Mr. Manzo: APES Exam Review Themes, 2018 ed.

The following review themes match the Environment 9th Ed. by Raven, Berg & Hassenzahl.  Each text chapter is outlined and major concepts (themes) are provided as a studying guide.  This should NOT be your only source of information for studying.  It should be used in companion with the textbook, a review book of your choice, the laminated Ecology reference chart, and your current events binder along with other resources (old tests, current events, etc.) to adequately prepare you for the exam.  In addition, it is imperative that you practice answering free response questions.
Introductory and Chapter 1 Themes: - Environmental Science and Sustainability



Understanding sustainability and the 9 key issues facing the world today (note: these issues are explored in greater detail elsewhere in the textbook…but I introduced all this material to you early on this year.)
1. Over-fishing of the seas – closing of the Georges Bank Fishery
a. Technological advances in commercial fishing have allowed humans to harvest marine resources unsustainably, and many fisheries are in a state of collapse or severely depleted.  Methods include large trawl nets, purse seines, long lines with baited hooks, sonar and helicopter surveillance, in addition to drag lines which disturb benthic (bottom) habitats and coral reefs.
b. Oceans are a global “commons”….shared by everyone and largely unregulated.
c. The Magnuson-Stevens fishery conservation act serves as a model to alleviate stress on fisheries by establishing 8 regional councils to manage fisheries in U.S. waters.  They set catch limits, weigh commercial landings, close distressed or overfished areas, and monitor health of species. 
2. Destruction of the ozone layer (located in the stratosphere, concentrated at about 25 KM)

a. CFC’s used in aerosols, refrigerants, air conditioning systems etc., destroy ozone layer in the stratosphere
b. Spring is the season that the ozone is thinnest, as sunlight returns to melt the polar stratospheric clouds and release free chlorine/bromine molecules, which destroy O3 in the stratosphere.
c. Montreal Protocol (1987) – ban on use of CFC’s in developed countries (developing still allowed), and push to find alternatives – has resulted in a slight improvement in the ozone layer expected to get better since it takes several years (or decades) to see the effects (lag time)

3. Endocrine Disruptors

a. Toxins that interfere with the normal functioning of the human endocrine system (hormones, chemical processes), which may ultimately lead to disease, cancer.  Pesticides are often endocrine disruptors.  Many chemicals used in plastics (BPA, phthalates, etc.) are suspected endocrine disruptors;
b. Endocrine disrupting toxins are found in water bodies, and may be transmitted through the ecological food web ultimately to humans
4. Disappearing Frogs
a. Due mostly to habitat loss,  habitat fragmentation, invasive species, climate change, and water pollution
b. Amphibians breathe through their skin, making them susceptible to pesticide contamination, which may lead to deformities;  Chytrid fungus implicated as a major issue (fungi doing better with climate change)

c. Most frog species have survived for over 350 million years, but sudden collapse of populations due to human pollution and habitat loss, climate change, etc. may make many species endangered and/or extinct in coming years.
5. Reintroduction of wolves into Yellowstone

a. Example of controversial issue with considerations on both sides; ecosystem is balanced with wolves serving as a top predator, however, economically they may negatively impact local sheep farmers by killing their livestock
b. An ecological chain of events began when wolves were extirpated from the U.S., bringing an imbalance and loss of biodiversity.
6. Introduction of Invasive Species

a. Brought primarily via ballast water on ships, in luggage, transport of food, etc.

b. Invasive species cause economic or environmental harm, and out-compete native species for food, water, space, light, etc.

i. Invasive species have the effect of decreasing overall biodiversity

7. Destruction of Tropical Rain Forests

a. Slash & burn technique employed to provide agricultural plots…NOT sustainable since soils are generally nutrient poor and require massive amounts of fertilizer, which then causes eutrophication problems
8. Global climate change

a. Increased use of fossil fuels & deforestation have led to an “enhanced” greenhouse effect, causing extra warming of the troposphere, which appears to shift the range of plants/animals, create droughts in some areas, floods in others, exacerbate disease outbreaks, increase the severity of storms, create endangerment or extinction of species, loss of overall biodiversity, and the inability of humans to adapt quickly enough, which has human health implications
9. Previous 8 are all a direct result of….Increasing Human Population…planet at 7.4 billion and counting!

a. Population, resources and the environment
b. Developed countries generally have much higher overall environmental impact due to affluence and wasteful lifestyles. I = P x A x T; Technology can have either a positive or negative environmental impact;

c. Concept of “people overpopulation” vs. “consumption overpopulation”

d. The development ongoing in China and India has major environmental implications for the entire planet!

Sustainability and the Tragedy of the Commons concept

1) People will abuse a public resource because they economically benefit from it.

a) Garret Hardin's “Tragedy of the Commons” essay reminds us of what happens when humans consume resources in an unsustainable manner;  We have many examples of human “tragedy of the commons”, including

i) Grazing lands – typically cattle are grazed on public lands (national forests, for example) but provide for private profit (for the cattle ranchers)
ii) George's Bank Fishery is an example of a global commons; so is our air; so are oceanic mineral resources.
iii) Easter Island example…is Earth as a whole headed toward the same fate?  Can we learn before it’s too late?
Using Science to Address Environmental Problems
1) To learn about the world, scientists use a universal method called the scientific method

a) Key question drives study; hypothesis; experimental design (includes variables, control, appropriate sample and time); analyze and interpret data; publish information in reputable journal
b) NOTE: AP Exams often ask you to design an experiment to test something as one of the free response questions!  Keep in mind all the elements above.
c) Inductive reasoning = discover general principles by examining specific cases;  deductive reasoning = discovery 
proceeds from broad generalizations to specific cases

d) Variable-v-control; each factor that affects a process is a variable; control groups are necessary to test effects
e) Example of using science to address a problem: Lake Washington eutrophication fixed by cooperative effort and scientific studies!  Water clarity in the lake has mostly returned to normal levels, and science led the management of the resource.
Chapter 2 Themes: Environmental History, Legislation, and Economics

Unfunded Mandates Review Act of 1995 – Feds must pay for any expensive programs it demands from the states

· Americans perception of the environment has changed 180( since the Unites States was founded.

