
CHAPTER 1


Environmental Problems, Causes, & Sustainability
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Core Case Study: Living in an Exponential Age


Describe exponential growth and what the graph would look like.


A quantity increases at a fixed % per unit of time. Growth 



starts slow but then begins to increase drastically.
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Human population is experiencing exponential growth, therefore, we consume vast amounts of food, water, raw materials, and energy, and we produce huge amounts of pollution and waste.

What is the population likely to be in 2050 if we keep up this pattern? 9.3 billion
Continued human exponential growth could lead to the following:

1. Irreversible loss of 1/3 to ½ of the world’s biodiversity
2. A change in the Earth’s climate from increased burning of fossil fuels and clearing of forests.
1-1: What Is an Environmentally Sustainable Society?

What is included in the “environment”? includes all of the living and nonliving things that we interact with on a daily basis
What does it mean to say that environmental science is an interdisciplinary study? Integrates information and ideas from biology, chemistry, geology, geography, economics, demography, political science, philosophy, and ethics
Ecology is a key subfield of environmental science. A major focus of ecology is the study of how living things interact with their environment and with each other.

What is environmentalism and how is it different from environmental science? Environmentalism is a social movement that is dedicated to protecting the earth’s life support systems that practice more in political and ethical arenas. Environmental science practices more in the science realm and research.
What is sustainability? (This is very important!) ability of the earth’s natural systems, human cultural systems, and economies to survive and adapt to changing environmental conditions indefinitely.
Key Components of Sustainability:

	Natural Capital
	Humans Degrade Natural Capital
	Solutions

	Natural Resources- materials and energy in nature
Natural Services- functions of nature
    Nutrient Cycling

      circulation of chemicals through organisms and back to the environment 
Supported by Solar Capital- 
energy from the sun
	Humans degrade the environment by using resources faster than they can renew
	Solutions are limited by current technology and political involvement


The ultimate goal is an environmentally sustainable society, which is one that meets the current and future basic needs  of its people in a just and equitable manner without compromising future generations.


1-2: How Can Environmentally Sustainable Societies Grow Economically?


What does it mean to say “per capita?” per person

What is economic development? Uses economic growth to improve 


living standards
Developed Countries   

 
vs. 


Developing Countries

US, Canada, Japan, Australia, New

Most of Africa, Asia, and Latin America

Zealand, and most of Europe


Represents a majority of the world

Highly industrialized, high per capita

Experiencing a higher population growth

GDP






rate than developed countries

More than ½ of the people in the world live in extreme poverty.
We should put more emphasis on environmentally sustainable economic development which involves using political and economic systems to discourage environmentally harmful and unsustainable forms of economic growth.
Looking at Figure 1-5, developed countries only have 18% of the population, but have 88% of resource use and 75% of pollution and waste.

1-3: How Are Our Ecological Footprints Affecting the Earth?

Define: Resource- anything obtained from the environment to meet our needs and wants


  Conservation- management of natural resources with the goal of minimizing waste
and sustaining supplies for the future


  Perpetual Resource- renewed continuously


  Renewable Resource- can be replenished fairly quickly through natural processes



Examples: forests, grasslands, fisheries, fertile soil


  Sustainable Yield- highest rate at which a renewable resource can be used

indefinitely without reducing its available supply


  Environmental Degradation- occurs when we exceed a renewable resource’s natural

replacement rate

3 Types of Property or Resource Rights:

	Private Property
	Common Property
	Open Access Renewable Resources

	-individuals or firms own the rights to land, minerals, etc

	-rights to resources are held by large groups of individuals
	-owned by no one and available for use by anyone at no charge


What is meant by “tragedy of the commons”? resources that are common or open access are

vulnerable to degradation because no one is in charge of controlling its use 


“If I do not use this resource, someone else will. The little bit that I pollute is not

enough to matter.”
Solutions:

1. Use shared resources at rates well below their estimated sustainable yields 
2. Convert open access resources to private ownership


Define: Nonrenewable Resources- exists in a fixed quantity or takes millions of years to replenish
Examples- coal, oil, aluminum, sand

   Reduce- decrease use

   Reuse- using a resource over and over in the same form

   Recycle- processing waste into new materials

   Ecological Footprint- amount of biologically productive 
 

and water needed to supply the people in a 

particular area with resources and to absorb and recycle the waste and pollution produced by those resources

Per Capita Ecological Footprint- average ecological footprint per person
If the rest of the world consumed as much as the US, we would need 5 more Earths.

