[image: image1.jpg]Cducator (7utides

PULSE OF THE PLANET




Theme:   Planet Water


Title:  Water Quality
Overview:


What is in the water we drink?  Who decides this?  How strict are they with enforcing the regulations?  How did the water get clean in the first place?  These are all questions that we are entitled to ask when we tip back a glass of our municipal water.  The term “water quality” is not as black and white as it sounds.  The quality of water we drink is different from the quality that is used in industry or for laboratory purposes.  In this lesson, we will explore what quality water is, what is in it, and how it got to be clean.

Grade Level:

· 9-12
Subject Matter:

· Ecology

· Science and Technology

· Chemistry

Duration:
· 5-6, 50-minute periods

National Standards Addressed:

· 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 will be able to:

· Accurately assess and describe water quality.

· Describe how water quality is qualified and quanitified.

· List how water is polluted by us.

· Describe the various materials that are allowed to be in our drinking water.

· Outline and describe how a general wastewater treatment plant functions.

Materials:

· Computers, internet access, projector.
Procedure:

1. Hook:  

a. Log onto:  http://www.nrdc.org/water/drinking/uscities.asp
i. Click on the link toward the left to see “special ingredients” in water.

ii. Discuss with the class that these are allowable in very small amounts.

b. Next, log on to:  http://www.epa.gov/safewater/dwinfo/index.html.

i. Find the latest water quality report on your city’s municipal water.

ii. Either project on a screen or make copies so your students can see what they are consuming.

c. NOTE:  Again, the type and amount of allowable “stuff” in our water is just that allowable.  Be sure to explain that the amounts are regulated by law (http://www.epa.gov/safewater/sdwa/basicinformation.html).

2. What is “Water Quality”?

a. Students will make assigned slides (PowerPoint) for a presentation on “Water Quality.”

b. Grade each slide based on content, organization, and creativity.

c. Assign the different slides to groups of students.

i. Group size:  2-3 students

ii. Materials:  computer, internet access, slideshow presentation software, and handouts.

iii. Note on the handouts:  Each group will receive two handouts:  1) “Water Quality Presentation Instruction Sheet” and 2) the assigned slide instructions.

d. The following slides are to be assigned (Note:  the order presented below is also the order of the slide show that will be put together):

i. Define “Water Quality”

ii. Bioassessment, Biocriteria, and Biological Integrity

iii. How is data collected?

iv. Indicators of Water Quality – Invertebrates

v. Nutrient Pollution

e. Based on grades use the highest graded slides to give notes to the class on “Water Quality.”

f. Alternative Assessment – Lab practical 

i. Use pictures of animals to provide students with a lab practical on Water Quality.

ii. Using the following websites, that contain the  invertebrate indicator species.

· http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/SensitiveTaxa.HTML
· http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/SomewhatSensitiveTaxa.HTML
· http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/NonSensitiveTaxa.HTML
1. Make several envelopes with different combinations of cut out invertebrates.

2. The students must list the species by name and quantity.

3. The students must conclude the quality of water from the invertebrates.

4. The students must write why they made their conclusions.

5. This can be done with or without a key.

6. A sample of an assessment sheet is provided for you in the “Handouts” section under the title of “Water Quality Lab Practical.”

g. Optional – try it yourself.

i. Give the data collection of invertebrates a try.

ii. Use the instructions on the following site:  http://www.des.state.nh.us/WMB/Biomonitoring/inverts.htm
3. What is allowed in your drinking water? – Class Teaching Quiz

a. Question prompt:  “Where do many of the chemicals that are harmful to us come from”

i. Listen to answers:  factories, herbicides, pesticides, naturally.

ii. Play Pulse of the Planet program 565:  “WATER SUPPLY – Municipal Challenges” to get the answer.

iii. ANSWER – they come from us, within the very municipalities that we live in.

b. Use the slides below in the handouts section to create a PowerPoint presentation.  

c. Have the class take the quiz.  Grading is optional – this is an alternative way to teach some facts on drinking water.

i. Present the question.  Play on what they know or the local experiences/news.

ii. When sufficient time is given display the answer.  This is where the teaching comes in.