1) Early Conservation Efforts

a) Conservation = the sensible and careful management of natural resources

b) Frontier attitude – prevailed through 1700’s and early 1800’s (conquer and exploit nature to the fullest)

c) Forests – NE forest were leveled within a few generations time; In Michigan, 160 million board feet lumbered leaving only 6 million standing!

i) A. Audubon, Thoreau & Marsh

(1) John James Audubon (1785-1851) painted bird portraits



(2) Henry David Thoreau was a writer who lived on Walden Pond near Concord, Mass.;   



(3) George Perkins Marsh (1801 – 1882) was a farmer, linguist, diplomat, wrote “Man and Nature”, which spurned interest in human involvement in environmental issues.

ii) Theodore Roosevelt – used General Revision Act of 1891 to save 17.4 million acres of forest from loggers in the west

iii) Gifford Pinchot: NFS – first head of the U.S. Forest Service 

d) Parks & Monuments

i) Yellowstone – first national park established in 1872

ii) Yosemite established in 1890 due to work of write John Muir (John Muir is the founder of the Sierra Club)

iii) Hetch Hetchy controversy (Muir and Sierra Club fought San Francisco over its efforts to dam a river in the valley of Yosemite, but lost battle)
iv) Antiquities Act-NPS: "use without impairment" (passed due to the publicity generated by Hetch Hetchy)
2) Conservation in the mid-20th century

a) FDR: CCC (established the civilian conservation corps.) – came as a result of the great depression and massive drought (dust bowl)
b) SCS (soil conservation service) - established post-Dust bowl

c) Aldo Leopold – a wildlife biologist who established the USFWS

d) Rachel Carson's Silent Spring (about the dangers of pesticides and other toxins) during the 1960’s created wave of environmentalists

3) Environmental Movement since the mid 60's

a) Public will not tolerate environmental degradation by business & industry (IF THE PUBLIC IS AWARE OF IT!!!)
b) EIS (Environmental Impact Statements)
i) Requires review of all federal projects for environmental impacts, including effects on air, water, noise pollution, endangered species, wetlands, etc.

ii) States usually have their own EIS process 
c) Environmental Legislation (p. 33-37)
i) Pollution control is influenced by economic decisions

(1) Externalities & Marginal costs

(2) MCPA -v- MCP (see graphs)
(3) The optimum pollution concept & flaws in the OPC

(4) Intrinsic value of nature & ecosystem disruption

4) Pollution is controlled using governmental action as well as economic strategies

a) Emission charges

b) Fixed number of waste discharge permits
c) Command and control approach (pass a law and make people abide by it)

d) Tax incentives (or pollution credits and trading allowances)
5) Economic interests and governmental laws conflict at times

         1. Old growth forests of the Pacific Northwest and the Northern spotted owl

Chapter 7 Review Themes: Human Health and Environmental Toxicology:

a) Risk Assessment involves making uncertain decisions using scientific principals. (involves using statistical methods to quantify risks)
i) Adverse health effects?

ii) Toxins (how many examples can you name?)
iii) Adverse effects usually measured in lab (using lab rats), with a Dose-Response analysis (and graph)
iv) Perceived risks -v actual risks (nuclear power-v- smoking)

b) Dose response curves

i) LD50-v-ED50
ED50 = the dose that cause the effect being studied in 50% of the test population


LD50 = the dose that is lethal to 50% of the test subjects
ii) Threshold level = the maximum dose that has no measurable effect

c) Risk Management – setting exposure levels, trying to minimize exposures to reduce risks as much as possible, spending $ where it will be most effective and reduce risk for the most people…does NOT usually eliminate risk
i) Carcinogens = substances that cause cancers

ii) Risks of chemical mixtures

(1) Antagonistic = a mixture of chemicals results in a smaller combined effect than would 

(2) additive = two add together as expected


(3) synergistic = a greater combined effect

d) Ecological risk assessment & stressors

i) Precautionary Principle – when a new technology or chemical product is suspected of threatening human health or the environment, it is best to just take precautionary measures until the product/process can be definitively demonstrated to pose no major risk.

ii) Corporations and government employ cost-benefit analysis because monetary values can be put on pollutants or adverse health effects.

(1) Ford motor company and the Pinto (Ford knew gas tanks would explode…but risk was measured and not considered too high to stop production)

(2) Airlines – always some risk involved

(3) Lake Washington underwent cultural eutrophication. PAGE 19 (it’s back in chapter 1)
(a) Risk analysis

(b) Public education

(c) Political action

(d) Follow-through

Chapter 3 Themes:  Ecosystems & Energy




1) Energy flows ONE WAY in an ecosystem; (wasted as heat);
a) Only about 1% of sunlight used in photosynthesis; 

i) energy released through cellular respiration in plants and animals; 

ii) chemosynthetic bacteria are exception – get energy from nutrients at hydrothermal vents;

2) First Law of Thermodynamics = Energy neither created nor destroyed, just changing form

a) Energy obtained by heterotrophs eventually returned to the system through (1) use of energy in cellular respiration (2) energy used to obtain food, reproduce, etc. (3) energy release through decay of waste products (4) energy transferred to organisms higher up the food chain

3) Second Law of Thermodynamics – whenever energy is transformed from one form to another, some of it is degraded into heat, which is less usable; 

a) Photosynthesis is inefficient, as only 1-2% of solar energy is transferred into plants; photosynthesis relies upon the fact that the Sun is striking half the Earth at all times, so Earth constantly receives this energy.
b) 10% is left from one trophic level to the next; net loss of energy at each trophic level due to inefficiency (wasted as heat typically)
i) Entropy = a measure of the disorder of a system

ii) Energy flow is modeled by trophic levels

(1) Producers (Autotrophs) are plants;

(2) Primary consumers (herbivores) eat plants; 

(3) Secondary consumers (carnivores) eat primary consumers, etc.
(4) Food chains -v- food webs

Note: 1350 kilograms of corn and soybeans is capable of supporting one person if converted to beef; 350 kilograms of corn and soybeans can support 22 people without converting it!

iii) Ecological Pyramids can be used to model ecosystems
(a) Organisms (pyramid of numbers)
(b) Pyramid of Energy – shows transfer of energy up the food chain

(c) Pyramid of Biomass – displays total biomass at each trophic level

(d) NPP=GPP-Respiration  = Rate at which energy is captured during photosynthesis (GPP) – Cellular Respiration
(e) Most productive ecosystems from an NPP standpoint: Coral reefs, algal beds, tropical rainforests

(i) All the most productive ecosystems are under stress! 
Chapter 5 Themes: Ecosystems and Living Organisms
1) There are interactions among organisms

a) Commensalism – type of symbiosis where one organism benefits other one is not affected either way

b) Mutualism – a symbiotic relationship where both benefit; Parasitism – one suffers

c) Interactions are unique adaptations to environment over many millennia; 

