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PULSE OF THE PLANET



Theme: Planet Water
Title:  The Water Cycle

Overview:
Water is global.  Water is dynamic.  Combining these statements leads to the water cycle.  Water molecules do not stay in one place for very long.  Water is the only substance on Planet Earth that exists as a solid, liquid, and a gas simultaneously.  This fact provides it with a natural permeability that very few substances on this planet possess.  This permeating quality of water also makes it susceptible to pollution.  It used to be thought that water would be able to dilute anything dumped into it.  Obviously it is not true, and it appears old habits are hard to break.

Grade Level: 9-12
Subject Matter:

· Physical Science

· Ecology

· Conservation

· Conservation of Matter
Duration: 2 – 4, 50 minute periods

National Standards Addressed:

Physical Science

· Interactions of energy and matter

Life Science

· Interdependence of organisms

Earth and Space Science

· Energy in the Earth System

· Geochemical Cycles

Science in Personal and Social Perspectives

· Personal and community health

· Natural resources

· Environmental quality

· Natural and human-induced hazards

· Science and technology in local, national, and global challenges

Objectives:

By the end of the lesson, the students should be able to:

· Illustrate and describe the water cycle.

· Describe the five “motions” of water in the water cycle:  condensation, precipitation, infiltration, runoff, and evapotranspiration.

· Discuss the sources, types, and prevention of water pollution.

· Identify how the water table is affected by the presence of pollutants.

· Discuss of the polluted water table affects ecology and the human population.

Materials:

· Poster board

· Computer

· Slide presentation software (PowerPoint)

· Glue

· Colored Pencils
Procedure:
1. Hook 

a. Hook #1 – BAN DIHYDROGEN MONOXIDE: http://www.dhmo.org/
i. This is a joke – dihydrogen monoxide is water.

ii. Explore this page and get reactions and guesses to what this substance might be.

iii. Try to keep the students who know the joke to keep quiet for awhile.

b. Hook #2 - view the video below.   http://science.nationalgeographic.com/science/photos/ocean-pollution/craboilkill.html - discuss implication.

2. Water cycle in depth

a. Split the class into small groups – about three students per group.  

b. The student groups will research an aspect of the water cycle independent of the teacher.  They will use:

i. Question and answers

ii. Labeled diagrams and illustrations

c. Once each group has finished their research they will present what they found to the class.

i. Materials: posterboard, colored pencils etc. computer, printer.

ii. Time:   1 – 2 minutes per group.

d. After presentations are complete you will then offer notes on the complete water cycle tying in all research and concepts from the groups.  Use the following websites to teach from or to create your own slide presentation:

i. http://earthobservatory.nasa.gov/Library/Water/water.html
ii. http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
iii. http://ga.water.usgs.gov/edu/watercycle.html
iv. http://ga.water.usgs.gov/edu/mearth.html
v. http://ga.water.usgs.gov/edu/watercyclehi.html
vi. http://earthobservatory.nasa.gov/Library/Water/water_2.html 

e. The instructions for the five different groups can be found below in the “Handouts” section with the title of “Building the Water Cycle.”

3. Pollution in the Water Cycle 

a. Students will summarize the different types of pollution in the water cycle in slide presentations.  The teacher will compile these presentations to one large slide show (notes) for the class.

b. Divide the students in group of 2-3.

c. Provide instructions:

i. Timeframe:  2 days

ii. Product:  3-4 slide presentation that will be incorporated into one full presentation given by the teacher.

d. Handouts

i. The guidelines and resources are available in the “Handouts” section below.

ii. Provide each group with at least one copy of their guidelines.

iii. There are 15 different items that your students will need to make slide presentations on.  The 15 items are found just below under “Teacher Notes” part ii.

e. Teacher notes:

i. Compile the individual slide presentations into one large presentation to be used as notes for this topic.

ii. Organize the notes:

1. Types of pollution

a. Airborne pollution

b. Water pollution

i. Point source pollutants 
ii. Nonpoint source pollutants

2. Locations of pollution

a. Subsurface water

b. Oceans

c. Freshwater – great lakes

d. Runoff

3. Water Pollutants (categorize: possible sources, effects on environment, clean-up/prevention measures)

a. Oil spills – petroleum products

b. Marine litter

c. Phosphates/nitrates = nutrient pollution (eutrophication)

d. Heavy metals

e. Pesticides herbicides

f. Bacteria

g. Smog

4. For teacher use on categorizing beach trash: http://blog.wired.com/wiredscience/2008/04/dataset-provide.html 

4. Assessment – some type of assessment is applicable after the notes are finished.
Scroll down for more…

Handout #1
Building the Water Cycle:  Condensation

Objective:  As a group, you must research the concept of condensation and apply it to the water cycle.

