Chapter 19: A Macroscopic View

Objectives:

Discuss the regional, national and global issues associated with the topics presented.

Three Major Trends:

Three-fold increase in world population has led to an increase in the amount of pollution generated.

Shift from natural products to synthetic chemicals.

Developing countries have become as polluted as the developed nations.

1. Ozone Depletion

Chlorofluorocarbons (CFCs) - rise into stratosphere, UV light destroys molecule releasing chlorine atoms which react with ozone converting it to normal oxygen.

Ozone near the ground is a pollutant, but in the stratosphere, it provides a shield from UV radiation.  Increase in UV can increase skin cancers, cataracts, damage to crops and plastics.

Problems with replacing CFCs: nontoxic, little energy required to produce, very efficient refrigerant.

Several replacements are available. Atmospheric chlorine has been decreasing in recent years.

2. Acid Deposition

Pollutants from vehicles, power plants and industries are chemically transformed into acid compounds. NOx to nitric acid, SOx to sulfuric acid.

Damage to ecosystem.

Control measures: reduce discharges of SOx and NOx to the atmosphere, and treat ecosystem

CAA Amendments of 1990 require 50% reduction by the year 2000 in the release of SO2 from coal fired plants in the midwest. 

Stringent controls on vehicle emissions

Lime and limestone to treat acidic lakes and streams, questionable results.

3. Global Warming

Carbon dioxide, methane and CFCs. Increase in these gases in the atmosphere theoretically increases the temperature at the surface of the earth.

Controversy about the degree of warming. Uncertainty in the models.

Removal of CO2 - absorbed into the oceans, trees and other vegetation.

Rise in the sea level (2 feet over the next century), floods and droughts

Ecosystem changes: 80% decrease over the past 40 years in the zooplankton off the Pacific Coast

Loss of forests - speeding moisture loss, insect attack

Combustion accounts for 80% of annual global CO2 emissions. US, former USSR, Brazil, China, and India major contributors. Projected that by 2025, developing nations will produce 4 times the amount of CO2 as the developed world now produces.

Methane concentrations in the atmosphere have doubled in the past 200 years, resulting from human population, rice farming and animal husbandry.  Ideal solution would be to limit the rate of increase in the release of greenhouse gases.  Short term solution would be to encourage the use of solar and nuclear energy.

4. Deforestation

US has lost 30% of its forests since 1620. Satellite sensing shows loss of tropical rainforest at the rate of 40-50 million acres per year.

Forests protect soils, remove CO2 from the air, harbor a majority of the species found on land.

Trees provide moisture retention which reduces flooding.

Clear cutting removes dead and living trees, removing future soil, bark beetles and fungi that transport nitrogen fixing bacteria into the soil.

Fires and insects contribute to the destruction of forests. Millions of acres of trees in the west lost to fires annually. Gypsy moth defoliated 4 million acres of trees in the NE in 1991. Encourage the replanting of trees by tax advantages, restrictions on clear cutting,  range management, more efficient wood stoves, biogas and solar stoves
5. Loss of Biodiversity

Estimated 3-10 million species of flora and fauna existing on earth.

In US, 500 species and sub-species of plants and animals have become extinct since the 1500s.

Worldwide, 75 mammals and birds have become extinct between 1600 and 1900, another 75 have become extinct from 1900 to 1980.

3 species worldwide disappear every day.

Drugs from plants: extract from kudzu to treat alcohol abuse, taxol from yew tree bark. Substitution of plants for wood pulp, genetic engineering for tomatoes, protein to repel insects

Endangered Species Act 1973 - each species is entitled to exist for its own sake.  “Bill of Rights” for non-humans. Each life form may prove valuable in ways that cannot be measured or understood.

Problems with fencing off preserves: large spaces already have been occupied, migration.

Provide financial incentives for those protecting endangered species.

Key to protecting biodiversity is to ensure that species do not become endangered, not waiting for them to become endangered to protect them.

6. Loss of Topsoil

Accelerated erosion occurs where human activity disrupts the plant cover.  1.5 billion tons of topsoil lost in the US in 1989, of which 300 million tons went into the Gulf of Mexico.

In addition to loss of soil: increased turbidity in surface waters, loss of storage capacity in lakes and reservoirs, fertilizers and pesticides in soil contaminate water, windblown soil increases air pollution.

No-till farming, contour plowing, vegetative buffer strips between fields and streams.

7. Destruction of Wetlands

Nurseries for commercial fish species, nesting and feeding grounds for migrating birds, habitat for many forms of life, trap nutrients and sediments, purify water, provide flood protection, erosion protection, groundwater recharge.

US lost 10 million acres of wetland between 1950 and 1970. Most converted to agricultural use.

US Army Corps of Engineers responsible for defining and supervising wetlands.

Florida Everglades - Corps trying to return it to its original state.

Municipal sewage discharged to low lying areas to restore wetlands and treat wastes.

8. Sustainable Development 

Development that meets the need of the present without compromising the ability of future generations to meet their own needs.

6 billion people on the earth, may double by 2050.  Increased demand on products and services and subsequent waste generation.

Life cycle assessment - consider the disposal both of the wastes from the manufacturing process and the products themselves at the end of their useful life.

Economic incentives to discourage pollution, encourage natural resource protection, promote community redevelopment.

9.Economic Growth and Environmental Quality

During initial stages of development, people in poorer countries cannot afford to emphasize the protection of the environment over personal well being. Pollution is regarded as an acceptable side effect. Once a sufficient standard of living is attained,

then laws are enacted to protect the environment; however pollutants with a more global impact may increase.  Economic growth  is not a panacea for environmental quality

10. General Outlook

Scientists and engineers must incorporate sound environmental thinking into the design and selection of manufacturing processes.

Responsibility of multinational corporations to lead the way.

Government agencies to assume increased responsibility for protecting the environment. 

- continuing evaluation of key environmental areas

- avoidance of future environmental problems

- coordinated efforts between local, state and federal governments and the private sector.

- global environmental quality is a matter of strategic national interest

Society needs to be forward looking instead of reactionary.

Educate children with environmental values in primary and secondary schools.
