Module 8
Air Pollution and Health
Module 8 discusses air pollution and addresses the complexity associated with the management of it. It identifies different types and classifications of air pollution.  It also discusses the effects of air pollution to health and which pollutant causes or leads to what types of illness.  It also covers the economics of air pollution including the associated externalities and implicit subsidies. Policies pursued in some countries in order to prevent the damaging effects of air pollution are discussed and some alternative policies are also suggested

Objectives

After following this module, you should be able to understand/ familiarize:
· Air pollution
· Types and classifications of air pollution
· Effects of air pollution to health
· The economics of air pollution 
· Prevention of the damaging effects of air pollution

· History of pollution control policies.
· Alternative possibilities for cost-effective pollution control.

( Outline/Discussions
I. Air pollution: Air is the ocean we breathe. Air supplies us with oxygen which is essential for our bodies to live. Air is 99.9% nitrogen, oxygen, water vapor and inert gases. Human activities can release substances into the air, some of which can cause problems for humans, plants, and animals. 

There are several main types of pollution and well-known effects of pollution which are commonly discussed. These include smog, acid rain, the greenhouse effect, and "holes" in the ozone layer. Each of these problems has serious implications for our health and well-being as well as for the whole environment. 

II. Types and classifications of air pollution

a. "Black carbon" pollution – caused by the release of particles into the air from burning fuel for energy in automobiles, homes, and industries.  Particulate matter includes a wide range of pollutants — road dust, diesel soot, fly ash, wood smoke, nitrates in fertilizers, sulfate aerosols, lead, arsenic, etc. 

b. Noxious gases pollution – caused by the release of noxious gases, such as sulfur dioxide, carbon monoxide, nitrogen oxides, and chemical vapors. These can take part in further chemical reactions once they are in the atmosphere, forming smog and acid rain. 

c. Outdoor pollution 

i. Smog is a type of large-scale outdoor pollution. It is caused by chemical reactions between pollutants derived from different sources, primarily automobile exhaust and industrial emissions. Cities are often centers of these types of activities, and many suffer from the effects of smog, especially during the warm months of the year.
ii. Another consequence of outdoor air pollution is acid rain. When a pollutant, such as sulfuric acid combines with droplets of water in the air, the water (or snow) can become acidified . The effects of acid rain on the environment can be very serious. It damages plants by destroying their leaves, it poisons the soil, and it changes the chemistry of lakes and streams. Damage due to acid rain kills trees and harms animals, fish, and other wildlife
iii. The Greenhouse Effect, also referred to as global warming, is generally believed to come from the build up of carbon dioxide gas in the atmosphere. Carbon dioxide is produced when fuels are burned. Plants convert carbon dioxide back to oxygen, but the release of carbon dioxide from human activities is higher than the world's plants can process. The situation is made worse since many of the earth's forests are being removed, and plant life is being damaged by acid rain. Thus, the amount of carbon dioxide in the air is continuing to increase. This buildup acts like a blanket and traps heat close to the surface of our earth. Changes of even a few degrees will affect us all through changes in the climate and even the possibility that the polar ice caps may melt
iv. Ozone depletion is another result of pollution. Chemicals released by our activities affect the stratosphere , one of the atmospheric layers surrounding earth. The ozone layer in the stratosphere protects the earth from harmful ultraviolet radiation from the sun. Release of chlorofluorocarbons (CFC's) from aerosol cans, cooling systems and refrigerator equipment removes some of the ozone, causing "holes"; to open up in this layer and allowing the radiation to reach the earth. Ultraviolet radiation is known to cause skin cancer and has damaging effects on plants and wildlife.
d. Indoor pollution

i. There are many sources of indoor air pollution. Tobacco smoke, cooking and heating appliances, and vapors from building materials, paints, furniture, etc. cause pollution inside buildings. Radon is a natural radioactive gas released from the earth, and it can be found concentrated in basements in some parts of the United States.
ii. Pollution exposure at home and work is often greater than outdoors. The California Air Resources Board estimates that indoor air pollutant levels are 25-62% greater than outside levels and can pose serious health problems. 