Products:

· Answer the questions below.

· Diagram of the concept of condensation as it applies to the water cycle.

Research:

1. Define condensation.

2. What is convection and how does it aid condensation?

3. Complete:  Warm air _____________, cool air sinks.

4. Why does water vapor condense at high altitudes?  Use the concepts of temperature and energy.

5. Compare the ability of warm air and cold air to hold moisture (humidity).

6. What (physical) geographic entity is formed from condensation?

Resources:

· http://earthobservatory.nasa.gov/Library/Water/water.html
· http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
· http://ga.water.usgs.gov/edu/watercycle.html
· http://ga.water.usgs.gov/edu/mearth.html
· http://ga.water.usgs.gov/edu/watercyclehi.html
· http://earthobservatory.nasa.gov/Library/Water/water_2.html 

Product Development:

· Typed questions with corresponding answers from the “Research” section.

· Provide a diagram to show the class the concept of condensation.

· Color, neatness, and accuracy will be major factors in determining your grade.

· Use the above resources to help you in your illustrations.

· You will have 1 – 2 minutes to present your concept to the class.

· You must use at least two presenters.
Handout #2 

Building the Water Cycle:  Precipitation

Objective:  As a group, you must research the concept of precipitation and apply it to the water cycle.

Products:

· Answer the questions below.

· Diagram of the concept of precipitation as it applies to the water cycle.

Research:

1. Define precipitation.

2. What forms can precipitation take?

3. What two opposing physical processes are constantly working in clouds?

4. How do cloud particles (water vapor) grow to eventually fall to earth as precipitation?

5. Why does precipitation occur?

Resources:

· http://earthobservatory.nasa.gov/Library/Water/water.html
· http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
· http://ga.water.usgs.gov/edu/watercycle.html
· http://ga.water.usgs.gov/edu/mearth.html
· http://ga.water.usgs.gov/edu/watercyclehi.html
· http://earthobservatory.nasa.gov/Library/Water/water_2.html

Product Development:

· Typed questions with corresponding answers from the “Research” section.

· Provide a diagram to show the class the concept of precipitation.

· Color, neatness, and accuracy will be major factors in determining your grade.

· Use the above resources to help you in your illustrations.

· You will have 1 – 2 minutes to present your concept to the class.

· You must use at least two presenters.
Handout #3

Building the Water Cycle:  Infiltration

Objective:  As a group, you must research the concept of infiltration and apply it to the water cycle.

Products:

· Answer the questions below.

· Diagram of the concept of infiltration as it applies to the water cycle.

Research:

1. What is infiltration?

2. List the factors that affect infiltration.

3. Describe the zone of aeration and the zone of saturation.  How do these fit into the water cycle?

4. What is the water table?

5. How can the water table be witnessed without digging a deep hole?

6. Describe what an aquifer is.

Resources:

· http://earthobservatory.nasa.gov/Library/Water/water.html
· http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
· http://ga.water.usgs.gov/edu/watercycle.html
· http://ga.water.usgs.gov/edu/mearth.html
· http://ga.water.usgs.gov/edu/watercyclehi.html
· http://earthobservatory.nasa.gov/Library/Water/water_2.html
Product Development:

· Typed questions with corresponding answers from the “Research” section.

· Provide a diagram to show the class the concept of infiltration.

· Color, neatness, and accuracy will be major factors in determining your grade.

· Use the above resources to help you in your illustrations.

· You will have 1 – 2 minutes to present your concept to the class.

· You must use at least two presenters.
Handout #4

Building the Water Cycle:  Runoff

Objective:  As a group, you must research the concept of runoff and apply it to the water cycle.

Products:

· Answer the questions below.

· Diagram of the concept of runoff as it applies to the water cycle.