2) Every organism occupies a niche – includes all physical, chemical and biological factors which determine its preferred setting; 

a) Realized -v- fundamental niche: 

i) realized niche is the lifestyle that an organism actually pursues; 

ii) fundamental niche is the “idealized” niche that an organism would pursue given optimal conditions

b) Limiting factors – unfavorable environmental conditions which limit the niche of an organism: 

i) Example: Oxygen content, pollution, salinity of water for blue crabs, temperature for egg development of birds, iron for reproduction of phytoplankton, etc.
c) Competitive Exclusion – one species is excluded from a niche by another due to inability to compete for resources

d) Resource partitioning – natural selection indicates that species that survive do so because they do not exactly overlap in their niches so competition for resources is held in check…includes timing and location of feeding patterns (diff. tree heights for example)

3) Communities are more stable with increasing bio-diversity – loss of biodiversity is adversely affecting the planet in many ways

a) Natural Selection – favored traits eventually win out and are preferred in organisms over time

b) Co-evolution – interdependent evolution of two interacting species (usually develops into a symbiotic relationship)

c) Succession

i) Primary -v- Secondary:
(1) Primary succession occurs where no soil or organisms existed previously – just developing, such as volcanic islands or newly formed sand dunes 

(2) Secondary succession occurs when disturbances to an area cause changes in the makeup of plant and animal species over time, such as an abandoned farm field, a forest after fire, and a developed area allowed to return to nature, etc.
d) Climax communities – one that has remained relatively unchanged in human terms; probably still undergoes long-term changes though

Chapter 4 Themes:  Ecosystems and the Physical Environment


1) The Gaia Hypothesis by Lovelock

a) Earth is a living system (homeostatic)

b) Positive -v- negative feedback loops: Positive feedbacks are responses in an earth system to some environmental disturbance that triggers an exacerbation of the disturbance (magnitude increases); Negative feedbacks are responses in an earth system to some environmental disturbance that triggers a counter-effect of the disturbance to occur, thereby helping to restore the original condition (magnitude decreases);

i) Matter continually cycles on Earth (closed system) between major sources and sinks.

2) Biogeochemical Cycles

a) Carbon cycle p. 90
i) Natural cycling: Respiration -v- photosynthesis

ii) Anthropogenic cycling: global warming a result of deforestation and burning of fossil fuels
b) Nitrogen cycle (p. 92)

i) Nitrogen Fixation – bacteria convert nitrogen (N2) to ammonia (2NH3)

ii) Nitrification – ammonia is converted by aerobic bacteria into nitrite ions, which are then converted to nitrate ions (NO3-)

iii) Assimilation – Plant roots absorb ammonia and nitrate ions to manufacture amino acids, 
proteins, DNA, etc. 

iv) Ammonification – bacteria break down dead material and convert the nitrogen into ammonia and water soluble salts 

v) Denitrification – bacteria convert the NH3 and NH4+ into NO2- and NO3- and then back into N2 gas and N2O gas
(1) Legumes – mutualistic relationship with Rhizobium (bacteria), Legumes get usable nitrogen, Rhizobium receive carbohydrates from the plants

c) Fertilizers – artificially boost nitrogen component in soils

i) NOx emissions, smog, ozone depletion

ii) Acid rain

3) Phosphorus cycle (p. 94)

a) No air component, naturally cycles through rocks/soil/plants/animals/animal waste

b) Anthropogenic cycling due to mining for use in fertilizers, runoff of fertilizers and eventual cul00tural eutrophication

4) Sulfur cycle  p. 96
a) Naturally cycles through rocks/soil and the ocean; Sulfides from ocean spray and SO2 from volcanoes

b) Anthropogenic cycling due to mining, burning of coal and other fossil fuels, development of acid deposition, etc.
5) Water (Hydrologic) cycle p. 97
a) Evaporation or transpiration to produce water vapor (gas), condensation to produce clouds (liquid or ice crystals), precipitation back to Earth’s surface, runoff across surface OR infiltration to become groundwater, and return to the oceans.  

6) Nutrient budgets

a) Inflow > outflow = loading  eutrophication

b) Outflow > inflow = loss  monoculture

Properties of the Atmosphere:

1) Origin and structure of the atmosphere: Troposphere = 1-10 KM; Stratosphere = 10-50 KM and contains the ozone layer; Mesosphere = 50 – 80 KM; Thermosphere = 80 – 500 KM & contains the ionosphere (Aurora Borealis)
2) Earth greenhouse effect: Short waves in (visible light), Earth re-radiates heat (infrared) which are longer waves which are partially blocked ty greenhouse trace gases (including water vapor, carbon dioxide, methane, nitrous oxide, CFC’s, HCFC’s and many other minor ones)
3) Natural factors affecting climate include latitude, mountains (orographic effect & rain shadows), nearness to large water bodies (regulates temperatures), prevailing wind & pressure belt (determines precipitation levels) and other factors such as physical setting and the incidence of El Nino/La Nina (El Nino – Southern Oscillation)
Chapter 6 Themes: Major Ecosystems of the World




1) Biomes are areas of similar climate, soils, plants, and animals on Earth. (p. 118)

a) Tundra

b) Taiga (Boreal)

c) Temperate rain forests

d) Deciduous forests

e) Grasslands

f) Chaparral

g) Deserts

h) Savanna

i) Tropical rain forests

j) Vertical zonation is like equator à poles

k) Wildfires are essential to sustaining certain ecosystems

i) Human suppression of wildfire has led them to become more severe once ignited

ii) Controlled burns are used to allow species to regenerate and promote healthy succession in ecosystems where it is appropriate

iii) Climate change (warming) and arson are contributing to more forest fires in recent years
l) Areas thought to be useless for human use provide valuable ecosystem services.

i) Wetlands (marshes -v- swamps)

ii) Morphology of a pond
(1) Littoral/limnetic/profundal zones
iii) Stratification (thermocline)
iv) Spring and fall turn over

v) NPP = GPP – Respiration 
Chapter 8 Themes: The Human Population



There are factors that affect population size and density.

a) Growth rate = r = (b-d) + (i-e)

b) Density-dependent and density-independent limiting factors

· density-dependent factors are those that worsen as population density increases (predation, disease, competition are density dependent factors)

· Density Independent Factors are usually catastrophic events such as volcanic eruptions, drought, severe weather, etc. 