1. Discuss the answer

2. Explain why the answer is what it is.

3. Describe the necessary chemistry (or science) behind the question/answer.

iii. Provide a copy of the questions and answers for your students to study from for future assessments.

4. Waste Water Treatment Plant

a. Students can work alone or in pairs depending on the class size and availability of computers.

b. Give each student a copy of the handout entitled “What Goes On at a Water Treatment Plant?”

i. Or, to save paper, project the worksheet on a screen and have them copy it.

ii. The students are to use the internet to describe what happens at a water treatment plant.

iii. Collect when finished.

5. Technology and waste water treatment

a. Present to class:  There are many technologies that exist to treat wastewater.  We will focus on a few of these.

b. The students will work on the assignment and finish for homework.  Provide two days to allow students enough time for internet research.

Handouts:

Water Quality Presentation Instruction Sheet

Objective:  You will produce, in small groups, a portion of the notes on “Water Quality” using slide presentation software (PowerPoint).

Materials:  

· Computer

· Internet access

· Slide presentation software

· Handouts

Guidelines:

1. Your group may use up to 5 slides for your assignment.  If you need more please check with the teacher.

2. You will be graded on breadth of content, organization of content, and creativity.

3. You will have ____________ days to work on and complete the assignment. 

4. Your assigned portion of the presentation is due on:  ___________.

5. Other groups will be assigned the same content to research; therefore, you are competing for the best presentation.

6. The presentation that achieves the highest score for each content area will automatically be given and “A” for this project.

Content Area 1

Define “Water Quality”

Content to be covered:

· Make a title page for this presentation.

· Define what Water Quality is.

· Chemical characteristics

· Physical characteristics 

· Biological characteristics 

· Discuss why water can’t simply be labeled as “good water, or “bad water.”

· List and explain what is measured when the quality of water is checked?

Resources

· http://ga.water.usgs.gov/edu/waterquality.html
· http://pubs.usgs.gov/fs/fs-027-01/index.html
· http://pubs.usgs.gov/fs/fs-027-01/index.html
· http://www.epa.gov/waterscience/standards/about/crit.htm
· http://www.epa.gov/waterscience/biocriteria/technical/brochure.pdf  (scroll down to “Healthy” and “Unhealthy” water)

Content Area 2

Bioassessment, Biocriteria, and Biological Integrity

Content to be covered:

· Define bioassessment.

· What do bioassessments try to “assess?”

· List some biological items bioassessments measure.

· What is the central purpose of bioassessments?

· What advantage do bioassessments have over chemical tests of bodies of water?

· Define biocriteria.

· Where does biocriteria come from?

· Why are biocriteria used?

· What is the difference between numeric biocriteria and narrative biocriteria?

· Why should our fresh water supplies be monitored?

· List and explain five biocriteria that bioassessment data has helped establish.

· What is biological integrity?

Resources:

· http://www.epa.gov/waterscience/biocriteria/technical/brochure.pdf
· http://www.epa.gov/waterscience/biocriteria/basics.html
· http://www.epa.gov/bioiweb1/html/biolexe.html
· http://maine.gov/dep/blwq/docmonitoring/biomonitoring/why.htm 

Content Area 3

How is data collected?
Content to be covered:

· Methods of collecting invertebrates:  kick sample and artificial substrates:

· What is an invertebrate?  Give some examples that you would find in a stream.

· What is a benthic organism?

· When in the best time of year to take samples of invertebrates?  Give two reasons why it is the best time of the year.

· What is the kick sample method?

· Provide some briefs steps on how to carry out this method.

· What is the artificial substrate method?

· Provide some briefs steps on how to carry out this method.

