.  90% of the 3 million estimated deaths are in developing nations.  70,000 die each year in the U.S. (Some estimates are as low as 50,000 or as high as 100,000).  Deaths from air pollution are compared to deaths from second hand smoke and chemical weapons.  In the U.S, more people die from air pollution than from car accidents.  They die specifically from agitated asthma, bronchitis, emphysema, lung and heart diseases, and other respiratory allergies. 

Air Pollutants are classified as either Primary or Secondary.  A primary air pollutant is one that is emitted directly to the air from a given source.  Carbon monoxide is an example of a primary air pollutant because it is produced as a byproduct of combustion.  A secondary air pollutant is formed in the atmosphere through chemical reactions involving primary air pollutants.  The formation of ozone in photochemical smog is an example of a secondary air pollutant.

Particulates are small, solid particles, classified by their sizes.  Atmospheric particles are usually measured as TSP, PM10 or PM2.5.  TSP stands for Total Suspended Particulates.  The PM10 fraction consists of particles with an aerodynamic diameter of less than 10 micrometres; these are more dangerous to humans than TSP, because they can be breathed deep into the respiratory tract and reach the lungs.  PM2.5 particles are even more dangerous because they can pass through the upper airway filtering and into the alveoli, where they can cross the lung/blood stream barrier and transport into the blood.  Increasing attention is now focusing on the health impacts of even smaller particles – the so-called 'nanoparticles'.  Smaller particles tend to be more toxic than larger particles and can stay airborne as an 'aerosol' for longer than larger particles, which settle out more quickly.

Natural Sources: forest fires, volcanoes, windstorms, pollen, sea salts

Man-made Sources: industry (smoke, cement, ash), domestic-heating

Health Hazards: irritation of respiratory system, cancer
Burning fossil fuels is the main cause of both air pollution and climate change, and health experts have concluded that climate change will actually make air pollution an even greater health threat - unless fossil fuel emissions are drastically reduced. 

Air pollution from burning fossil fuels produces many other compounds that hurt our health: carbon monoxide, nitrogen oxide, sulphur dioxide, volatile organic compounds, and small airborne particulates.  They can cause impaired lung function, shortness of breath, wheezing, asthma attacks and premature death. 

Sulphur Dioxide (SO2)
Emitted primarily during the combustion of fossil fuels and the processing of sulphur-containing ores.  The major sources of sulphur dioxide are fossil fuel-burning power plants, (generating electricity) and industrial boilers.  Another source of sulphur dioxide is vehicular exhaust emissions.  Exposure to elevated level of sulphur dioxide can cause impairment of respiratory function, aggravation of existing respiratory disease (especially bronchitis) and cardiovascular disease.  In sensitive individuals, the lung function changes may be accompanied by perceptible symptoms such as wheezing, shortness of breath, and coughing.  Sulphur dioxide may also lead to increased mortality, especially if elevated levels of suspended particles are also present.  Major subgroups of the population that are most sensitive to sulphur dioxide include asthmatics and individuals with cardiovascular disease or chronic lung disease (such as bronchitis or emphysema) as well as children and the elderly.
Natural Sources: volcanoes 

Man-made Sources: stationary combustion sources, industry, found in metal ores, coal: S + O2 ---> SO2
         2S + O2 ---> 2SO3
Health Hazards: acute-inflammation of respiratory tract, asthma, chronic-emphysema (breakdown of alveoli in lungs), bronchitis
Nitrogen Oxides (NOx)
The many chemical species of the oxides of nitrogen are collectively termed as nitrogen oxides (NOx).  This group of gases usually enters the air as a result of combustion processes which involve high temperatures, such as those produced by power plants and vehicular engines.

Natural Sources: forest fires

Man-made Sources: stationary combustion sources (factories and power plants), transportation: N2(g) + O2 (g) ---> 2NO (g)
   2NO (g) + O2 (g) ---> 2NO2 (g)

Health Hazards: acute-lung irritation :chronic-bronchitis (persistent inflammation of bronchial tubes)
Nitric oxide (NO)
Nitric oxide is the main NOx emitted during combustion and it can be converted into nitrogen dioxide.