1) There is environmental resistance that prohibits a population from reaching its biotic potential

i) Carrying capacity of the environment (K) – represents the largest population that can be sustained for an indefinite 

period of time

ii) G.F. Gause (Russian ecologist) grew a population of Paramecium caudatum in a test tube – gave food and watched them grow exponentially until the population growth rate declined to zero as carrying capacity was reached

2) Exponential -v- logistic (sigmoidal) growth curves

i) exponential results in J-shaped curve as doubling time becomes increasingly shorter

ii) Limiting factors and environmental resistance eventually cause curve to level off and become sigmoidal (s-shaped)

3) Reproductive strategies determine your survivorship strategy.

i) Survivorship = the probability that a given individual in a population will survive to a particular age

(1) r-versus K selected species characteristics 
(a) r-selected seek to maximize numbers (have large broods, small body size, early maturity, short life span, 

little or no parental care)

(b) k – Selected species maximize traits that improve survival in an environment where the number of individuals is near the carrying capacity (K) of the environment (invest in parental care, small broods, long life span, etc.

4) Types I, II, III survivorship curves

ii) type I – humans, death greatest in old age



iii) type II – death spread among all ages (lizards) 


iv) type III – death greatest among immature (fishes) 

Isle Royale Example: Predator-prey dynamics (typically, as wolves decreased, moose increased and vice-versa, in a natural progression).  In late 1980’s and early 1990’s, wolves reached all time low (due to disease), and moose naturally increased, but to an all-time high, leading to overgrazing of the island, and subsequent failure not tied to wolves

5) Will humans ever achieve ZPG?

i) Developed -v- developing country population characteristics (infant mortality rates, birth rates, death rates, role of 

women, etc.)

ii) Doubling time: rule of 70:
  Doubling Time = 70/r 

iii) Total fertility rate (avg. number of children born to each woman) and  replacement level fertility (number couple must have in order to replace themselves) always per 1000

iv) Infant mortality rate (IMR) always per 1000

6) Countries go through distinct demographic stages as they develop.

i) Pre-industrial to transitional to industrial to post-industrial

(1) Pre-industrial (birth and death rates high,); transitional (medical advances, educational, food, but birth rates still high); industrial (growth in technology slows birth rate); post-industrial (low birth and death rates)

(2) Age structure diagrams and what the shapes indicate

Addressing Population Issues


Unchecked population growth creates hunger and economic strain on countries.

a) Debt of developing nations is growing

b) Rush to develop and the World Bank

1) Populations consume resources at different rates.

a) Renewable-v- nonrenewable resources

b) People overpopulation -v- consumptive overpopulation

c) New consumers in developing nations may cause consumptive overpopulation

d) Modeling environmental impact: I = P x A x T


Impact = population X Affluence X technology

2) ZPG can be attained by reducing the total fertility rate, but can only be changed by the status of women in that country.

a) Culture

b) Social & economic status of women

i) Marriage age

ii) Education

c) Family planning

3) International governments have an interest in controlling population growth.

a) Development = higher standard of living

b) Culture and religion, not government are the key to controlling growth rates

i) China, India, Mexico City, Egypt

Chapter 9 Themes: The Urban World

· A higher percentage of the world population is moving to cities; 
4) Humans tend to live in concentrations called urban areas.

a) 50% globally, 75% USA

b) Characteristics of urban populations (male-v- female): cities in developing nations have more males, in developed nations more females may live in cities

c) The city as an ecosystem: POET

d) Urbanization adversely affects natural water availability
· Urban environments have both positive and negative environmental consequences
· Waste and pollution are concentrated, increasing exposure and more harmful
· Recycling and mass transportation can be much more functional in a city
· Air pollution a concern
· Homelessness and 
· Urban heat islands/dust domes/temperature inversions (trapping of polluted air)…cities restrict air flow, pavement absorbs heat, increasing ozone pollution and smog
· Brownfields: urban areas of abandoned, vacant factories, warehouses, and residential sites that may be contaminated from past uses (some of these are CERCLA sites…”SUPERFUND” law attempts to clean them up to make them re-usable
· Noise pollution is getting more severe!
· Cities could become more environmentally sensitive through more Compact Development and mass transit!

· Green rooftops becoming more common!

Chapter 11 Themes: Fossil Fuels






Developed countries consume much more energy per capita than developing nation

a) Standard of living & amenities to live

2) Coal is the most abundant fossil fuel on Earth and there are many environmental problems associated with using coal.

a) Coal formation & types

i) Formation of Coal: from fossilized plant/animal remains

ii) Coal Types, in order of increasing carbon content and energy output: lignite, sub-bituminous, bituminous, anthracite 

b) Coal mining methods: Surface mining, mountaintop removal, subsurface mining

c) Safety problems of coal mining

i) Black lung disease

d) Surface Mining Control and Reclamation Act (SMCRA)

i) Deals with acid mine drainage (runoff of sulfuric acid, wastes from mining operations…contaminates water supplies!)

e) Other environmental concerns with using coal:

i) Emits the most CO2
ii) Emissions of SO2 
(1) Acid deposition (lake acidification), Photochemical Smog

f) Scrubbers & electrostatic precipitators are used to filter out the Sulfur Dioxide…helps alleviate smog and acid rain deposition

g) Clean Air Act 1990 (clean-up the big 11)

i) Clean coal technologies

(1) Fluidized-bed combustion (p. 240)

(2) Coal gasification
(3) Coal liquefaction
3) Oil and Natural gas have replaced coal as the primary source of energy for the globe.

a) 65% of the energy consumed in the US

b) Dependence of foreign oil will always accompany the US “oil addiction”
c) Limited reserves globally and in the U.S. 
d) Reserves do not correspond with areas of intensive consumption

e) Problems include spills and access to untapped reserves:
i) Exxon Valdez

ii) Persian Gulf war
iii) BP “Deepwater Horizon” spill
iv) Arctic Wildlife refuge – oil companies want to tap the oil, but it would result in large ecological impacts.
4) Natural gas trapped in underground rock formations can be extracted with the use of high pressure water forced into wells, known has hydraulic fracturing of bedrock = “hydro fracking”

a) Hydrofracking technology has allowed natural gas use to increase dramatically in recent years.  
b) Water pollution from hydro fracking has gained attention as water supplies can be ruined
c) Earthquakes caused by hydro fracking are common in the Midwest and upper Midwest and so far the fossil fuel industry has yet to compensate states/people for them
5) There are other potential fossil fuel resources called synfuels.

a) Tar sands & Oil shales require large volumes of heated water to extract the usable bitumin
b) Gas hydrates (methane hydrates), Liquefied coal & Coal gas (also massive water input) all have limited but growing uses
c) Back to the same problems of CO2, air pollution, & mining

6) The actual cost of energy represented by the prices paid by consumers is artificially low because of government subsidies and externalities.