· What are the advantages and disadvantages of each?

Resources:

· http://www.des.state.nh.us/WMB/Biomonitoring/inverts.htm
· http://www.epa.gov/owowwtr1/monitoring/rbp/ch07main.html
· http://www.water.ky.gov/homepage_repository/kickseine.htm
Content Area 4

Indicators of Water Quality – Invertebrates

Content to be covered:

· Pulse of the Planet program 2424:  Bugs in the Water – Living Barometer

· What organisms indicate that a stream is unpolluted?

· What organisms indicate that a stream is somewhat polluted?

· What organisms indicate that a stream is quite polluted?

· What is the relationship between pollution and the organisms found in the water?

Resources

· http://www.wef.org/NR/rdonlyres/5BEB4943-0D58-4528-AB67-AAB450AABC37/0/IndicatingInsects68.pdf
· http://www.dep.state.fl.us/water/bioassess/bugind.htm
· http://www.eoearth.org/article/Common_aquatic_insects
· http://en.wikipedia.org/wiki/Stonefly 

· http://en.wikipedia.org/wiki/Image:BitingMidge.jpg
· http://en.wikipedia.org/wiki/Image:Shadfly01.jpg
· http://en.wikipedia.org/wiki/Image:Redramshorn.jpg
· http://en.wikipedia.org/wiki/Image:Acilius_sulcatus.gemeiner_furchenschwimmer.jpg
· http://www.dec.ny.gov/animals/35772.html
· http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/SensitiveTaxa.HTML
· http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/SomewhatSensitiveTaxa.HTML
· http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/NonSensitiveTaxa.HTML
Content Area 5

Nutrient Pollution

Content to be covered:

· What two “nutrients” are mainly responsible for nutrient pollution?

· Describe hypoxia?  Why does it occur?  What does it result in?

· List some contributions to higher amounts of nitrogen and phosphorus in fresh water.

· What is eutrophication?

· What nutrients does it involve?

· What are the results of eutrophication?

· Who is to blame for eturophication?

Resources:

· http://www.epa.state.il.us/gallery/lake-management/meadow_lake_4
· http://www.epa.gov/waterscience/criteria/nutrient/  (look in “Basic Information”)

· http://www.eoearth.org/article/Eutrophication
· http://www.lenntech.com/eutrophication-water-bodies/introduction.htm
· http://www.scienceclarified.com/El-Ex/Eutrophication.html
Water Quality Lab Practical

Directions:

1. Obtain an envelope from your teacher.  This envelope contains hypothetical, reasonable data in the form on invertebrate cutouts. 

2. Record the number on your envelope here: __________

3. Record both the number and kind (the name) of the organisms in the table below:

	Name of organism
	Number 

	
	

	
	

	
	

	
	

	
	

	
	


4. Based on the data you have, what is the level of water quality of your stream: _________________________

5. Provide a short narrative as to why you concluded the way you did in the previous question.

Slides for “What is allowed in your drinking water” – Class Quiz

· http://www.epa.gov/safewater/contaminants/index.html
· Pulse of Planet program 572:  “WATER SUPPLY – Acid Rain and Lead”

· http://www.npr.org/templates/story/story.php?storyId=88030719
· http://www.cnn.com/2008/HEALTH/03/10/pharma.water1/index.html?iref=newssearch
· http://sfwater.org/detail.cfm/MC_ID/13/MSC_ID/166/MTO_ID/298/C_ID/654

Slide 1:

Question:  What is the National Primary Drinking Water Regulations (NPDWRs)?

A. A set of regulations that dictates the level of contaminants in freshwater sources.

B. A set of regulations that dictates how much industry can pollute the freshwater sources.

C. A list of standards to protect public health by limiting the levels of contaminants in drinking water.

D. A list of standards to establish a minimum amount of contaminants in drinking water.

Slide 2:

Answer:  C.  National Primary Drinking Water Regulations (NPDWRs or primary standards) are legally enforceable standards that apply to public water systems. Primary standards protect public health by limiting the levels of contaminants in drinking water.