III. Effects of air pollution to health

a. Short term effects – can include irritation to the eyes, nose and throat, and upper respiratory infections such as bronchitis and pneumonia. Other symptoms can include headaches, nausea, and allergic reactions. Short-term air pollution can aggravate the medical conditions of individuals with asthma and emphysema. 

b. Long-term health effects - can include chronic respiratory disease, lung cancer, heart disease, and even damage to the brain, nerves, liver, or kidneys. Continual exposure to air pollution affects the lungs of growing children and may aggravate or complicate medical conditions in the elderly. It is estimated that half a million people die prematurely every year in the United States as a result of smoking cigarettes. 

c. Specific effects to body systems  
i. Human respiratory system
The health of our lungs and entire respiratory system is affected by the quality of the air we breathe.  In addition to oxygen, this air contains other substances such as pollutants, which can be harmful.  Exposure to chemicals by inhalation can negatively affect our lungs and other organs in the body.  The respiratory system is particularly sensitive to air pollutants because much of it is made up of exposed membrane. 

ii. Human cardio-vascular system

The cardiovascular system has two major components: the heart and a network of blood vessels.  The cardiovascular system supplies the tissues and cells of the body with nutrients, respiratory gases, hormones, and metabolites and removes the waste products of cellular metabolism as well as foreign matter.  It is also responsible for maintaining the optimal internal homeostasis of the body and the critical regulation of body temperature and pH.

1. The inhalation of air pollutants eventually leads to their absorption into the bloodstream and transport to the heart.  A wide spectrum of chemical and biological substances may interact directly with the cardiovascular system to cause structural changes, such as degenerative necrosis and inflammatory reactions.  Some pollutants may also directly cause functional alterations that affect the rhythmicity and contractility of the heart.  If severe enough, functional changes may lead to lethal arrhythmias without major evidence of structural damage to the myocardium.

iii. Heart and lungs diseases

1. Heart and lung illnesses and diseases are common in Canada, and there are many factors that can increase the chances of contracting them such as smoking and genetic predisposition.  The role of air pollution as the underlying cause remains unclear but is the subject of considerable research.  However, it is clear that air pollution, infections and allergies can exacerbate these conditions.  An early diagnosis can lead to appropriate treatment and ensure a normal or close to normal quality of life.  In many cases however, there is no cure and those affected may die prematurely.  The following are the most prevalent diseases: 

a. Minor Lung Illnesses - the common cold is the most familiar of these, with symptoms including sore throat, stuffy or runny nose, coughing and sometimes irritation of the eyes.

b. Lung Infections  - croup, bronchitis, and pneumonia are caused by viruses or bacteria and are very common. Symptoms may include cough, fever, chills and shortness of breath.

c. Asthma - is an increasingly common chronic disease among children and adults. It causes shortness of breath, coughing or wheezing or whistling in the chest. Asthma attacks can be triggered by a variety of factors including exercise, infection, pollen, allergies and stress.  It can also be triggered by a sensitivity to non-allergic types of pollutants present in the air such as smog.

d. Chronic Obstructive Pulmonary Disease (COPD) - is also known as chronic obstructive lung disease and encompasses two major disorders: emphysema and chronic bronchitis.  Emphysema is a chronic disorder in which the walls and elasticity of the alveoli are damaged.  Chronic bronchitis is characterized by inflammation of the cells lining the inside of bronchi, which increases the risk of infection and obstructs airflow in and out of the lung.  Smoking is responsible for approximately 80% of COPD cases while other forms of air pollution may also influence the development of these diseases.  Symptoms include cough, production of mucous and shortness of breath.  It is important to note that no cure exists for people suffering from COPD although healthy lifestyle and appropriate medication can help.