Case Study- China’s New Affluent Consumers


Why is China now putting an immense pressure on the earth’s natural capital? Many

are attaining middle class, affluent lifestyles, thus consuming more resource and creating more waste
How has culture changed our ecological footprints? 

Culture- the whole of societies knowledge, belief, technology, and practices

Homo sapien culture has changed drastically:

Hunter-Gatherer ( Agricultural Revolution ( Industrial Revolution ( Information-Globalization Revolution
1-4: What Is Pollution and What Can We Do about It?
	
	Pollution
	

	Point Sources- from a single, identifiable source
Ex: smokestack, drainpipe, exhaust pipe

	Define- anything in the environment that is harmful to the health, survival, or activities of humans or other organisms
	Nonpoint Sources- dispersed and often difficult to identify
Ex: pesticides blown from land, fertilizer runoff


	Types of Pollutants:
	Biodegradable Pollutants
	Nondegradable Pollutants

	
	harmful materials that can be

broken down by natural processes (newspaper)
	harmful materials that natural

processes can't break down (lead, arsenic)


Pollutants have 3 types of unwanted effects:


1. Disrupt or degrade life support systems

   

2. Damage wildlife, human health, and property

  
 
3. Create nuisances such as noise, odors, tastes, etc
   Solutions:


Pollution Cleanup- cleaning up or diluting the pollutant after it has been produced


Problems with Cleanup:



   1.  Temporary Bandage

                       2.  Removing pollutant in one part of the environment often creates pollution                                

                             in another part

3. Costs too much to reduce harmful levels

Pollution Prevention- reduces or eliminates the production of pollutants
1-5: Why Do We Have Environmental Problems?

5 Basic Causes of Environmental Problems:


	1. Population Growth
	with 7 billion people on earth, our demand for resources has exploded, thus putting pressure on all of earth's natural systems; we are also  increasing in affluence in many areas

	2. Unsustainable Resource Use
	we are using our natural resources beyond their sustainable yield leading to rapid environmental degradation

	3. Poverty
	desperate for short term survival; forests, soil, grasslands, fisheries, and wildlife are degraded at a rapid rate

	4. Excluding Environmental Costs from Market Prices
	prices do not include the environmental costs, cost of degradation, or health costs

	5. Not Knowing Enough About Nature
	we all have different views on the seriousness of environmental problems; poverty stricken areas are generally uneducated about long-term effects




  
Case Study: The Environmental Transformation of Chattanooga, TN

Describe how Chattanooga is becoming a sustainable city. 

-encouraged relocation of zero emission industries, replaced diesel buses with

electric buses, expansive recycling program, revamped low income housing, built tourist attractions (TN Aquarium)
Individuals Matter:


How has Aldo Leopold contributed to the study of environmental science? 

“The role of the human species should be to protect nature, not conquer it.”


-leader of the conservation and environmental movements


-wrote the book Sand County Almanac
1-6: What Are Four Scientific Principles of Sustainability?
1. Reliance on Solar Energy- warms the planet and supports photosynthesis
2. Biodiversity- variety of organisms, genes, ecosystems, and natural services
3. Population Control- competition places limits on growth
4. Nutrient Cycling- recycles chemicals that plants and animals need for survival
CHAPTER 2




Science, Matter, Energy, and Systems



Core Case Study: Carrying Out a Controlled Scientific Experiment


Controlled experiments only test 1 variable at a time.

Describe how Bormann and Likens’ experiment with deforestation is a controlled experiment. Their experiment measured the effects of deforestation on the loss of water and soil nutrients. Dams were built so that all water and nutrients could be collected and measured for volume and content. The forested valley was the control group and the deforested area was the experimental group.
2-1: What Is Science?

Steps to the Scientific Process

1. Identify a problem.
2. Propose a hypothesis.
3. Test the prediction with further experiments.
4. Accept or reject hypothesis

a. Scientific Theory- well tested and highly accepted hypothesis
b. Peer Review- when scientists examine and critique the validity of work done by other scientists
Define: Scientific Law- well tested and highly accepted description of what we find

happening again and again

  Paradigm Shift- occasionally new discoveries can overthrow a previously accepted

theory
Science Focus: Easter Island


What is special about Easter Island? This island represents a situation in which humans can seriously degrade their own life support system. Research shows that the Polynesians began living unsustainably by using the island’s forest and soil resources faster than they could be renewed. Without the forest, the streams dried up, soil eroded, crop yields plummeted, and famine struck.



2-2: What Is Matter?