Slide 3:

Question:  What is fecal coliform and where does it come from?

A. Dyes added to freshwater lakes that deters algal growth.

B. Microorganisms that are come from freshwater amphibians.

C. Microorganisms that are come from animal eliminations.

D. Different “forms” of fecal material

Slide 4:

Answer:  C.  Fecal coliforms are types of microorganisms that comes from feces.  Sources of fecal coliforms are:  humans, pets (dogs and cats), birds, and livestock.

Slide 5:

Question:  Name one common fecal coliform that is mentioned often in the news.

A. Escherichia coli

B. Pseudomonas auriginosa

C. Staphylococcus aureus

D. Homo sapiens

Slide 6:

Answer:  A.  Escherichia coli is often referred to as E. coli.

Slide 7:

Question:  In discussing drinking water contaminants, MCL is used often.  What does MCL stand for?

A. Most Careful Lawyer

B. My Cranium Loses

C. Melville’s Candid Log

D. Maximum Contaminant Level

Slide 8:

Answer:  D

Slide 9:

Question:  What does Maximum Contaminant Level mean?

A. The amount of contaminant that local municipalities agree to uphold.

B. The legal threshold limit on the amount of a hazardous substance that is allowed in drinking water.

C. The legal amount of unofficial contaminants that each municipality must adhere to.

D. The legal minimum amount of contaminants that can be present in drinking water.

Slide 10:

Answer:  B.  A Maximum Contaminant Level (MCL) is the legal threshold limit on the amount of a hazardous substance that is allowed in drinking water under the Safe Drinking Water Act. The limit is usually expressed as a concentration in milligrams or micrograms per liter of water.

Slide 11: 

Question:  What is turbidity?

A. The maximum contaminant level allowed by the EPA for any runoff source.

B. A reference to biological contamination.

C. The amount of cloudiness in water.

D. The amount of inorganic contamination.

Slide 12:

Answer:  C.  Turbidity is a measure of the cloudiness of water. It is used to indicate water quality and filtration effectiveness (e.g., whether disease-causing organisms are present). Higher turbidity levels are often associated with higher levels of disease-causing microorganisms such as viruses, parasites and some bacteria. These organisms can cause symptoms such as nausea, cramps, diarrhea, and associated headaches.

Slide 13:

Question:  What percent of each liter of water is allowed to have enteric viruses? (Enteric viruses cause gastrointestinal illnesses – diarrhea, vomiting, cramps.  They are found in human and animal fecal waste.)

A. .01%

B. .1%

C. 1%

D. 10%

Slide 14:  

Answer:  A.

Slide 15:

Question:  What do the following have in common:  bromated, chlorite, haloacetic acids (HAAS), and Trihalomethanes (THMs)?

A. They are byproducts of drinking water disinfection.

B. Three out of four can cause cancer.

C. Three out of four come from an element in many disinfecting techniques: chlorine.

D. All are regulated by the EPA (Environmental Protection Agency).

E. All are allowed in your drinking water is some small amount.

F. All of the above.

Slide 16:  

Answer:  F.  The EPA has established a low MCL for these chemicals.  All are byproducts of the chlorination process (except for bromated) and all are acceptable at extremely low concentrations.  For more information on these chemicals, check out the following site:  http://sfwater.org/detail.cfm/MC_ID/13/MSC_ID/166/MTO_ID/298/C_ID/654
Slide 17: 

Question:  What do the following have in common:  chloramines, chlorine, and chlorine dioxide?

A. All are water additives used to control microbes.

B. All are added at water treatment plants.

C. All are controlled with low allowable dosages.

D. All are consumed when you drink municipal water.

E. All are “leftover” when the decontamination process is done.

F. All can cause the following effects if above the MCL:  eye/nose irritation, stomach discomfort, and anemia.

G. All the above are shared in common.

Slide 18:

Answer:  G.  

