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Course Description

AP Environmental Science (APES) is designed to be the equivalent of a one-semester, college level course that incorporates both physical and biological sciences in the study of the environment.  This course provides students with the scientific principles, concepts, and methodologies required to understand the interrelationships of the natural world. The curriculum draws upon a variety of scientific disciplines and includes quantitative analysis of data and a significant laboratory and field investigation component. This course includes methods for analyzing and interpreting information and experimental data, including mathematical calculations.  Students will also learn how to identify and analyze environmental problems, evaluate the ecological and human risks associated with these issues, and to critically examine various solutions for the prevention and resolution of such problems. 

Class Profile:

Section size can vary from 12 to 30 students.  The course meets each day for 47 minutes over a six-day cycle with an extra lab period meeting twice during the cycle.

Course Prerequisites:

Students enrolled in AP Environmental Science must have already taken both biology and chemistry.  This course requires substantial fieldwork, outside activities and field trips.  Students must be willing to attend the mandatory field trips and be comfortable with going outside in all types of weather.

Textbook:

Andrew Friedland, Rick Relyea and David Courard-Hauri.  Environmental Science for AP, BFW, Freeman and Company, 41 Madison Avenue, New York, NY 10010.

Summer Assignment Includes:

1. Read and Outline Chapters 1 and 2 

2. Read “Tragedy of the Commons” by Garrett Hardin and summary questions.

3. Define vocabulary, write out full chemical name for substances listed.

4. Review math and complete the math assignment.

5. Environmental law research assignment.

6. Sustainability essay.

APES Covers Seven Major Topics:

· Earth Systems and Resources (10-15%)

· The Living World (10-15%)

· Population (10-15%)

· Land and Water Use (10-15%)

· Energy Resources and Consumption (10-15%)

· Pollution (25-30%)

· Global Change (10-15%)

Key Understandings:

1) Science is a process.

a. Science is a method of learning more about the world.

b. Science constantly changes the way we understand the world.

2) Energy conservation underlies all ecological process.

a. Energy cannot be created; it must come from somewhere.

b. As energy flows through systems, at each step more of it becomes unusable.

3) The Earth itself is on interconnected system.

a. Natural systems change over time and space.

b. Biogeochemical systems vary in ability to recover from disturbances.

4) Humans alter natural systems.

a. Humankind impacted the environment for thousands of years.

b. Technology and population growth have enabled humans to increase both the rate and scale of their impact on the environment.

5) Environmental problems have a cultural and social context.

a. Understanding the role of culture, social and economic factors are vital to the development of solutions.

6) Human survival depends on developing practices that will achieve sustainable systems.

a. A suitable combination of conservation and development is required.

b. Management of common resources is essential.

Student Expectations:

Students will strive for personal growth and high academic achievement by adhering to the following:

· Attendance is required.

· 3-ring binder for organization of handouts.

· Adequate supplies including pens, pencils, lab notebook/current event book and calculator.

· Completing all assignments in a timely manner, including chapter readings and other class preparation necessities.

· Participate in all classroom activities and discussions.

· Check the class website for updates.

· Participate in mandatory fieldwork and field trips.

· Understand the appropriate use of footnoting and APA citations on papers.

Assessments and the Implementation of Mathematical Procedures:

· Students will be assessed after each unit with a test.  The test will consist of multiple-choice questions that will be similar to those they will have on the AP Exam.  When possible, the chapter tests will also include a free response type question.

· Math is regularly integrated into the curriculum where appropriate. Some examples include primary productivity, doubling time, total population, and energy conversion problems that are similar to those found on previous AP examinations.

· Students are assigned several major inquiry-based projects.

· A comprehensive mid-term and final exam is required of the students by the district, which, are used to calculate an overall grade for the course.

Grading Policy:

· Students grades are calculated as follows:

· 65% Chapter tests and quizzes

· 35% Labs, activities and homework

Throughout the Year:  
· Students will be calculating and analyzing data, charts and graphs

· Students will be using case studies in the textbook, as well a graphing activities and footprint calculator activities at the end of each chapter.

· Students will be required to keep a current event notebook to include discussion points and analyses of topics.