Nitrogen dioxide (NO2)
Nitrogen dioxide is a corrosive and highly oxidising light brown gas which has a characteristic pungent smell at high concentrations.  It is the reaction of nitrogen dioxide with reactive organic substances, such as Volatile Organic Compounds (VOCs), in the presence of sunlight that produces ozone.  Nitrogen dioxide is, therefore, an important part of urban haze or photochemical smog.  NO2 can irritate the lungs and lower resistance to respiratory infection such as influenza. Individuals with respiratory problems, such as asthma, are more susceptible to the effects.  In young children, nitrogen dioxide may also impair lung development.  

Carbon Monoxide (CO)
Carbon Monoxide (CO) is a colourless, odourless and tasteless gas which is a by-product from the incomplete combustion of any fuel which contains carbon.  Industrial processes contribute to CO pollution concentrations, but the principle source of CO in most urban areas is the automobile.  Inhaled CO enters the blood stream and binds preferentially to haemoglobin (the substance that carries oxygen to the cells), thereby replacing oxygen.  It results in reducing the amount of oxygen which is delivered to body organs and tissues.  The percentage of haemoglobin inactivated by CO depends on the amount of air breathed in, the concentration of CO in air and the duration of exposure.  In a healthy person, elevated CO concentration exposure is associated with visual impairment, reduced work capacity, reduced mental function and poor learning ability.  Persons suffering from heart and circulatory problems, fetuses, young infants, pregnant women and elderly people are likely to be more susceptible to the effects of CO.

Natural Sources: forest fires 

Man-made Sources: transportation industry (automobile exhaust), incomplete combustion of fossil fuels: eg. 2CH4 + 3O2 ---> 2CO + 4H2O

Health 
Hazards: acute exposure – headaches, dizziness, decreased physical performance, chronic stress on cardiovascular system, heart attack
Hydrocarbons (HC)

Natural Sources: living and decaying plants 

Man-made Sources: transportation
Air pollution is also the primary culprit behind rising levels of asthma.  A recently published 10-year study of Southern California communities showed that children living in smoggy areas were three to four times more likely to develop asthma than those living in cleaner areas. 

By reducing our use of coal, oil and natural gas, we can save thousands of lives and lessen the threat to human health of both climate change and air pollution. 

Reducing Primary Air Pollution:

CO – Catalytic converters

NOx – Catalytic converters, lean burn engines, recirculation of exhaust gases

SOx – Alkaline scrubbing, removal of sulfur-containing compounds from coal and oil

Particulates – electrostatic precipitation

Hydrocarbons – Catalytic converters

D.2 Ozone Depletion

1. Describe the formation and depletion of ozone by natural processes.

2. List the pollutants, and their sources, that cause the lowering of ozone concentrations

3. State the environmental effects of ozone depletion.

4. Discuss the alternatives to CFCs in terms of their properties.

· A thin layer of ozone gas (O3) encircles the earth and prevents about 99% of the ultraviolet light (UV) from the sun from reaching the earth.

· Measurements made by British scientists at Halley Bay, Antarctica demonstrated the thinning of the ozone layer. 

· Satellite measurements of the ozone layer over Antarctica revealed that there was a hole in the layer, the size of the United States. The ozone layer over Antarctica was depleted by more than 50% in 20 years (1965-1985).

· A similar hole was discovered above the Arctic, but smaller in size. 

· Other data from satellites showed that the ozone layer was depleted even over non-polar regions (about 3%)

· UV light strikes 03 molecules, which split apart. The products reunite, giving off heat and reforming ozone. The ozone layer continues renewing itself while converting UV light into heat (infrared radiation).

O3(ozone) + UV light ----> O + O2



O + O2 ----> O3 + Infrared radiation (heat)

What is ozone?

Ozone is a form of oxygen. The oxygen we breathe is in the form of oxygen molecules (O2) - two atoms of oxygen bound together. Ozone, on the other hand, consists of three atoms of oxygen bound together (O3).

Where is ozone located?

Approximately 90 per cent of all ozone is produced naturally in the stratosphere. While ozone can be found through the entire atmosphere, the greatest concentration occurs at an altitude of about 25 km. This band of ozone-rich air is known as the "ozone layer". 