Research:

1. List all the things runoff could be.

2. List factors that affect the amount of runoff that could exist in any locality?

3. List the geographical places runoff ends up at.

Resources:

· http://earthobservatory.nasa.gov/Library/Water/water.html
· http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
· http://ga.water.usgs.gov/edu/watercycle.html
· http://ga.water.usgs.gov/edu/mearth.html
· http://ga.water.usgs.gov/edu/watercyclehi.html
· http://earthobservatory.nasa.gov/Library/Water/water_2.html

Product Development:

· Typed questions with corresponding answers from the “Research” section.

· Provide a diagram to show the class the concept of runoff.

· Color, neatness, and accuracy will be major factors in determining your grade.

· Use the above resources to help you in your illustrations.

· You will have 1 – 2 minutes to present your concept to the class.

· You must use at least two presenters.

Handout #5

Building the Water Cycle:  Evapotranspiration

Objective:  As a group, you must research the concept of evapotranspiration and apply it to the water cycle.

Products:

· Answer the questions below.

· Diagram of the concept of evapotranspiration as it applies to the water cycle.

Research:

1. What is evapotranspiration?

2. What ultimately drives evapotranspiration and thus the entire water cycle?  How does it do this?

3. List factors that affect evaporation and transpiration.

4. Relatively speaking, how much water, in gallons, does an acre of corn transpire a day?

5. Sublimation can be included in this category – what is it?

Resources:

· http://earthobservatory.nasa.gov/Library/Water/water.html
· http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
· http://ga.water.usgs.gov/edu/watercycle.html
· http://ga.water.usgs.gov/edu/mearth.html
· http://ga.water.usgs.gov/edu/watercyclehi.html
· http://earthobservatory.nasa.gov/Library/Water/water_2.html
Product Development:

· Typed questions with corresponding answers from the “Research” section.

· Provide a diagram to show the class the concept of evapotranspiration.

· Color, neatness, and accuracy will be major factors in determining your grade.

· Use the above resources to help you in your illustrations.

· You will have 1 – 2 minutes to present your concept to the class.

· You must use at least two presenters.

Handout #6

Pollution in the Water Cycle – General Directions

Objective:  Make a slide presentation of the topic that you selected.

Outcome:  The slide presentation should be 2 – 4 slides in length.  Each group’s presentation will be collated into one large slide presentation which the teacher will use for notes for the class.

Content:

· Each guideline sheet will instruct you as to what you should cover.  Statements and questions will prompt you what to look for and where to look.

Grading:  You will be graded on the following:

· 2 – 4 slides used
· Accuracy
· Neatness
· Breadth of knowledge
· Participation
Pollution in the Water Cycle

Air Pollution 

Your Task:  Create a slide presentation (Powerpoint etc.) on the topic of air pollution and the water cycle.  You are allowed up to four slides.

Content of slides:

1. Define/list the common forms of air pollution.

2. How does air pollution and water pollution go hand in hand?

3. How do air pollutants get into the water cycle?

4. Correlate how air pollution is possible affecting :

a. Rainfall

b. Storm intensity

5. Describe locations in which this is occurring.

6. Describe the experimentation that is involved in this research.

Resources:

· http://environment.newscientist.com/channel/earth/dn11335-smog-is-changing-the-face-of-earths-water-cycle.html 
· http://www.epa.gov/owow/airdeposition/
· For more help search for topics under “air pollution.”
Handout #7

Pollution in the Water Cycle 

Water Pollution:  Point and Nonpoint Source Pollution

Your Task:  Create a slide presentation (PowerPoint etc.) on the topic of water pollution and the water cycle.  Due to the complexity of this topic, you are allowed up to six slides for your presentation.