· Students will gain greater insight into topics of local relevance

· Students will regularly practice responding to free response questions

After the AP Exam:

· After the AP Exam, students will continue to be responsible for labs, activities, projects and field trip attendance.

Field Trip Policy and Procedures:

· As stated in the Downingtown High School East/West Program of Study (Course Selection Book), “Students must pay for field trip costs.  Field trips are a mandatory part of this curriculum and must be attended.  Some field trips will return after the end of the day.  The total cost for all trips will be no more than $150.”

Course Outline:
Unit 1: Introduction to Environmental Science and Sustainability, week one 


Chapter 1  - Studying the State of Our Environment 



Topics: 

· Summer work overview - “Tragedy of the Commons” discussion
· The Scientific Method, Experimental Design, Critical Thinking and Data Analysis

· The Nature of Environmental Science

· Sustainability

· Do The Math

Chapter 2  - Environmental Systems



Topics: 

· Earth interconnected system

· Review of Basic Chemistry and Biological Molecules

· Energy Fundamentals  - Laws of Thermodynamics

· Systems analysis  - inputs/outputs, feedback mechanisms

Chapter 20  - Sustainability, Economics, and Equity



Topics: 

· Sustainability is the ultimate goal of sound environmental science and policy
· Economics studies how scarce resources are allocated
· Supply, demand, and the market, wealth and productivity, and the Kuznets curve
Economic health depends on the availability of natural capital and basic human welfare

· Environmental and ecological economics and sustainable economic systems

· Agencies, laws, and regulations are designed to protect our natural and human capital
· Environmental worldviews, the precautionary principle, world agencies and the United States agencies
· There are several approaches to measuring and achieving sustainability
· U.S. policy for promoting sustainability, the policy process in the United States, and deterrents and incentives
· Two major challenges of our time are reducing poverty ad stewarding the environment
· Poverty and inequity, environmental justice, and individual community action
Labs and Activities: 

· Experimental Design

· Students will design their own experiment relevant to Environmental Science.

Unit 2: Water Resources and Impacts – 3 weeks 


Chapter 9  - Water Resources



Topics: 

· Global water distribution

· Groundwater, surface water, and atmospheric water

· Human impact on water quantity

· Levees, dikes, dams, aqueducts and desalination

· Human water use

· Agriculture, industry and household use

· Future of water availability

· Water ownership and water conservation

Chapter 14  - Water Pollution



Topics: 

· Types of water pollution

· Point source and non point source

· Human wastewater pollution

· Oxygen demand, nutrient release and disease causing organisms

· Wastewater treatment technologies

· Septic tanks, sewage treatment plants, animal feedlots and manure lagoons

· Heavy metals pose serous threat to human health and the environment

· Lead, arsenic, mercury, acid deposition and acid mine drainage, and synthetic organic compounds

· Oil pollution can have catastrophic impacts

· Remediation of oil pollution

· Non-chemical water pollution

· Solid waste pollution, sediment pollution, and noise pollution

· Water laws and enforcement

· Clean water act, Safe drinking water act and legislation in the developing world

Labs and Activities: 

· Chemical Properties of Soil Lab – students test soil samples using standard lab test protocols.

· Physical Properties of Soil Lab – Students will evaluate the physical properties of soil.

· Stalinization Lab – students will conduct and experiment on the affect of Stalinization on seed germination.

· Video: “Dirt!”

· Online Interactive Activity and Simulations – plate tectonics, volcanoes and earthquakes.

· Mapping volcanoes and historical earthquakes to outline plate boundaries

· Cookie Mining Activity

· Household Water Audit Activity
· Groundwater Simulation and Calculations

· Field Work - water quality testing of nearby stream and/or pond

· Field Trips – 1. Canoe trip (September) and 2. Water treatment plant, sewage treatment plant, spray irrigation site, Mash Creek, and headwaters of the Brandywine
Unit 3: The Living World – 4 weeks 
Chapter 3  - Ecosystems Ecology



Topics: 

· Examination of living and nonliving world

· Ecosystems boundaries, ecosystem processes, photosynthesis and respiration, trophic levels, food chains, food webs, ecosystem productivity, energy transfer, and trophic pyramids.