	Matter-
	Element-
	Compound-
	Atom-
	Atomic Theory-
	Isotopes-

	Anything that has mass and takes up space

	Substance that cannot be broken down into simpler substances
	Combination of 2 or more elements

	Smallest unit of matter
	All elements are made of atoms
	Element having the same atomic # but different mass


	pH-
	Acidic-
	Basic-

	Measure of acidity based on amount of H+ ions and OH- ions
-Each step in the pH scale changes the concentration of H+ ions by a factor of 10.
	More H+ ions than OH- ions
Has a pH less than 7
	More OH- ions than H+ ions 
Has a pH greater than 7


Ions to Know:

	Ion
	Symbol
	Ion
	Symbol

	Hydrogen ion
	H+
	Chloride ion
	Cl-

	Sodium ion
	Na+
	Hydroxide ion
	OH-

	Calcium ion
	Ca2+
	Nitrate ion
	NO3-

	Aluminum ion
	Al3+
	Sulfate ion
	SO42-

	Ammonium ion
	NH4+
	Phosphate ion
	PO43-


 Compounds to Know:

	Compound
	Formula
	Compound
	Formula

	Sodium Chloride
	NaCl
	Methane
	CH4

	Carbon Monoxide
	CO
	Glucose
	C6H12O6

	Carbon Dioxide
	CO2
	Water
	H2O

	Nitric Oxide
	NO
	Hydrogen Sulfide
	H2S

	Nitrogen Dioxide
	NO2
	Sulfur Dioxide
	SO2

	Nitrous Oxide
	N2O
	Sulfuric Acid
	H2SO4

	Nitric Acid
	HNO3
	Ammonia
	NH3


	Organic Compounds- contain at least 2 Carbon atoms combined with atoms of 1 or more elements

	1. Hydrocarbons
	Example- methane, natural gas, octane

	2. Chlorinated Carbons
	Example- DDT

	3. Simple Carbohydrates
	Example- glucose



High Quality Matter



vs. 


Low Quality Matter


Highly concentrated, typically found 

Not highly concentrated, deep underground,

Earth’s surface, great potential for use

little potential for use as a resource

as a resource
Examples: salt, coal, gasoline

  Examples: solution of salt water, coal-fired









plant emissions, car emissions

2-3: How Can Matter Change?

Define: Physical Change-chemical composition doesn’t change; ex: ice melting


  Chemical Change- change in arrangement of atoms; ex: burning coal


  Nuclear Change- changes in the nuclei of atoms
Radioactive Decay- isotopes emit fast moving subatomic particles, high energy

radiation, or both
Nuclear Fission- nuclei are split into lighter nuclei when struck by neutrons


Nuclear Fusion- two isotopes of light elements are forced together at

extremely high temperatures until they fuse to form a heavier nucleus

   Law of Conservation of Matter- when a physical or chemical change occurs, no

atoms are created or destroyed; there is no “away” in nature
2-4: What is Energy and How Can It Be Changed?

	Energy- capacity to do work or transfer heat

	Kinetic Energy
	Potential Energy

	moving energy

Ex: wind, Heat, Electromagnetic Radiation
	stored energy
Ex: unlit match, nuclear energy stored in nuclei


	Energy Quality- measure of an energy source’s capacity to do useful work

	High Quality Energy
	Low Quality Energy

	Concentrated and has a high capacity to do work
EX: high temperature heat, concentrated sunlight
	Dispersed energy that has little capacity to do work
EX: heat dispersed in the ocean or air



	Laws of Conservation of Energy

	First Law of Thermodynamics-
	Second Law of Thermodynamics

	“Energy cannot be created or destroyed; it can only change form.”

	“Energy loses quality when it changes from one form to another.”


2-5: What Are Systems and How Do They Respond to Changes?


Positive Feedback Loop- causes a system to change further in the same direction


Example: decreasing vegetation leads to erosion and nutrient loss, which causes more

vegetation to die, which causes more erosion and nutrient loss, and so on

Negative Feedback Loop- causes a system to change in the opposite direction; stabilizing


Example: thermostat in your home
Tipping Point- a threshold level that causes a fundamental shift in the behavior of a system
Synergy- occurs when two or more processes interact so that the combined effect is greater

than the sum of their separate effects


Example: During the incineration of trash, chemical toxins can combine to form

“super toxins,” like Dioxin
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Dioxin is a synergistic chemical that comes from the incineration of waste. It is very toxic!








Valerie Head, Archer High School