Content of slides:

1. What is meant by water pollution?
2. What is point source pollution?
3. What is nonpoint source pollution?
4. Compare and contrast point source pollution and nonpoint source pollution.
a. Which is easier to measure?  How, why?
b. List reasons why one is harder to measure?
5. Highlight some ways that the government is regulating point source pollution.
6. Describe what is being done to manage nonpoint source pollution.
Resources:

· http://www.epa.gov/ebtpages/watewaterpollution.html
· http://www.teachengineering.org/view_lesson.php?url=http://www.teachengineering.com/collection/cub_/lessons/cub_environ/cub_environ_lesson06.xml 
· http://www.epa.gov/lawsregs/laws/cwa.html
· http://www.epa.gov/owow/NPS/qa.html
· http://www.epa.gov/owow/nps/whatis.html 

· Pulse of the Planet program #4006: “ Science Diary:  How Toxins Move – Headwaters”

· Pulse of the Planet program #4048:  “Science Diary:  How Toxins Move – Down the River”
· For more help search for topics under: “water pollution” or “point source pollution” and “nonpoint source pollution.”
Handout #8 

Pollution in the Water Cycle

Polluted Oceans

Your Task:  Create a slide presentation (PowerPoint etc.) on the topic of polluted oceans.  You are allowed up to four slides.

Content of slides:

1. List some common oceanic pollutants.

2. What is the source of some of these pollutants?

3. What is being done to clean up oceanic pollutants?

4. What is marine debris?

5. What is the “Great Pacific Garbage Patch?”

Resources:

· http://www.panda.org/about_wwf/what_we_do/marine/problems/pollution/index.cfm 

· http://library.thinkquest.org/CR0215471/ocean_pollution.htm 

· http://science.howstuffworks.com/great-pacific-garbage-patch.htm
· http://response.restoration.noaa.gov/audience_catalog.php?RECORD_KEY%28audience_chosen%29=audience_id&audience_id%28audience_chosen%29=2 (search around this site)

· http://www.epa.gov/owow/oceans/debris/
· For more help search for topics under “polluted oceans.”

Handout #9

Pollution in the Water Cycle

Polluted Freshwater

Your Task:  Create a slide presentation (PowerPoint etc.) on the topic of polluted freshwater.  Due to the complexity of this topic, you are allowed up to five slides for your presentation.

Content of slides:

1. List several common freshwater pollutants.

2. What are the effects of water pollution:  a) to fish, b) to humans?

3. How are freshwater sediments effected?

4. What do polluted sediments mean for us?

5. What are three ways pollutants enter freshwater?

6. What is the greatest pollution threat to freshwater systems like the Great Lakes?

7. What is eutrophication?

8. What is biomagnifications?

9. Explain the phrase:  “The solution to pollution is dilution.”

Resources

· http://www.lenntech.com/aquatic/types-pollution.htm 

· http://www.epa.gov/waterscience/cs/aboutcs/index.html
· http://video.nationalgeographic.com/video/player/environment/environmental-threats-environment/water-pollution/  (click on “Great Lakes Cleanup”)

· http://www.great-lakes.net/teach/pollution/water/water2.html
· http://www.great-lakes.net/teach/pollution/water/water3.html 

· http://www.great-lakes.net/teach/pollution/water/water4.html 

· For more help search for topics under “freshwater pollution.”

Handout #10

Pollution in the Water Cycle

Polluted Subsurface Water

Your Task:  Create a slide presentation (Powerpoint etc.) on the topic of polluted subsurface water.  You are allowed up to four slides.

Content of slides:

1. Define, describe, and illustrate (or find a good graphic) of an aquifer.

2. What is the water table?

3. What do rivers, streams, lakes and ponds have to do with the water table?

4. What is ground water used for?

5. What are some pollutants in ground water?

6. How did the pollutants enter the water table? (list and describe at least seven ways)

7. What are the chances that polluted ground water can be cleaned up?

Resources:

· http://www.unep.org/OurPlanet/imgversn/83/foster.html
· http://wapi.isu.edu/envgeo/EG7_water/aquifer_review.pdf
· http://www.waterencyclopedia.com/Oc-Po/Pollution-of-Groundwater.html 

· http://en.wikipedia.org/wiki/Image:Aquifer_en.svg
· For more help search for topics under “subsurface water” or “aquifer.”

Handout #11

Pollution in the Water Cycle

Polluted Runoff

Your Task:  Create a slide presentation (Powerpoint etc.) on the topic of polluted runoff.  You are allowed up to four slides.