Ozone also occurs in very small amounts at ground level. It is produced at ground level through a reaction between sunlight and volatile organic compounds (VOCs) and nitrogen oxides (NOx), some of which are produced by human activities. Ground-level ozone is a component of urban smog - a serious air pollutant. 

Even though both types of ozone are exactly the same molecule, their presence in different parts of the atmosphere has very different consequences. Stratospheric ozone blocks harmful solar radiation - all life on Earth has adapted to this filtered solar radiation. Ground-level ozone, in contrast, is simply a pollutant. It will absorb some incoming solar radiation, but it cannot make up for stratospheric ozone loss.

How is stratospheric ozone formed?

Ozone is created in the stratosphere when highly energetic solar rays strike molecules of oxygen (O2) and cause the two oxygen atoms to split apart. If a freed atom bumps into another O2, it joins up, forming ozone (O3).

Ozone is also naturally broken down in the stratosphere by sunlight and by a chemical reaction with various compounds containing nitrogen, hydrogen and chlorine. These chemicals all occur naturally in the atmosphere in very small amounts.

In an unpolluted atmosphere there is a dynamic balance between the amount of ozone being produced and the amount of ozone being destroyed. As a result, the total concentration of ozone in the stratosphere remains relatively constant. 

Ozone is not a pollutant directly emitted into the air from particular activities characteristic of urban or industrial areas, and can, therefore, be referred to as a secondary pollutant.  Ozone and other photochemical oxidants (such as peroxyacyl nitrates and aldehydes) are formed by the action of ultra-violet (UV) light from the sun on nitrogen oxides (a process called photolysis).  Its production and concentration is dependent on the presence of primary pollutants as well as ultra-violet light.  
Why is the ozone layer important?

Ozone's unique physical properties allow the ozone layer to act as our planet's sunscreen, providing an invisible filter to help protect all life forms from the sun's damaging ultraviolet (UV) rays. Most incoming UV radiation is absorbed by ozone and prevented from reaching the Earth's surface. Without the protective effect of ozone, life on Earth would not have evolved the way it has. 

Is the ozone layer evenly distributed around the Earth?

No. The amount of ozone above a location on the Earth varies naturally with latitude, season, and from day-to-day. Under normal circumstances, the ozone layer is thickest over the poles and thinnest around the equator. Weather conditions can also cause considerable daily variations. 
What is "ozone depletion"?

Ozone depletion occurs when the natural balance between the production and destruction of stratospheric ozone is tipped in favour of destruction. Observations of Antarctic ozone "hole" and atmospheric records indicating seasonal declines in global ozone levels provide strong evidence that global ozone depletion is occurring. Although natural phenomena can cause temporary ozone loss, chlorine and bromine released from synthetic compounds are now accepted as the main cause of this depletion. 

· CFC’s react with stratospheric ozone. When CFC's are broken down, chlorine free radicals are produced. These can react with more than 100,00 molecules of ozone. Thus depleting the ozone layer.

· NOx reacts with ozone to form oxygen gas (O2), thus interfering with the natural process of formation of ozone.

· Ozone depletion increases the amount of UV light that strikes the earth's surface. An excess of this type of light causes damage to living organisms, including:

· Eyes: cataracts- blurred vision or blindness

· Skin: severe burns/cancer

· Immune system: weaker immune response – more susceptible to diseases

· Crops: interference with photosynthesis – lower crop yields

· Marine ecosystem: plankton near surface die – disrupts food chain 

What are ozone-depleting substances?

Ozone-depleting substances (ODS) contain various combinations of the chemical elements chlorine, fluorine, bromine, carbon, and hydrogen and are often described by the general term halocarbons. The compounds that contain only chlorine, fluorine, and carbon are called chlorofluorocarbons, usually abbreviated as CFCs. CFCs, carbon tetrachloride, and methyl chloroform are important human-produced ozone-depleting gases that have been used in many applications including refrigeration, air conditioning, foam blowing, cleaning of electronics components, and as solvents. Another important group of human-produced halocarbons is the halons, which contain carbon, bromine, fluorine, and (in some cases) chlorine and have been mainly used as fire extinguishants.

How long has ozone depletion been occurring?