Slide 19:

Question:  True or False.  Asbestos a once-common fire retardant and cancer-causing agent, is probably in the water you drink.

Slide 20:  

Answer.  True.  Asbestos enter our drinking water as old asbestos-laced concrete water main deteriorate.

Slide 21:

Question:  Which of the following DOES NOT come from natural sources?

A. Antimony

B. Arsenic

C. Asbestos

D. Barium

Slide 22:

Answer:  A.  Antimony is incorporated in many man-made products.  It enters our water supply from degradation of these products.

Slide 23:

Question:  Why are heavy metals harmful to us?

A. They can cause cancer.

B. They can reduce growth and development

C. They cause organ damage – especially kidneys

D. They cause autoimmunity – where a person’s immune system attacks itself.

E. Nervous system damage

F. All of the above are reasons why heavy metals are harmful to us.

Slide 24:

Answer:  F.  Severe effects include reduced growth and development, cancer, organ damage, nervous system damage, and in extreme cases, death. Exposure to some metals, such as mercury and lead, may also cause development of autoimmunity, in which a person's immune system attacks its own cells. This can lead to joint diseases such as rheumatoid arthritis, and diseases of the kidneys, circulatory system, and nervous system.

Slide 25:

Question:  Which of the following elements is not added to our drinking water from industry?

A. Barium

B. Beryllium

C. Cadmium

D. Copper

E. Cyanide 

F. Lead

Slide 26:

Answer:  F.  All of the above are added to the freshwater supply in which we eventually derive our drinking water, except for lead.  Lead is consumed when water leaches out elemental lead from old lead pipes.

Slide 27:

Question:  True of False.  Acid rain affects our water supply by leaching out and dissolving heavy metals from the soil and our pipes.

Slide 28:

Answer:  True.  Acid rain has the ability to leach or dissolve heavy metals and harmful metal from the soil and especially older lead pipes.

Slide 29:

Question:  True or False.  Fluoride is a harmless ion that promotes healthy teeth when consumed.

Slide 30:

Answer:  False.  The EPA has set a national concentration standard of 4 mg/L – this concentration is helpful for healthy teeth.  A higher concentration can cause health problems like bone disease and mottled teeth in children.

What Goes On at a Sewage Treatment Plant?

As “dirty” water enters a water treatment plant it goes through several steps on its ways to becoming usable water.  Below is a list of general steps at a water treatment plant.  Using the sites listed below, describe what occurs at each step.

Sites:

· http://www.gocolumbiamo.com/PublicWorks/Sewer/wwtppg_4.php
· http://www.sawater.com.au/NR/rdonlyres/19914078-F526-4E1A-839F-428292AE9B7A/0/On_the_trail_Part2.pdf
· http://www.science.mcmaster.ca/Biology/Harbour/sewage/STP.HTM
The path to clean water:

First, sketch a diagram of a general sewage treatment plant.  A few links have been provided for help.

· http://www.greeleygov.com/Water/watertreatment.aspx
· http://www.slic2.wsu.edu:82/hurlbert/micro101/images/stplan.gif
· http://www.ec.gc.ca/soer-ree/English/Soer/image2.gif

Primary Treatment

Give a brief summary of what happens in this stage.

1. Screening

2. Sedimentation

Secondary Treatment

Give a brief summary of what happens in this stage.

3. Aeration or “activated sludge process”

4.  Coagulation

5. Flocculation

Tertiary Treatment

Give a brief summary of what happens in this stage.