Content of slides:

1. What is runoff?

2. List and describe some runoff pollutants.  Include where some of these pollutants come from.

3. Why is runoff a nonpoint source?

4. How do wetlands help the problem?

5. What might be the most effective way or curtailing runoff pollution?

6. What are some effects polluted runoff has on freshwater?

Resources:

· http://www.wsn.org/Theproblem.html
· http://clean-water.uwex.edu/pubs/pdf/storm.urban.pdf
· http://www.planningwithpower.org/pubs/id-258.htm
· http://www.wisconsinlakes.org/AboutLakes/pollutedrunoff.htm 

· http://www.healthycommunitiesproject.org/runoff.shtm
· http://www.epa.gov/OWOW/NPS/roads.html 

· For more help search for topics under “runoff.”

Pollution in the Water Cycle

Pollutants:  Oil/Petroleum Based Products

Your Task:  Create a slide presentation (Powerpoint etc.) on the topic of oil as a pollutant in the water cycle.  You are allowed up to four slides.

Content of slides:

1. Research sources of oil spills – present and in recent history.

2. What are the effects of oil spills on:  a) the water cycle, b) aquatic wildlife

3. What parts of the water cycle are effected?

4. Research and describe some cleanup tactics.

Resources:

· http://celebrating200years.noaa.gov/events/exxonvaldez/welcome.html
· http://response.restoration.noaa.gov/audience_catalog.php?RECORD_KEY%28audience_chosen%29=audience_id&audience_id%28audience_chosen%29=2
· http://www.energyinst.org.uk/education/natural/7.htm
· For more help search for topics under “oil spills.”

Handout #12

Pollution in the Water Cycle

Pollutants:  Marine Litter

Your Task:  Create a slide presentation (Powerpoint etc.) on the topic of marine litter/debris as a pollutant in the water cycle.  You are allowed up to four slides.

Content of slides:

1. What is marine litter/debris?

2. Research the sources of marine litter/debris?  Is it a point source pollutant or a nonpoint source pollutant?

3. What are the effects of marine litter/debris on: a) the water cycle, and b) aquatic life?

4. What is the “Great Pacific Garbage Patch?”

5. What are some cleanup attempts in the United States

Resources:

· http://science.howstuffworks.com/great-pacific-garbage-patch.htm
· http://video.nationalgeographic.com/video/player/environment/environmental-threats-environment/water-pollution/ (click on “Coastal Cleanup” link)
· http://www.epa.gov/owow/oceans/debris/
· http://www.oceanconservancy.org/site/PageServer?pagename=press_icc 
· For more help search for topics under “marine litter” or “marine debris.”

Handout #13

Pollution in the Water Cycle

Pollutant:  Nutrient Pollution

Your Task:  Create a slide presentation (Powerpoint etc.) on the topic of nutrient pollution in the water cycle.  You are allowed up to four slides.

Content of slides:

1. What is nutrient pollution?
2. What type of “nutrients” are involved in nutrient pollution?
3. How do these types of pollutants get into the water cycle?
4. What is eutrophication?
5. Is nutrient pollution a point source pollutant or a nonpoint source pollutant?

6. What is the effect of nutrient pollution on:  a) the water cycle b) aquatic life, and c) humans.

7. List some cleanup/prevention attempts.

Resources

· http://www.chesapeakebay.net/nutrients.aspx
· http://www.epa.gov/waterscience/criteria/nutrient/ 

· http://www.epa.gov/watertrain/pdf/issue7.pdf
· For more help search for topics under “nutrient pollution” or “eutrophication.”
Handout #14

Pollution in the Water Cycle

Pollutant:  Pesticides/Herbicides

Your Task:  Create a slide presentation (PowerPoint etc.) on the topic of pesticides and herbicides as pollutants in the water cycle.  You are allowed up to four slides.

Content of slides:

1. What purpose do pesticides and herbicides serve?

2. How do these substances get into the water cycle?

3. Are pesticides and herbicides a point source pollutant or a nonpoint source pollutant?

4. What are the effects of pesticides and herbicides on:  a) the water cycle, b) aquatic life, and c) humans.

5. List some cleanup/prevention attempts for pesticides and herbicides.

Resources:

· http://rydberg.biology.colostate.edu/Phytoremediation/2000/Helen/Problem%20Statement.html
· http://pubs.acs.org/hotartcl/est/99/apr/test.html
· http://www.epa.gov/owow/nps/MMGI/Chapter2/ch2-1.html#Pesticides
For more help search for topics under “pollution of pesticides and herbicides.”
Handout #15

Pollution in the Water Cycle

Pollutant:  Bacterial Growth

Your Task:  Create a slide presentation (PowerPoint etc.) on the topic of bacterial growth in the water cycle.  You are allowed up to four slides.