e. Lung Cancer - is the most common cause of death due to cancer in women and men. Cigarette smoke contains various carcinogens and is responsible for most cases of this often fatal disease.  The symptoms of lung cancer begin silently and then progress to chronic cough, wheezing and chest pain.  Air pollution has been linked somewhat weakly to lung cancer.

f. Coronary Artery Disease - refers to the narrowing or blocking of
the arteries or blood vessels that supply blood to the heart.  This disease includes angina and heart attack which share similar symptoms of pain or pressure in the chest.  Unlike angina, the symptoms caused by heart attack do not subside with rest and may cause permanent damage to the heart.  Smoking, lack of exercise, excess weight, high cholesterol levels in the blood, family history and high blood pressure are some of the factors that may contribute to this disease.

g. Heart Failure - is a condition in which the heart is unable to cope with its work load of pumping blood to the lungs and the rest of the body. The most common cause is severe coronary artery disease. The main symptoms are shortness of breath and swelling of the ankles and feet.

h. Heart-Rhythm Problems - are irregular or abnormal rhythms of the
heart beat. In some cases heart-rhythm problems are caused by coronary artery disease. Symptoms of heart-rhythm problems in fluttering in the chest (palpitation) and feeling light-headed. Some heart-rhythm problems are life-threatening and need emergency treatment.
d. The economics of air pollution 
i. Implicit Subsidies

1. Social costs of transportation tend to rise with miles driven. Private costs (insurance) do not reflect these increases.

2. The marginal private cost of driving an additional mile is zero with respect to road construction and maintenance. However, the social cost is greater than zero.

3. Employee parking or other free parking is an implicit subsidy that creates a bias toward automobile travel. 

ii. Externalities

1. The social cost of accidents rises with miles driven.

2. Road congestion is also an externality. Increased travel time will be required. Marginal private costs will not equal marginal social costs if traffic volume is above the efficient level. Marginal private costs and marginal social costs diverge as traffic increases to the capacity of the roadway. The deadweight loss associated with this externality can be illustrated graphically. Figure 18.1 presents an example.

3. Exhaust from cars also causes high levels of pollution inside the cars following.

iii. The implicit subsidies and non-internalized external costs result in transport costs that are too low. The results include too many vehicles using the road, too many trips taken, too many miles driven and too much pollution. Low costs also cause demand for alternative modes of transportation to be inefficiently low. Dispersed settlement patterns may not justify high volume and high fixed cost transportation alternatives.
IV. Prevention of the damaging effects of air pollution

a. Assessment: The first step to solving air pollution is assessment . Researchers have investigated outdoor air pollution and have developed standards for measuring the type and amount of some serious air pollutants. 

Scientists must then determine how much exposure to pollutants is harmful. 

Once exposure levels have been set, steps can be undertaken to reduce exposure to air pollution. These can be accomplished by regulation of man-made pollution through legislation. Many countries have set controls on pollution emissions for transportation vehicles and industry. This is usually done to through a variety of coordinating agencies which monitor the air and the environment.
b. Prevention: Prevention is another key to controlling air pollution. The regulatory agencies mentioned above play an essential role in reducing and preventing air pollution in the environment. 

In addition, it is possible to prevent many types of air pollution that are not regulated through personal, careful attention to our interactions with the environment

V. History of pollution control policies.
a. The Clean Air Act Amendments of 1965 set national standards for hydrocarbon and carbon monoxide emissions from automobiles. 

b. The automobile industry was in favor of federal standards as a way to avoid each state passing different standards. Only California can set its own standards.

c. The Clean Air Act Amendments of 1970 set new emissions standards that would reduce emissions by 90 percent below uncontrolled levels. Many delays and extensions for implementation followed.

d. The U.S. approach to mobile-source pollution control is a combination of controls at the manufacturing end and controls of emissions from vehicles in use.

e. The certification program tests car models from each engine type to ensure they conform to federal standards. The test includes 50,000 miles of driving at various speeds and under varying conditions. Less demanding tests are then applied to three additional prototypes.