7) America has an overall national energy strategy (p. 253-255)
a) Objective 1: Increase Energy Efficiency and Conservation
b) Objective 2: Secure Future Fossil Fuel Energy Supplies
c) Objective 3: Develop Alternative Energy Sources
d) Objective 4: Meet the First Three Objectives Without Further Damage to the Environment
Chapter 12 Themes: Renewable and Nuclear Energy





Nuclear energy is a plausible source of electricity production but accounts for a small portion of all the energy produced in the US.

a) Nuclear fuel cycle & enrichment (p. 257-8)

i) U-235

b) How nuclear energy creates electricity (p. 259)
1) Breeder reactors are distrusted by the public and government because they can produce plutonium.

a) U-238, Pu-239, can also use Th-232 or U-235

b) Reprocessing spent fuel

c) Safety (Na(l))

2) Nuclear power has advantages and disadvantages.

a) Reduced emissions-v- spent fuel storage

b) Coal mining -v-uranium mining

c) Cost to build a nuclear plant

d) Maintaining exiting plants

e) Decommissioning plants

f) Meltdowns         

i) Three Mile Island

ii) Chernobyl
3) Nuclear radiation has adverse health effects of the human body
4) Disposing of radioactive wastes is a major challenge.

a) Low-v-high level nuclear wastes

b) Low-Level Radioactive Policy Act

c) Half life = the time it takes for half the atoms of a radioisotope to decay, is usually VERY long

d) Nuclear Waste Policy Act

e) Yucca Mountain

f) Vitrification (boron)

5) Fusion holds promise but is not attainable yet.

a) 2H + 3H à no + 4He

b) Not yet attainable (confining the plasma)

Renewable Energy and Conservation



There are direct and indirect forms of solar energy; and direct solar heating can be either passive or active.

a) Direct

i) Passive (Design & orientation) (p. 279)

ii) Active (collection devices)
iii) Electricity generation

iv) Solar thermal electric (p. 281-2)

v) Photovoltaic cells (p. 282)

vi) Solar-generated hydrogen 
b) Indirect

i) Biomass p. 284-5
ii) Biogas

iii) Synthehols

iv) Wind energy (p. 285-6)

v) Hydropower (p. 288)
(1) THREE GORGES DAM IN CHINA!

vi) Ocean waves (p. 289)

vii) Ocean Thermal energy conversion

2) There are other sources of renewable energy.

         1. Tidal energy p. 291-2
         2. Geothermal energy (p. 290-1)
3) Energy Efficiency is More Effective at Saving Energy Than Any Other Strategy!
a) CFL’s, double-pane windows, high R-value insulation, sealing cracks in windows & doors, lowering thermostats in winter, turning off appliances and lights when not in use, Energy-Star program, etc. all take us further!
Chapter 19 Themes: Air Pollution





There are a variety of types of air pollutants that are classified as primary or secondary.

1) Sources of outdoor air pollutants are specific to human activities.

a) Transportation

b) Fuel Combustion

c) Industrial processes

d) Construction

2) Air pollution causes adverse human health effects
3) Urban environments concentrate air pollutants.

a) Industrial smog -v- photochemical smog

b) Temperature inversions (thermal inversions)

c) Urban heat island & dust domes

4) Effective management practices and technology are available to control air pollutants

a) Electrostatic precipitators

b) Fabric filters

c) Scrubbers

d) Dust control

e) Switch from SOx

f) Lower combustion temps

g) Increase efficiency of furnaces

h) Clean Air Act
i) First passed in 1970 (amended in 1990,1997)

ii) Set limits on the amounts of specific air pollutants

iii) States must meet deadlines to reduce pollutants

iv) Focus is on lead, particulate matter, ozone, carbon dioxide, carbon monoxide, sulfur dioxide and nitrogen oxides

5) Air pollutants can travel long distances.

a) Global distillation effect
6) Indoor air pollution can be more dangerous than outdoor air pollution
a) Sick building syndrome

b) Radon

c) Asbestos

7) Electromagnetism and Noise pollution are other pollutants

a) Decibel-levels and hearing loss

b) EMF (electric & magnetic fields) & tumors? (data insufficient)
8) There is a seasonal hole in the stratospheric ozone layer that is enhanced by specific pollutants.

a) Benefits of the ozone layer

b) CFC's destroy the ozone layer

c) Effects of ozone depletion

d) Montreal Protocol
e) Substitutes fro CFC's: HFC's & HCFC's

f) Smuggling CFC's

9) Acid deposition, both wet and dry, first occurred during the industrial revolution.

a) The pH scale & [H+] ions

b) SO2 and NOx emissions are exported

c) Forests decline from acidic deposition

d) Acid deposition alters soil chemistry and species in lakes

i) Adirondacks

e) NOx emissions are increasing rapidly, despite controlling SOx

Chapter 20 Themes: Global Climate Change




Global warming is a trend that can not be ignored 
b) The greenhouse effect (p. 479)

i) Greenhouse gases: CO2, CH4, N2O, CFC's, O3 
ii) The aerosol effect – counteracts warming…(volcanic eruptions – sulfur oxides, for example)

c) 5 major effects of global warming

i) melting ice & rising sea levels

ii) change in precipitation patterns

iii) effects on organisms

iv) effects on human health

v) effects on agriculture

d) Shut off the ocean conveyor belt?

e) International implications & environmental refugees

1) There are strategies to combat global warming.

a) Kyoto Protocol

b) Sequester carbon in trees

c) Carbon management

d) Fertilizing the oceans with iron

e) Adaptations by humans

Chapter 13 Themes: Water – A Limited Resource




Water is responsible for life on earth

a) Properties of water – cohesion, high specific heat, universal solvent, hydrogen bonding, exists in all 3 phases

b) Water cycle

c) Groundwater anatomy
1) There are water resource problems

a) Too much (Floods 93) – dumps pollutants onto farmlands, damages structures & houses, etc.; Increases spread of 

disease, etc.

b) Too Little – droughts becoming more common – make people vulnerable and creates food shortages 

i) Overdrawing aquifers – lead to changes in flow dynamics of aquifer systems; pollution can spread quickly in some materials

ii) Salt-water intrusion

iii) Lowering the water table

(1) Overdrawing Surface water

(2) Soil salinization

2) Water issues in the United States and the around the globe

a) Mono Lake, CA: becoming salty – but rebounding now that L.A. cannot make withdrawals…

b) Colorado River basin – huge drinking water surface system, becoming salty & pollutants concentrated; creates disagreements between Mexico & USA

c) Ogallala aquifer – largest underground aquifer in world; over-pumping for agriculture is problem; aquifer is 


unevenly distributed over wide area, parts are in a prolonged drought…

d) Rhine River – Europe (Switz., Ger., France, Luxembourg, Neth.,) – polluted by all, but most pollution ends up downstream near North Sea in the Netherlands, who had to clean it before use at great expense (international problem); All had to agree to begin solving the problem

e) Aral Sea – Kazakstan; over used for irrigation, shrinking considerably and becoming salty