Content of Slides:

1. Why would a beach be closed from bacterial growth?

2. Describe what Ella, Rose, and Dr. Paytan are doing with their filtrating system? 

3. What is coliform bacteria?  What is E. Coli?  Where does it come from?  How did it get to the beaches?

4. Describe when well water (aquifers) is safe to drink vs. when it should be treated.  What makes it unsafe.

5. What are some cleanup tactics by the local government and by nature itself?

6. What role does bacteria play in precipitation?

Resources:

· Pulse of the Planet program 4246:  “Science Diary:  Beach Sand – Beach”

· Pulse of the Planet program 4247:  “Science Diary:  Beach Sand – Sand”

· Pulse of the Planet program 4251:  “Science Diary:  Beach Sand – Testing”

· Pulse of the Planet program 4252:  “Science Diary:  Beach Sand – Results”

· http://www.freedrinkingwater.com/water_quality/quality1/1-how-coliform-bacteria-affect-water-quality.htm
· http://www.medicalnewstoday.com/articles/99093.php 

· For more help search for topics under “bacteria in water cycle.”

Handout #16 

Pollution in the Water Cycle

Pollutant:  Heavy Metals

Your Task:  Create a slide presentation (PowerPoint etc.) on the topic of heavy metals as pollutants in the water cycle.  You are allowed up to four slides.

Content of slides:

1. When the term “heavy metals” is mentioned, which metals are being referred to?
2. Where do heavy metals (as pollutants) come from?
3. Are they point source pollutants or nonpoint source pollutants?
4. What are some possible health risks?
5. What are some ways heavy metals are controlled and cleaned up?
Resources:

· Pulse of the Planet program 4006: “ Science Diary:  How Toxins Move – Headwaters”

· Pulse of the Planet program 4048:  “Science Diary:  How Toxins Move – Down the River”
· http://www.fairfaxcounty.gov/nvswcd/newsletter/heavymetal.htm
· http://www.lenntech.com/heavy-metals.htm 
· http://drake.marin.k12.ca.us/stuwork/ROCKwater/hev%20met/hevmet.html
· http://www.epa.gov/OWOW/NPS/roads.html
· http://oceanservice.noaa.gov/education/kits/pollution/08forestry.html
Additional Resources
Web Sites

The Water Cycle – NASA Earth Observatory

http://earthobservatory.nasa.gov/Library/Water/water.html
NASA Observatorium Hydrologic Cycle 

http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
The Water Cycle – USGS

http://ga.water.usgs.gov/edu/watercycle.html
Earth’s Water – USGS

http://ga.water.usgs.gov/edu/mearth.html
The Water Cycle: Water Storage in Oceans – USGS

http://ga.water.usgs.gov/edu/watercycleoceans.html
Water on the Web – Waterontheweb.org

http://www.waterontheweb.org/
The Hydrologic Cycle – Physicalgeography.net

http://www.physicalgeography.net/fundamentals/8b.html
Water Cycle – The Environmental Literacy Council

http://www.enviroliteracy.org/article.php/704.php
The Hydrologic Cycle Online Meteorology Guide – University of Illinois

http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/hyd/home.rxml
Science in Your Watershed – USGS

http://water.usgs.gov/wsc/
The Urban Water Cycle – UNEP

http://maps.grida.no/go/graphic/urban_water_cycle
Surf Your Watershed – EPA

http://cfpub.epa.gov/surf/locate/map2.cfm
Pollutants in the water cycle

http://response.restoration.noaa.gov/audience_catalog.php?RECORD_KEY%28audience_chosen%29=audience_id&audience_id(audience_chosen)=2
Marine Debris Abatement – EPA

http://www.epa.gov/owow/oceans/debris/
Drinking water and Health: what You Need to Know – EPA
http://www.epa.gov/safewater/dwh/
Wastewater Management – EPA