6.  Types of disinfecting processes:

a. Chlorination

b. Bromination

c. Ozone

d. Ultraviolet Radiation

7. What dictates whether a water safety engineer will use chlorination, ozone or UV radiation?

Technology and Wastewater Treatment

Use the resources listed below and provide three bullet points for each technology used in wastewater treatment.

http://www.lenntech.com/membrane-systems-management.htm
Dead-End Filtration

Cross-Flow Filtration

http://www.geafiltration.com/technology/membrane_filtration_process.asp
Reverse Osmosis

Nanofiltration

Ultrafiltration

http://www.wwdmag.com/Microfiltration-How-Does-it-Compare--article467 

Microfiltration

Pulse of the Planet program 1269:  ”MICROBIAL MATS”
Microbial Mats

Pulse of the Planet program 562:  “WATER SUPPLY – Quality”

Nature’s way of cleansing water in a water shed

Additional Resources

Web sites

Identifying Aquatic Insects – Environmental Interpretive Center / University of Michigan-Dearborn

http://www.umd.umich.edu/eic/insectkey.htm
Aquatic Insect Biodiversity and Conservation – Virginia Tech GOOD SITE!!!!!

http://www.ext.vt.edu/pubs/fisheries/420-531/420-531.html
Identifying Aquatic Insects from Your Pond (PDF) - Penobscot County / USDA  GOOD FOR ID’ING INSECTS IN FRESHWATER

http://www.penobscotswcd.org/publications/insects.pdf
Aquatic Insects of American Trout Streams – Troutnut.com

http://www.troutnut.com/hatches
Aquatic Insect Stages (key) – Microscopy-uk.org

http://www.microscopy-uk.org.uk/index.html
kickseine method

http://www.water.ky.gov/homepage_repository/kickseine.htm 

Some Aquatic Insects – Cornell University 

http://www.entomology.cornell.edu/public/IthacaCampus/ExtOutreach/DiagnosticLab/Factsheets/AquaticInsects.html
Nuisance Aquatic Insects Fact Sheet – Ohio State University 

http://ohioline.osu.edu/hyg-fact/2000/2037.html
Indicating Insects (PDF - scroll down for key) – Water Environment Federation

http://www.wef.org/NR/rdonlyres/5BEB4943-0D58-4528-AB67-AAB450AABC37/0/IndicatingInsects68.pdf
Freshwater Ecosystems – UNCTV.org

http://www.unctv.org/waterquality/freshwater/main.html
The Life Cycle of Aquatic Insects – EPA

http://www.epa.gov/bioindicators/html/lifecycle.html
Indicator Species (scroll down for invertebrates)
http://www.epa.gov/bioindicators/html/indicator.html
Biological Assessments and Criteria: Crucial Components of Water Quality Programs (PDF) – EPA

http://www.epa.gov/waterscience/biocriteria/technical/brochure.pdf
Biocriteria (aquatic) – EPA

http://www.epa.gov/waterscience/biocriteria/
Benthic Macroinvertebrate Protocol – EPA

http://www.epa.gov/owowwtr1/monitoring/rbp/ch07main.html
Common Aquatic Insects – The Encyclopedia of Earth

http://www.eoearth.org/article/Common_aquatic_insects
Bioindicators – Environment Canada

http://www.biobasics.gc.ca/english/View.asp?x=740
Biological Monitoring Working Party – Wikipedia

http://en.wikipedia.org/wiki/Biological_monitoring_working_party
Profiles of the World’s Greatest Rivers – Center for Global Environmental Education / Hamline University 

http://cgee.hamline.edu/rivers/Resources/river_profiles/index.html
Streams – Gulf of Maine Aquarium

http://octopus.gma.org/streams/streams.html
Fresh Waters Illustrated

http://www.freshwatersillustrated.org/
UWSP Aquatic Entomology Lab – University of Washington

http://www.uwsp.edu/water/biomonitoring/index3.htm
Macroinvertebrate Data Interpretation guidance Manual (PDF) – University of Washington 

http://www.uwsp.edu/water/biomonitoring/manual/manual.pdf
Biomonitoring Sampling Technique – NH Dept. of Environmental Services