3) Water is managed and conserved
a) Dams

b) Fish migration – should use fish ladders

i) Sedimentation – excess buildup behind dam changes ecosystems, warms waters behind dam, etc.

c) Aqueducts – must be maintained to avoid leakages…

d) Agriculture – drip irrigation could improve the situation, stop wasting with evaporative methods

e) Gray water use – may provide some relief if put into each new home

Oceans Resources Themes
1) The world's oceans have distinct zones that organisms are adapted to live in.
a) Ocean as a desert

b) Marine snow – organic debris that drifts down to deep water habitat to help sustain life there

c) Coral bleaching – loss of zooxanthellae whitens corals but minimizes their suitability for sustaining ecosystems

2) The Everglades in Florida are in the process of being restored
a) USACOE controls water.

b) . What's left for the Everglades?

c) Lack of water & contaminants           

d) Affects on Florida Bay (salinization & blooms)

3) Because the world's oceans are a commons, the fishing industry harvests unsustainably.

a) Role of technology in fishing

b) Types of fishing methods

c) Factory trawlers

d) Fishery management in the United States

e) Magnuson Fishery Conservation Act (8 regions)

i) Protect essential habitat

f) Coastal pollution

g) Aquaculture

i) Solution (15% growth)-v- problem (escape)
h) Magnuson Stevens Conservation Act.

4) Ocean Acidification continues to occur as a result of increased levels of CO2 in the atmosphere.

a) CO2 dissolves into ocean water
b) The Carbonate/Bicarbonate reactions are driven to produce Hydrogen ions = MORE ACIDIC
c) Shells made of calcium carbonate are thinner, or cannot be made in the first place
d) Mass extinction event happening now????
Chapter 21 Themes: Water Pollution





1) There are many types of water pollution

a) Sewage – release of wastewater from drains, sewers; includes human wastes, soaps, detergents
i) Sewage creates enrichment – the fertilization of water due to high levels of plant and algal nutrients (nitrogen & phosphorous); 
ii) Increased Biological Oxygen Demand also occurs – the amount of oxygen needed by microorganisms to decompose the wastes into CO2, water and minerals

b) Disease causing agents – includes protozoans, viruses, parasitic worms, bacteria, etc.  

i) Fecal coliform (E-Coli), a common intestinal bacteria can be a warning that others are present

c) Sediments – excess amounts of suspended particles (around dams, reservoirs, and from excess iron of agricultural lands and near roadways); reduces light penetration, warms the waters, 

d) Nutrients (primarily nitrogen and phosphorous)
i) Dead Zones – Gulf of Mexico has been killed due to high BOD, excess nutrients and pollutants washed down via Mississippi River

e) Organic Compounds – chemicals containing carbon atoms – many synthetic chemicals produced by human activity including pesticides, herbicides, solvents, industrial chemicals;  These may also include endocrine disruptors and/or synthetic compounds such as medicines, birth control hormones, etc.
f) Inorganic compounds – contaminants that contain elements other than carbon, including salts, acids, heavy metals, acids, salts, metals

i) Lead, Mercury continue to be problematic in many waterways

g) Radioactive substances – Radon (naturally occurring), can also get into water, although concentration is small may cause large health risk

h) Thermal pollution – heating of waters tied to nuclear power plants, other steam generated power plants, other manufacturing plants, excess sedimentation, etc.

2) Eutrophication is both natural and human induced

a) Oligotrophic -v- eutrophic lakes
i) Oligotrophic = clear water with minimal nutrients can support just a few small populations of aquatic organisms
ii) Eutrophic = enrichment of lake, estuary, or stream due to inorganic plant or algal nutrients most notably phosphorous, nitrogen (enrichment leads to increased photosynthetic activity, with vast algae and cyanobacteria making the water cloudy, upon which millions of decomposing bacteria feed (creating an unusually high BOD), which then uses up all the oxygen, often termed “artificial eutrophication, or cultural eutrophication)

b) Point source = discharged into the environment through pipes, sewers, ditches, etc. from factories or sewage treatment plants

c) Nonpoint Source = polluted runoff from agricultural lands, roadways, mining wastes, construction sediments, etc.

3) Agriculture is the number one source of water pollution (72% of pollution in rivers attributable to agriculture)

a) Animal wastes – produces high BOD

b) Fertilizers – high BOD 

c) Pesticides – may adversely affect human health and the health of aquatic organisms

d) Soil erosion – increases suspended solids

4) Water is treated for human consumption and/or to improve the quality of discharge into the environment

a) Steps to drinking water treatment

b) Chlorination-v-fluoridation

i) “Chlorine dilemma” – chlorine kills many infectious microorganisms, but may also increase risk of various forms of cancer!  

ii) Peru outbreak of cholera killed 3,500 people after chlorination was stopped due to cancer risk…alternatives to chlorine include UV light sources, activated carbon granule filters (Cincinnati); 

c) Steps of sewage treatment –

i) Primary (screen, sedimentation); 

ii) Secondary (aeration tank, aerobic biological treatment, sedimentation II, chlorinator)

iii) Tertiary treatment: Tertiary treatment usually uses advanced biological or chemical treatment and focus is on removal of ammonia, nitrates, and phosphates, further purification, etc. (MOST sewage treatment facilities are not treating at this level as of yet)
5) Laws passed to protect against water pollution

a) Safe Drinking Water Act (1974)

i) Federal standards for maximum contaminant levels (set by EPA), also established “goal” levels (may still be somewhat harmful)

b) Clean Water Act – 1977 (1972 it was called the Water Pollution Control Act)

i) Stop pollution at the source – eliminate discharge of point pollution

ii) Emission limitations for point sources

iii) make waterways sufficient for fishing, swimming

(1) Established the “National Pollutant Discharge Elimination System” and the states followed with “SPDES”

(2) 1987 amendments expanded NPDES to include nonpoint sources

c) RCRA (resource conservation and recovery act) – 1976 and amended in 1984 - deals with storage and disposal of hazardous wastes
Chapter 14 Themes: Soils and Their Preservation



Soil is composed of weathered rock fragments, humus (organic material), water and air

a) Soil develops into layers called horizons (A, B, C, and unweathered bedrock)

b) Soil organisms help remove nutrients from soil and make them available to plants

c) Soil TEXTURE = the % Sand, % Silt and % Clay in a soil sample (use the triangle)

d) pH of soil is critical to the uptake of nutrients by plants…critical to the health of plants

1) Problems with soil:

· Soil Erosion due to increased pavement, deforestation, and removal of vegetation from riparian zone along streams

· Nutrient mineral depletion due to overuse in agriculture

· Soil pollution due to spills, toxic chemicals, etc.