· Biogeochemical cycles

· Hydrogen cycle, carbon cycle, nitrogen cycle, phosphorus cycle, calcium, magnesium, potassium and sulfur

· Ecosystems respond to disturbance

· Watershed studies, resistance versus resilience, and intermediate disturbance hypothesis

· Ecosystems provide valuable services

· Instrumental values and intrinsic values

Chapter 4  - Global Climates and Biomes



Topics: 

· Global processes determine weather and climate

· Earth’s atmosphere, unequal heating of the earth, atmospheric convection currents, earth’s rotation and Coriolis effect, earth’s tilt and the Seasons, ocean currents and rain shadows

· Variations in climate determine the dominant plant growth forms of terrestrial biomes

· Tundra, boreal forest, temperate rainforest, temperate seasonal forest, woodland/shrubland, temperate grassland/cold desert, tropical rainforest, tropical seasonal forest/savanna, and subtropical desert

· Aquatic biomes are categorized by salinity, depth, and water flow

· Streams and rivers, lakes and ponds, freshwater wetlands, salt marshes, mangrove swamps, intertidal zone, coral reefs and open oceans

Chapter 5  - Evolution of Biodiversity



Topics: 

· Earths diversity of species

· Species richness, species evenness, determining evolutionary relationships

· Evolution is the mechanism underlying biodiversity

· Creating genetic diversity, evolution of artificial selection, evolution by natural selection

· Species and extinction determination

· Allopatric versus sympatric species and the pace of evolution 

· Evolution shapes ecological niches and determines species distribution

· Environmental change, species distribution and extinctions, 

Labs and Activities: 

· Photosynthesis and Respiration Labs using Vernier Probe ware

· Lab – Primary productivity lab

· Field Work 

· Estimating above ground biomass in a Forest Plot (Carbon Calculations) 

· Biogeochemical Cycle Project

· Wooly Worm Natural Selection: 

· Analysis of data using Chi-square test

· Biodiversity Lab Activity

· Video: Cane Toads as an Invasive Species in Australia

Unit 4: Biological and Human Populations – 3 to 4 weeks 
Chapter 6  - Population and Community Ecology



Topics: 

· Nature exist at several levels of complexity

· Population ecologist study the factors that regulate population abundance and distribution

· Population characteristics and factors that influence population size 

· Growth models help ecologists understand population changes

· Exponential growth, logistic growth, variations on logistic growth, reproductive strategies and survivorship curves, and metapopulations

· Community ecologists study species interactions

· Competition, predation, mutualism, commensalism, and keystone species

· The composition of community changes over time

· Primary succession, secondary succession, and aquatic succession

· The species richness of a community is influenced by many factors

· Latitude, time, habitat size and distance, conservation and island biogeography

Chapter 7  - Human Population

Topics: 

· Scientists disagree on earth’s carrying capacity

· Many factors drive human population

· Changes in population size, fertility, life expectancy, age structure and migration

· Many nations go through demographic transitions

· The theory of demographic transition and family planning

· Population size and consumption interact to influence the environment

· Economic development, IPAT equation, local, global and urban impacts and impacts of affluence

· Sustainable development is a common, if elusive, goal

Labs and Activities: 

· Graphing Survivorship Curves 

· Carrying Capacity Activity: “Oh Deer”

· Human Population Changes in Survival Activity

· Synthesizing Age Pyramids (Power of Pyramid)

· Calculations, graphing and analysis:

· population data, age structure diagrams, birth and death rates, growth rates and doubling times, industrial vs. developing countries, human carrying capacity

· Discuss issues related to population growth, change and demographic transition

· Students will calculate ecological footprint working through an online ecological footprint calculator

· Video: “Population Clock”

Unit 5: Earth Systems – 1 week 
Chapter 8  - Earth Systems



Topics: 

· Earth’s formation and spheres

· Plate tectonics, consequences and types

· Faults, earthquakes, volcanoes and their impacts 

· Rock Cycle, minerals and elements

· Formations, weathering and erosion

· Soil Links and the biosphere

· Formation, soil horizons and properties, soil degradation and erosion

· Global mineral distribution and environmental consequences

· Types of mining, safety, equipment and legislation

Unit 6: Land use and Agriculture – 3 weeks 
Chapter 10  - Land, Public and Private



Topics: 