Based on data collected since the 1950's, scientists have determined that ozone levels were relatively stable until the late 1970's. Severe depletion over the Antarctic has been occurring since 1979 and a general downturn in global ozone levels has been observed since the early 1980's.

How much of the ozone layer has been depleted around the world?

Global ozone levels declined an average of about 3 per cent between 1979 and 1991. This rate of decline is about three times faster than that recorded in the 1970's. In addition to Antarctica, ozone depletion now affects almost all of North America, Europe, Russia, Australia, New Zealand, and a sizable part of South America. 

Why are ozone-depleting substances so effective at destroying ozone?

Ozone-depleting substances are effective ozone-depleters for two reasons. The first is that they are not reactive (chemically speaking), which means they survive long enough in the atmosphere to drift up into the stratosphere. The second is that they help the natural reactions that destroy ozone. 

Unlike most chemicals released into the atmosphere at the Earth's surface, ozone-depleting substances are not "washed" back to Earth by rain or destroyed in reactions with other chemicals. They simply do not break down in the lower atmosphere and they can remain in the atmosphere from 20 to 120 years or more.

Once they reach the stratosphere, UV-C radiation breaks up these molecules into chlorine (from CFCs, methyl chloroform, carbon tetrachloride) or bromine (from halons, methyl bromide), which, in turn, break up ozone (O3). Both chlorine and bromine activate and speed up the ozone destruction reactions without being altered or destroyed themselves. Thus, a single chlorine atom can destroy up to 100,000 ozone molecules before it finally forms a stable compound and diffuses out of the stratosphere.

What is ultraviolet radiation?

Ultraviolet radiation is one form of radiant energy coming from the sun. The various forms of energy, or radiation, are classified according to wavelength, measured in nanometres (one nm is a millionth of a millimetre). The shorter the wavelength, the more energetic the radiation. In order of decreasing energy, the principal forms of radiation are gamma rays, X rays, UV (ultraviolet radiation), visible light, infrared radiation, microwaves, and radio waves. There are three categories of UV radiation:

1. UV-A, between 320 and 400 nm 

2. UV-B, between 280 and 320 nm 

3. UV-C, between 200 and 280 nm 

How harmful is UV?

Generally, the shorter the wavelength, the more biologically damaging UV radiation can be if it reaches the Earth in sufficient quantity. UV-A, although it is the least energetic form of UV radiation, reaches the Earth in greatest quantity. Most UV-A rays pass right through the ozone layer.

UV-B radiation is potentially very harmful. Fortunately, most of the sun's UV-B radiation is absorbed by ozone in the stratosphere.

UV-C radiation is potentially the most damaging because it is very energetic. Fortunately, all UV-C is absorbed by oxygen and ozone in the stratosphere and never reaches the Earth's surface.

How does UV-B exposure affect people?

Exposure to UV-B radiation causes skin cancer, hastens skin aging, and can cause eye damage. The human immune system can also be weakened by exposure to UV-B.

It is important to note, however, that UV-B radiation has always had these effects on humans. In recent years these effects have become more prevalent because people are spending more time in the sun and are exposing more of their skin in the process. An increase in the levels of UV-B reaching the Earth as a result of ozone depletion may compound the effects that sun-worshipping habits have already created.

Although fair-skinned, fair-haired individuals are at highest risk for skin cancer, the risk for all skin types increases with exposure to UV-B radiation. The effects of UV-B on the human immune system have been observed in people with all types of skin.

How does UV-B exposure affect plants and animals?

Excessive UV-B inhibits the growth processes of almost all green plants. There is concern that ozone depletion may lead to a loss of plant species and reduce global food supply. Any change in the balance of plant species can have serious effects, since all life is interconnected. Plants form the basis of the food web, prevent soil erosion and water loss, and are the primary producers of oxygen and a primary sink (storage site) for carbon dioxide.

UV-B causes cancer in domestic animals similar to those observed in humans. Although most animals have greater protection from UV-B because of their heavy coats and skin pigmentation, they cannot be artificially protected from UV-B on a large scale. Eyes and exposed parts of the body are most at risk.

What is ground level ozone?

Ground level ozone is the nasty cousin of stratospheric ozone.  Whereas stratospheric ozone (the "ozone layer") protects plants and animals from ultraviolet radiation, ground level ozone is a primary ingredient of smog.  Higher temperatures increase ground level ozone production - thus climate change will intensify urban smog. 