· Overuse of inorganic chemical fertilizers leads to runoff and eutrophication of streams, lakes

2) Solutions to problems:

· Conservation tillage – leave unused crop on field to replace nutrients

· Contour plowing or strip cropping or terracing can all be done on hillsides to help reduce erosion

· Shelter belts = plant a row of trees to reduce wind erosion, hold soil in place

· Rotate crops so that same nutrient is not being depleted all the time

· Develop composting programs to help maintain soil health

Chapter 22 Themes: The Pesticide Dilemma & Pest Management



1) There are a variety of pesticides that are named by their target function.

a) Fungicides-v-rodenticides-v-herbicides

b) Narrow spectrum -v- broad spectrum pesticides

c) Major groups of insecticides

i) Chlorinated hydrocarbons-v-organophosphates-v-carbamates

d) Major types of herbicide

i) Selective-v-nonselective

ii) Broad-leaf-v-grasses

2) Pesticides were used in the Vietnam War to defoliate the jungle.

a) Agent Orange and dioxins of 2,4-D caused cancer

3) Disease control and crop protection are major benefits of pesticide use.

4) There are problems associated with pesticide use.

a) Persistence, Bioaccumulation & biomagnification
b) Targets developing genetic resistance
i) Resistance management (refuges)

c) Ecosystem imbalances

i) New pests

ii) Beneficial wiped out

Chapter 17 Themes: Land Resources and Conservation



Land as a Resource

1) Natural areas are administered by a variety of governmental agencies and these areas provide valuable ecosystem services.

a) Private-v-public land ownership statistics
b) Bureau of Land Managament (BLM), National Park Service (NPS), Fish & Wildlife Service (FWS), FS

c) Wilderness Act

d) Wild and Scenic Rivers Act

e) National parks

i) Let nature take its course

f) Wildlife refuges

2) In the Unites States and Europe, there are more forests growing today than at the turn of the century.

a) Types of forest management

b) Ecologically sustainable forest management practices

c) Wildlife corridors

d) 4 methods of harvesting trees
Chapter 18 Themes: Food Resources: A Challenge for Agriculture


3) Humans have dietary requirements to live.

a) Undernourished-v- malnourished-v- over-nourished

i) Kwashiokor -v- marasmus

b) Famines (natural and political)

4) There is enough food on the globe to eliminate hunger, but people are still starving.

a) World grain carryover stocks

i) Food security

b) Trend in shifting diets based upon level of development

c) Distribution of food is the key economic barrier

d) Different cultures have unique food perceptions

5) The dominant type of agriculture is high-input agriculture.

a) Subsistence agriculture (Shifting agriculture)

6) Domestication has adversely affected genetic diversity of farm species.

a) Crops not surviving under natural conditions

b) Increasing crop yields

c) The Green revolution

i) Solutions and problems

d) Livestock yields increase with the addition of antibiotics and hormones

7) There are many adverse environmental impacts from agriculture.

a) Agriculture is the primary source of non-point source pollutants.

b) Mississippi River and dead zones in the Gulf of Mexico

c) Degradation occurs because monoculture reduces soil fertility

d) Irrigation is stressing the Ogallala aquifer and Colorado River

e) High-input agriculture has fostered agribusinesses and pushed out family farms

8) There are solutions to agricultural problems.

a) The move to sustainable agriculture

b) Organic farming

c) IPM

d) Genetic engineering & genetically modified crops

i) Backlash of GM strains (perceived risk & escape)

ii) No FDA labeling requirements

Chapter 16 Themes: Preserving Earth’s Biological Diversity



1) There a five major reasons why we need to preserve Earth's biodiversity.

a) Ecosystem services & ecosystem simplification

b) Genetic reserves

c) Scientific importance

d) Medicines, Agriculture and Industry

e) Aesthetic, Ethical and Spiritual

2) Human activities have greatly accelerated the rate that species are going extinct.

a) Threatened-v-endangered

b) Characteristics of an endangered species

3) Tropical rainforests occupy 7% of the Earth's surface, but they house 40% of the Earth's species

a) Tropical deforestation & songbirds

b) No foundation for adaptive radiation

4) Human activities are endangering too many species

a) Habitat loss

b) Exotic species (biotic pollution)

c) Exotics-v-endemics

d) Pollution

e) Overexploitation

f) Commercial harvesting (& commercial extinction)

5) Certain species act as early warning sensors for possible environmental catastrophy.

a) Bellwether (sentinel, indicator) species

b) Frog: decline and deformities (p. 383)

6) Conservation biology protects species both in and out of nature.

a) In-situ -v- ex-situ conservation strategies

b) Habitat preservation

c) Restoration ecology

d) Artificial insemination

e) Embryo transfer

f) Seed banks

7) Governments have passed legislation to protect biota.

a) ESA

b) Habitat Conservation Plans (HCP's)

c) CITES

8) Humans actively manage wildlife populations

a) USFWS

b) Flyways
c) Songbirds and arctic geese

d) International Whaling Commission

9) There are distinct actions that can betaken to protect biodiversity.

a) Public awareness

b) Support research

c) Establish International park system

d) Control pollution


i) Give economic incentives to locals

ii) Debt for nature swaps

iii) Profit sharing

e) Tax incentives for habitat conservation

Chapter 23 Themes: Solid & Hazardous Wastes




I. Solid Waste

a. The U.S. generates more solid waste, per capita, than any other country (2.1 kg per person per day)

b. Waste generation is an unavoidable consequence of prosperous, high-technology industrial economies

c. Types of solid waste

i. Municipal solid waste is a heterogeneous mixture compose primarily of paper and paperboard, yard waste, plastics, food waste, metals, rubber, leather, textiles, wood, and glass

ii. Municipal solid waste is discarded by homes, office buildings, retail stores, restaurants, schools, hospitals, and other commercial and institutional facilities

iii. Nonmunicipal solid waste is generated by industry, agriculture, and mining

d. Disposal of solid waste

i. Dump it and/or bury it

1. Open dumps

2. Sanitary landfills

a. Open dumps have been replaced by sanitary landfills
b. They receive about 54% of the solid waste generated in the U.S.