· Human land use affects the environment in many ways

· The Tragedy of the Commons, externalities, maximum sustainable yeild

· Public lands are classified according to their use

· International categories of public lands and public lands in the United States

· Land management practices vary according to land use

· Rangelands, forests, national parks, wildlife refuges and wilderness areas,  and federal regulation of land use

· Residential land use is expanding

· Urban sprawl, causes and effects of sprawl, and smart growth

Chapter 11  - Feeding the World



Topics: 

· Human nutritional requirements are not always satisfied

· Nutritional requirements, reasons for undernutrition and malnutrition

· The green revolution and industrial farming methods have transformed agriculture

· Energy subsidy in agriculture

· Genetic engineering is revolutionizing agriculture

· Benefits of genetic engineering and concerns about genetically modified organisms

· Alternatives to industrial farming methods are gaining more attention

· Shifting agriculture and nomadic grazing, sustainable agriculture, no-till agriculture, integrated pest management and organic agriculture

· Modern agribusiness includes the farming of meat and fish

· High-density animal farming, harvesting of fish and shellfish, and aquaculture

Labs and Activities: 
· Sustainable Agriculture – organic and locally supported agriculture

· Origins of Food Activity

· Integrated Pest Management Project:

· Students select a crop and research its growing needs, pests, and develop a possible IPM program for control of an insect pest or disease

· Video: “King Corn” & “Sustainable Table; What’s on Your Plate?”

· Over Fishing and Fisheries Collapse Activity
· Case Study: Collapse of the Cod Fisheries

· Activities: Land Use Planning & Sprawl vs. Cluster Developments

· Run-off calculations

· Case Studies:

· Urbanization Consequences: Hudson River Watershed

· Managing Growth in Portland, Oregon 

· Urbanization of rural areas: Jutland, Denmark

· Current Events regarding Local Examples

Unit 7: Energy Resources and Consumption – 3 weeks 
Chapter 12  - Nonrenewable Energy Sources



Topics: 

· Nonrenewable energy accounts for most of our energy use

· Worldwide patterns of energy use, patterns of energy use in the United States, energy types and quality

· Electricity is a convenient form of energy

· Electricity generation

· Fossils fuels proide most of the worlds energy

· Coal, petroleum, natural gas, other fossil fuels: oil sands and liquefied coal

· Fossil fuels are a finite resource

· The Hubbert curve and the future of fossil fuel use

· Nuclear energy is getting a second look

·  The use of fission in nuclear energy, advantages and disadvantages of nuclear energy, and fusion power

Chapter 13 - Achieving Energy Sustainability  



Topics: 

· What is renewable energy?

· How can we use less energy?

· Benefits of energy conservation and efficiency, sustainable design

· Biomass is energy from the sun

· Modern carbon verses fossil carbon, soil biomass: wood, charcoal, and manure and biofuels: ethanol and biodiesel

· The kinetic energy of water to generate electricity

· How hydroelectricity generation works, and is hydroelectricity sustainable

· The suns energy can be captured directly

· Passive solar heating, active solar energy technologies and benefits and drawbacks of active solar energy systems

· Earth’s internal heat is a source of nondepletable energy

· Harvesting geothermal energy and ground source heat pumps

· Wind energy is the most rapidly growing source of electricity

· Generating electricity from wind, a nondepletable resource

· Hydrogen fuel cells have many potential applications

· How fuel cells work, is hydrogen a viable energy alternative?, challenge of a renewable energy strategy, improving the electric grid and addressing energy cost and storage

Labs and Activities: 

· Activities:
· Interpreting Energy Resources Graphs and Data 
· How much Energy Can a Human Produce?
· Calculations:

· Ecological Foot Print
· Energy Efficiency and Power Plant Production
· Biodiesel Lab

Unit 8: Pollution and Environmental Health – 4 to 5 weeks 
Chapter 15 – Air Pollution and Stratospheric Ozone Depletion  



Topics: 

· Air pollutants are found throughout the entire global system

· Major air pollutants, and primary and secondary pollutants

· Air pollution comes from both natural and human sources

· Natural emissions and anthropogenic emissions

· Photochemical smog is still an environmental problem in the United States

· The chemistry of smog formation and thermal inversions

· Acid deposition is much less of a problem than it used to be

· How acid deposition forms and travels and effects of acid deposition

· Pollution control includes prevention, technology, and innovation

· Control of sulfur and nitrogen oxide emissions, control of particulate matter, smog reduction and innovative pollution control