http://www.epa.gov/owm/
Water Pollution – EPA

http://www.epa.gov/ebtpages/watewaterpollution.html
What is Nonpoint Source Pollution? – EPA
http://www.epa.gov/owow/nps/whatis.html
Contaminated Sediment Water – EPA

http://www.epa.gov/waterscience/cs/
Nitrogen and the Hydrologic Cycle – Ohio State University 

http://ohioline.osu.edu/aex-fact/0463.html
A Primer on Water Quality – EPA

http://pubs.usgs.gov/fs/fs-027-01/
Wastewater Treatment Systems – NSF International 

http://www.nsf.org/consumer/wastewater_treatment_systems/index.asp?program=WastewaterTreSys
What are the Sources of Water Pollution? (reply to Ask an Earth Scientist) – University of Hawaii

http://www.soest.hawaii.edu/GG/ASK/waterpol3.html
Water Pollution in the Great Lakes – Great-lakes.net

http://www.great-lakes.net/teach/pollution/water/water1.html
Ocean Conservancy’s International Coastal Cleanup – Ocean Conservancy 

http://www.oceanconservancy.org/site/PageServer?pagename=press_icc
Save our Oceans for World water Day: 10 Ways – Planet Green

http://planetgreen.discovery.com/travel-outdoors/10-ways-save-oceans-world-water-day.html
The Water Pollution Guide – The Guides Network 

http://www.water-pollution.org.uk/
Pollution – Marine Conservation Society 

http://www.mcsuk.org/mcsaction/pollution/introduction
Clean Ocean Action’s 10 Tips Series – Cleanoceanaction.org

http://www.cleanoceanaction.org/index.php?id=102
Water Resources of the U.S. – USGS

http://water.usgs.gov/
USGS Water Data for the Nation – USGS

http://waterdata.usgs.gov/nwis/
Toxic Substances Hydrology Program – USGS

http://toxics.usgs.gov/index.html
Ohio River Facts – The Ohio River Valley Sanitation Commission 

http://www.orsanco.org/rivinfo/facts.asp
Top Tens, Historic Events: Exxon Valdez Oil Spill – NOAA

http://celebrating200years.noaa.gov/events/exxonvaldez/welcome.html
Video

“Supreme Court Cuts Damages in Exxon Valdez Spill” – NPR

http://www.npr.org/templates/story/story.php?storyId=91881057
Audio

Water Pollution Videos (various) – National Geographic

http://video.nationalgeographic.com/video/player/environment/environmental-threats-environment/water-pollution/
Ocean Conservancy’s International Coastal Cleanup  (various) – Ocean Conservancy 

http://www.oceanconservancy.org/site/PageServer?pagename=press_icc

The show highlights three case studies—Santa Monica Bay, the Mississippi River Basin/Gulf of Mexico, and New York City—where polluted runoff threatens watersheds highly valued for recreation, commercial fisheries and navigation, and drinking water. Key scientists and water quality experts, and citizens involved in local and national watershed protection efforts provide insight into the problems as well as solutions to today's water quality challenges.

http://www.clu-in.org/search/t.focus/id/602/
Interactive Graphics

The Water Cycle  (animations – requires Macromedia) – Planetguide.net

http://www.planetguide.net/book/chapter_2/water_cycle.html
NASA Observatorium Hydrologic Cycle (animation – slide show)

http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydro1.html
Articles

“South African Wetland Region to Become World’s Largest Protected Freshwater Site” – WWF

http://www.panda.org/index.cfm?uNewsID=141881
“Pollution and the Sea: Like Oil and Water” – Greenpeace International 

http://www.greenpeace.org/international/campaigns/oceans/pollution
Other

Dynamic Balance in a Bottle (experiment) – Planetguide.net

http://www.planetguide.net/cool/dynamic-bottle_activity.html
Hydrologic Cycle Quiz – NASA’s Observatorium

http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/earth/hydrocycle/hydroquiz.html
Hydrologic Cycle Word Search Page – NASA’s Observatorium

http://physics.ship.edu/~mrc/astro/NASA_Space_Science/observe.arc.nasa.gov/nasa/fun/wordsearch/hydrocycle_search/hydrocycle_search.html
Water, A Shared Responsibility (PDF poster) – Unesco