c. They use sophisticated systems to collect leachate
3. Problems associated with sanitary landfills

a. Production of methane gas

b. Contamination of surface water and groundwater by leachate

c. Closing a full sanitary landfill involves considerable expense

d. The special problem of plastic

i. Most plastics are chemically stable and do not readily break down, or decompose

ii. Special plastics have the ability to degrade or disintegrate (i.e., photodegradable and biodegradable plastics)

e. The special problem of tires

i. Made of vulcanized rubber which cannot be melted and reused

ii. They are a fire hazard and provide breeding habitats for mosquitoes

ii. Burn it (incineration)

1. Incineration reduces the volume of solid waste by up to 90%

2. Incineration produces heat that can make steam to warm buildings and generate electricity

3. Types of incinerators

a. Mass burn incinerators are large and are designed to recover the energy produced from combustion

b. Modular incinerators are smaller and burn all solid waste

c. Refuse-derived fuel incinerators burn only the combustible portion of solid waste

4. Problems associated with incineration

a. Air pollution

i. Incinerators can pollute the air with carbon monoxide, particulates, heavy metals, and other hazardous materials

ii. Lime scrubbers and electrostatic precipitators can be installed as pollution control devices

b. Large quantities of ash are produced and must be disposed of properly

i. Bottom ash (slag)

ii. Fly ash

c. High cost

iii. Compost it

II. Waste Prevention

a. Reducing the amount of waste: source reduction

i. The most underutilized aspect of waste management is source reduction
1. Purchase products with less packaging and that last longer or are repairable

2. Reduce consumption

ii. Dematerialization is an example of source reduction

iii. The Pollution Prevention Act (1990) was the first U.S. environmental law to focus on the reduced generation of pollutants at their point of origin

b. Reusing products

c. Recycling materials

i. Preferred over landfill disposal because it conserves our natural resources and is more environmentally benign

ii. Recycling has a positive effect on the economy

iii. Recyclables are usually sent to a materials recovery facility
iv. Currently, the U.S. recycles about 32% of its municipal solid waste

v. Recycling paper

1. The U.S. currently recycles about 50% of its paper and paperboard

2. There is a growing demand for U.S. wastepaper in other countries

vi. Recycling glass

1. The U.S. currently recycles about 25% of its glass containers

2. Glass food and beverage containers are crushed to form cullet
vii. Recycling aluminum

1. Making a new aluminum can from a recycled one requires a fraction of the energy it would take to make a new can from raw material

2. Strong economic incentive drives aluminum recycling

viii. Recycling metals other than aluminum

1. Other recyclable metals include lead, gold, iron and steel, silver, and zinc

2. Greater recycling generally occurs when the economy is strong than when there is a recession

ix. Recycling plastic

1. Less than 20% of plastic is recycled, mainly due to economic reasons

2. Recycled plastic is used to make carpeting, automobile parts, tennis ball felt, and polyester cloth

x. Recycling tires

1. About 290 million tires are discarded in the U.S. each year

2. Recycled tires can be used for playground equipment, trashcans, garden hoses, and rubberized asphalt for pavement

d. Integrated waste management uses a combination of the best waste management techniques to deal effectively with solid waste

III. Hazardous Waste

a. Hazardous waste accounts for about 1% of the solid waste stream in the U.S.

b. The Superfund law holds polluters accountable for the cost of hazardous waste cleanup

c. Types of hazardous waste

i. Dioxins

1. A group of 75 similar chemical compounds formed as unwanted by-products during the combustion of chlorine compounds

2. Dioxins are emitted in smoke and then settle on plants, the soil, and bodies of water; from there they are incorporated into the food web

3. Dioxins are known to cause several kinds of cancer in laboratory animals

4. Dioxins may have an effect on the human reproductive, immune, and nervous systems

ii. PCBs

1. Polychlorinated biphenyls (PCBs) are a group of 209 industrial chemicals composed of carbon, hydrogen, and chlorine

2. PCB toxicity tests reveals that they harm skin, eyes, reproductive organs, the gastrointestinal system, and are endocrine disrupters

3. Several studies suggest that PCBs may be carcinogenic

d. Management of hazardous waste

i. We have the technology to manage hazardous waste in an environmentally responsible way, but it is extremely expensive

ii. No country currently has an effective hazardous waste management program

iii. Chemical accidents

1. When a chemical accident occurs in the U.S. the National Response Center (NRC) is notified

2. Most involve oil, gasoline, petroleum spills or one of more than 1000 other hazardous materials (i.e., PCBs, ammonia, sulfuric acid, and chlorine)

3. Industry and government agencies have focused on accident prevention through the principle of inherent safety
iv. Current management policies

1. The Resource Conservation and Recovery Act (1976, 1984, 1992)

2. The Superfund Act (1980)

v. Cleaning up existing hazardous waste:  the superfund program

1. The U.S. has more than 400,000 hazardous waste sites with leaking chemical storage tanks and drums, pesticide dumps, and piles of mining waste

2. These sites are not identified according to any particular criteria

a. Sites placed on the Superfund National Priorities List will be given government assistance in their cleanup

b. As of 2006, 1558 sits were on this list

c. One in three Americans lives within 5km (3mi) of one or more Superfund sites

vi. The biological treatment of hazardous contaminants

1. Bioremediation is the use of bacteria and other microorganisms to break down hazardous waste into relatively harmless components

2. Phytoremediation is the use of plants to absorb and accumulate hazardous materials from the soil

3. More than 1,000 species of bacteria and fungi have been demonstrated to clean up various forms of pollution

vii. Managing the hazardous waste we are producing now

1. Source reduction relies on environmental chemistry (green chemistry)

2. Conversion to less hazardous materials

3. Long-term storage

a. Currently there are only 23 commercial hazardous waste landfills in the U.S.

b. Some liquid hazardous wastes are stored in the Earth’s crust by deep well injection

i. Fuels

ii. Explosives,

iii. Pesticides

iv. Organic compounds

IV. Environmental Justice

a. Environmental justice and ethical issues

i. Many advocates of environmental justice are calling for special efforts to clean up hazardous sites in low-income neighborhoods

ii. Groups base their demands on the inherent “rightness” of their position

b. Mandating environmental justice at the federal level

c. Environmental justice and international waste management

i. The export of both solid and hazardous wastes by the U.S., Japan, and the European Union is one of the most controversial aspects of waste management today

ii. The Basel Convention (1989) restricts the international transport of hazardous waste

V. Meeting the Challenge:  Municipal Solid Waste Composting

a. A large-scale composting of the entire organic portion of a community’s garbage

b. Two-thirds of all household garbage is organic

c. Initial composting occurs quickly, in three to four days

d. The potential market for compost is huge