· The stratospheric ozone layer provides protection from ultraviolet solar radiation

· The benefit of stratospheric ozone, formation and breakdown of stratospheric ozone, anthropogenic contribution to ozone destruction, depletion of the ozone layer, efforts to reduce ozone depletion

· Indoor air pollution is a significant hazard, particularly in developing countries

· Developing countries and developed countries

Chapter 16 – Waste Generation and Waste Disposal



Topics: 

· Humans generate waste that other organisms cannot use

· Throw away society and content of the solid waste stream

· The three “Rs” and composting divert materials from the waste stream

· Reuse, recycle and composting

· Currently, most solid waste is buried in landfills or incinerated

· Landfills and incineration

· Hazardous waste requires special means of disposal

· Handling and treatment of hazardous waste, legislative response, and international consequences

· There are newer ways of thinking about solid waste

· Life-cycle analysis and alternative ways to handle waste

Chapter 17  - Human Health and Environmental Risks



Topics: 

· Human health is affected by a large number of risk factors

· Categories or human health risks and types of disease 

· Infectious diseases have killed large number of people

· Historically important infectious diseases, emergent infectious diseases, and the future of human health 

· Toxicology is the study of chemical risks

· Types of harmful chemicals

· Scientist can determine the concentration of chemicals that harm organisms

· Dose-response studies, retrospective verses prospective studies, factors that determine concentrations of chemicals organisms experience

· Risk analysis helps us assess, accept, and manage risk

· Risk assessment, risk acceptance, risk management and worldwide standards of risk

Labs and Activities: 

· Airborne Particulate Lab 
· Indoor home air pollution audit – students research indoor air pollutants and evaluate their homes for indoor air pollution
· Ozone Detection Lab
· Solid Waste Audit Activity:
· Students track the amount and type of waste they accumulate over a week and determine percent recyclable, compostable and landfill waste
· Comparing Trash Over the Century Activity
· Field Trip – Visit local landfill
· Hazardous Substance home Audit:
· Students list inactive ingredients of hazardous substances from home using guidelines.  They will research the impact of these ingredients on human health and environment and will list LD50 for hazardous substances when possible.  
· Students will create a plan to reduce hazards to themselves and the environment and will consider “green” options.   
· Students create an analytical report.
· Bioassay experiment on daphnea
· Coloscan Lab – testing for water born pathogens

Unit 9: Global Change -3 weeks 
Chapter 18  - Conservation of Biodiversity



Topics: 

· Sixth mass extinction

· Global declines in genetic diversity, wild organisms, crops and livestock, species diversity, and ecosystem function

· Causes of declining biodiversity

· Habitat loss, alien species, overharvesting, pollution, and climate change

· Conservation biology single species focus

· Conservations legislation

· Conservation biology’s focus on protecting entire ecosystems

· Size, shape and connectedness of protected areas and biosphere reserves

Chapter 19  - Global Change



Topics: 

· Global change includes global climate change and global warming

· Solar radiation and greenhouse gases make our planet warm

· The sun-earth heating system and the greenhouse effect, 

· Sources of greenhouse gases are both natural and anthropogenic

· Natural sources of greenhouse gases and anthropogenic sources of greenhouse gases, 

· Changes in carbon dioxide and global temperatures have been linked for millennia

· Increasing CO2 concentrations, emissions from the developed verses developing world, global temperatures since 1880, global temperatures and greenhouse gas concentrations during the past 400,000 years, recent temperature increases, climate models and future conditions

· Feedbacks can increase or decrease the impact of climate change

· Positive feedback, negative feedback and limited feedback 

· Global warming has serious consequences for the environment and organisms

· Consequences to the environment

· Consequences to living organisms and the controversy of climate change

· Kyoto Protocol addresses climate change at the international level

Labs and Activities: 

· Biomes project

· Global Warming and Atmospheric CO2 Correlation Graphing Activity
· Carbon Foot Print Calculation
· Longwood Gardens trip
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