f. An associated enforcement program contains assembly-line testing and a check of warranty provisions. If more than 40 percent of the cars do not conform to the federal standards, the certificate may be revoked. The EPA can also order a recall of vehicles that do not conform to federal standards.

g. Early pollution control devices were susceptible to tampering because they interfered with vehicle performance. The Clean Air Act Amendments of 1970 expressly prohibit tampering prior to the sale of an automobile and prohibits manufacturers and dealers from tampering after the sale. The Clean Air Act Amendments of 1977 extended the tampering prohibitions to repair facilities.

h. The EPA also has the authority to regulate fuel additives including lead. Unleaded gasoline helps reduce the amount of airborne lead and protect catalytic converters. Lead phaseouts were complete by 1986.

i. Corporate Average Fuel Economy (CAFE) standards were set in 1975. The standards require each automaker to meet miles per gallon targets for all of its cars and trucks, but the standard is based on a fleet average and not per vehicle or make of vehicle. The standards took effect in 1978. The current standard is 27.5 mpg. However, in 2007 the Congress passed a new energy bill which will require an increase in average fuel economy to 35 mpg for cars, SUVs and pickup trucks by 2020. One problem with this program is that light truck standards are lower and with the boom in the SUV market, fuel economy has fallen.

j. The Clean Air Act Amendments of 1977 require control authorities to bring nonattainment areas into attainment. Many of the areas received nonattainment status because of pollution from mobile sources. Regions were eligible for extensions on meeting the attainment deadlines with some restrictions. One of the additional restrictions is the requirement that each region establish a vehicle inspection and maintenance program for emissions. This program is designed to detect vehicles that are violating standards and bring them into compliance. 

k. Title II of the Clean Air Act Amendments of 1990 mandate the sale of cleaner-burning gasoline in carbon monoxide and ozone nonattainment regions.

l. The Energy Policy Act of 1992 requires the federal government to purchase alternative-fueled vehicles. 

m. California requires increasingly strict emissions standards for conventionally fueled vehicles. California also requires that 5 percent of new cars and light trucks sold in 2001 must be zero emission vehicles (ZEVs). By 2003, 10 percent must be zero emission vehicles. The emphasis 
is now on hybrids. 

n. New alternative ZEV compliance strategies include producing sales-weighted market share of approximately 250 fuel cell vehicles by 2008.

o. Mandated sales quotas for clean vehicles are also being used. However, if the demand is not sufficient, factory rebates and the like will have to be implemented to promote demand.

p. The Netherlands, Norway and Sweden use differential tax rates to encourage consumers to purchase low emissions vehicles. Tax advantages are placed on cleaner cars. The taxes depend on the emission characteristics of the car, the size of the car and the year of the purchase. 

q. Europe also has a more well-developed alternative transportation system than the United States. Car sharing arrangements are also growing. Peak period pricing schemes for car sharing can reduce use during the more polluted periods.

VI. Alternative possibilities for cost-effective pollution control.
a. Fuel pricing

b. Congestion Pricing

i. Congestion pricing would involve charging fees or higher prices to use more congested highways and roads. In Singapore, for example, electronic peak-hour pricing is used (Example 18.4).

c. Private Toll Roads

i. Another new policy is to allow construction of new private toll roads where tolls are set high enough to recover all the costs.

d. Parking Cash-Outs

i. Removal of parking subsidies, bus-only lanes and carpool lanes are other options for reducing congestion externalities. 

e. Feebates 

i. Feebates combine taxes on purchases of new high-emitting vehicles with subsidies for new low-emitting vehicles.

f. Pay-as-you-drive insurance

i. Pay-as-you-drive insurance could also help internalize the externalities associated with driving. 

g. Accelerated Retirement Strategies

i. This policy could be to encourage the retirement of heavily polluting vehicles either by subsidizing retirement or making it more expensive to keep with higher registration fees.

VII.  Alternative possibilities for cost-effective pollution control.






























































