Pollutants:

· CFC's: Propellants-spray cans: de-odorizer, insecticides, paint, aerosols

· Coolants – refrigerators, air conditioners, freezers 

· Styrofoam

· NOx: High-altitude jets: supersonic transport (SST), commercial jets

· Detonation of nuclear weapons, fertilizers, volcanoes (minor)

CFC Alternatives:

· HCFC's (hydrochlorofluorocarbons) and HFC's (hydrofluorocarbons)are used in place of CFC's because they are largely destroyed in the lower region of the atmosphere.

· HCFC's: composed of hydrogen, chlorine, fluorine and carbon – contain chlorine, but most is destroyed in the lower atmosphere before reaching the stratospheric ozone layer (20 times less destructive than CFC's)

· HFC's: do not contain chlorine or bromine and therefore have no potential to depleting the ozone layer

D.3 Greenhouse Effect and Global Warming

1. Describe the greenhouse effect.

2. List the main greenhouse gases and their sources, and discuss their relative effects.

3. Discuss the influence of increasing amounts of greenhouse gases on global warming.

4. Outline the influence of particulates on the Earth’s surface temperature.

The level of carbon dioxide in the Earth's atmosphere had remained relatively stable until about 100 years ago. This was the time that the human race began burning fossil fuels at a high level. In just over a century, industrial civilization has added 360 billion tons of carbon dioxide to our atmosphere. Carbon dioxide is very difficult to get rid of – the natural processes are very slow and we aren't intelligent enough to have invented our own way of doing it.

There is a correlation between the rise in CO2 levels and the rise in temperature over the years. The gases that trap the heat near the Earth's surface and radiate it back:

CH4, H2O, CO2, and chlorofluorocarbons (CFC's) and nitrous oxide. 

CH4: 

· Paddy fields – it is produced by the bacterial decomposition of vegetation under water that occurs in flooded rice fields. 

· Cattle- "ruminants" i.e. cows, etc. have four stomachs. In the complicated process of digesting the grass the food is fermented, producing a large quantity of methane gas as a by-product which the cow expels. 

· Present in the atmosphere only in very small quantities, but it absorbs radiation more effectively than CO2.

H2O: 

· water vapor is always present in the atmosphere

CO2:  

· It is produced naturally by the decomposition of organic materials, growing plants, and weathering of rocks. It is also produced by the burning of fossil fuels- coal, oil and natural gas i.e. use of furnaces and coal fires, aircrafts and cars, industrial plants, etc.  

The greenhouse theory proposes that the greenhouse gases are increasing in the atmosphere to such an extent that less reradiated energy is able to escape from the atmosphere. The greater quantities of greenhouse gases absorb this long-wave radiation, effectively trapping it. The energy is then reradiated into the lower atmosphere. The gases may be said to be acting like a blanket, absorbing more and more radiation in the atmosphere. In theory, this could lead to a progressive increase in temperatures and eventually to climatic change.

Naturally occurring CO2 allows sunlight to pass through the atmosphere and heat the Earth, but also absorbs infrared radiation escaping from the Earth's surface and radiates it back to earth. This process helps maintain Earth's temperature.  However, the increase of CO2 concentration in the air slows down the escape of heat, which leads to global warming.

Like almost anything in the world, little carbon dioxide is good; too much may be devastating. Oceans will absorb more heat energy, making hurricanes and typhoons more common. There will be a change in ocean current patterns – the world's weather patterns will be altered significantly (ex. flooding in some areas/droughts in others). Areas like USA and Canada will become warmer and drier and the agricultural plains might become too dry to support dry-land farming. Melting of polar ice caps and glaciers – this would raise the sea level, flooding up to 20% of the world's land mass. 

Particulates consist of smoke, ash, soot, dust, lead, and other particles from burning fuel. They come from industrial processes and motor vehicles that burn fossil fuel, burning wood, and dust from construction and agriculture. They can form clouds that reduce visibility and cause a variety of respiratory problems. Particulates have also been linked with cancer. They also corrode metals, erode buildings and sculptures, and soil fabrics. They can lower the temperature by reflecting sunlight