http://unesdoc.unesco.org/images/0014/001446/144620E.pdf
Water, Water, Everywhere (sample lesson plan) – Discovery.com

http://school.discoveryeducation.com/lessonplans/activities/watereverywhere/
Label Water Cycle Diagram – Enchantedlearning.com

http://www.enchantedlearning.com/geology/label/watercycle/
Water Cycle Find It Quiz – Enchantedlearning.com

http://www.enchantedlearning.com/classroom/quiz/watercycle.shtml
Where Does All the Dirty Water Go? (brochure) – EPA

http://www.epa.gov/npdes/pubs/centralized_brochure.pdf
Photos and graphics

Name: The Water Cycle

URL: http://ga.water.usgs.gov/edu/watercyclehi.html
Caption: Earth's water is always in movement and is always changing states, from liquid to vapor to ice and back again.

Credit: USGS

Name: Water Cycle 2

URL: http://earthobservatory.nasa.gov/Library/Water/water_2.html
Caption: In the hydrologic cycle, individual water molecules travel between the oceans, water vapor in the atmosphere, water and ice on the land, and underground water.

Credit: NASA / Hailey King

Name: Transpiration

URL: http://earthobservatory.nasa.gov/Library/Water/water_2.html
Caption: Plants return water to the atmosphere through transpiration. In this process, water evaporates from pores in the plant’s leaves, after being drawn, along with nutrients, from the root system through the plant.

Credit: NASA / Hailey King

Name: Water Table

URL: http://earthobservatory.nasa.gov/Library/Water/water_2.html
Caption: The water table is the top of the zone of saturation and intersects the land surface at lakes and streams. Above the water table lies the zone of aeration and soil moisture belt, which supplies much of the water needed by plants.

Credit: NASA / Hailey King

Name: Earth East

URL: http://visibleearth.nasa.gov/view_rec.php?id=2429
Caption: This spectacular “blue marble” image is the most detailed true-color image of the entire Earth to date.

Credit: NASA

Name: Earth West

URL: http://visibleearth.nasa.gov/view_rec.php?id=2429
Caption: This spectacular “blue marble” image is the most detailed true-color image of the entire Earth to date.

Credit: NASA

Name: Water Cycle 3

URL: http://www.usgcrp.gov/usgcrp/images/ocp2003/ocpfy2003-fig5-1.htm
Caption: Conceptualization of the water cycle.

Credit: U.S. Global Change Research Program

Name: Urban Water Cycle

URL: http://maps.grida.no/go/graphic/urban_water_cycle#metainfo
Caption: This graphic illustrates the impact of human activity on groundwater. It shows that groundwater is obtained from periurban wellfields and urban wells, then used and disposed of as wastewater through pluvial drainage, piped sewage and on-site sanitation and industrial effluent disposal. It also shows that wastewater is treated and then reused for irrigation, with excess flows re-entering the aquifers.

Credit: Delphine Digout, UNEP/GRID-Arendal

Name: New River

URL: http://en.wikipedia.org/wiki/Image:Nrborderborderentrythreecolorsmay05-1-.JPG
Caption: Raw sewage and industrial waste flows into the U.S. from Mexico as the New River passes from Mexicali, Baja California to Calexico, California
Credit: California New River Committee

Polluted Oceans (photo gallery) – National Geographic

http://science.nationalgeographic.com/science/photos/ocean-pollution.html
Toxic Substances Hydrology Program (photo gallery) – USGS

http://toxics.usgs.gov/photo_gallery/
Special thanks to the following scientists for their help with this project:
Pulse of the Planet Programs: #4246 “Science Diary: Beach Sand – Beach,” #4247 “Science Diary:  Beach Sand – Sand,” #4251 “Science Diary:  Beach Sand – Testing,” #4252 “Science Diary:  Beach Sand – Results”

Adina Paytan

Associate Research Professor

Institute of Marine Sciences

University of California at Santa Cruz

Pulse of the Planet Programs: #4006 “Science Diary:  How Toxins Move – Headwaters,” #4048 “Science Diary:  How Toxins Move – Down the River”

Michael Hochella

Professor of Mineralogy and Geochemistry

Virginia Tech

Header Image

Name: The Water Cycle

Credit: USGS
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