http://www.des.state.nh.us/WMB/Biomonitoring/inverts.htm
Why Biological Monitoring? – Dept. of Environmental Protection of Maine

http://maine.gov/dep/blwq/docmonitoring/biomonitoring/why.htm
Water Quality Information Center – USDA / National Agricultural Library

http://www.nal.usda.gov/wqic/
USGS Water Quality for the Nation – USGS

http://waterdata.usgs.gov/nwis/qw
The Stream Study (sample study) - University of Virginia

http://people.virginia.edu/~sos-iwla/Stream-Study/StreamStudyHomePage/StreamStudy.HTML
Macroinvertebrates That Are Sensitive to Pollution – University of Virginia

http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/SensitiveTaxa.HTML
Macroinvertebrates That Are Somewhat Sensitive to Pollution - University of Virginia

http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/SomewhatSensitiveTaxa.HTML
Macroinvertebrates That Are Tolerant to Pollution - University of Virginia

http://people.virginia.edu/~sos-iwla/Stream-Study/Catalog/NonSensitiveTaxa.HTML
Freshwater Ecosystems – EPA

http://www.epa.gov/bioiweb1/aquatic/freshwater.html
The Freshwater Biome – University of California at Berkeley

http://www.ucmp.berkeley.edu/exhibits/biomes/freshwater.php
Drinking Water Testing and Information – Wilkes University 

http://www.water-research.net/helpguide.htm
Freshwater – National Geographic

http://www.nationalgeographic.com/geographyaction/habitats/freshwater.html
Drinking Water Contaminants – EPA

http://www.epa.gov/safewater/contaminants/index.html
Water: Test Methods – EPA

http://yosemite.epa.gov/water/owrccatalog.nsf/SingleKeyword?Openview&Keyword=Test+Methods&count=2000
Water: Biocriteria – EPA

http://www.epa.gov/waterscience/biocriteria/
Rapid Bioassessment Protocols – EPA

http://www.epa.gov/watertrain/rbp/12ack.html
A Little Information on Microorganisms – USGS

http://mi.water.usgs.gov/h2oqual/BactHOWeb.html
Getting Your Feet Wet: A Day in the Life of a USGS Water Scientist – USGS
http://www.usgs.gov/homepage/science_features/water_scientist.asp
Project Search: Water Quality Monitoring for Secondary Schools – Connecticut DEP

http://www.projectsearch.org/index.htm
Project Search: Water Quality Data Sheets (and more) – Connecticut DEP

http://www.projectsearch.org/download.htm
Aquifer Basics – USGS

http://capp.water.usgs.gov/aquiferBasics/index.html
Water Quality Information Center – National Agricultural Library 

http://www.nal.usda.gov/wqic/
The History of Water Filters – Historyofwaterfilters.com

http://www.historyofwaterfilters.com/
Water Treatment Alternatives - Historyofwaterfilters.com

http://www.historyofwaterfilters.com/water-treatment.html
How Safe is Your drinking Water? - Historyofwaterfilters.com

http://www.historyofwaterfilters.com/drinking-water.html
Drinking Water (municipal treatment basics) – Utah Dept. of Natural Resources

http://www.watereducation.utah.gov/WaterInUtah/Municipal/default.asp
Ground Water and Drinking Water (see right column for table of contents) – EPA

http://www.epa.gov/safewater/dwh/index.html
The History of Drinking Water Treatment (PDF) – EPA

http://www.epa.gov/safewater/consumer/pdf/hist.pdf
Tech Brief Fact Sheets: Chlorination (check boxes to download – other topics include filtration, membrane filtration, slow sand filtration, etc…) – West Virginia University / National Drinking Water Clearinghouse

http://www.nesc.wvu.edu/ndwc/ndwc_tb_available.htm
Primer for Municipal Wastewater Treatment Systems (PDF) – EPA

http://www.epa.gov/owm/primer.pdf
Water Purification – Wikipedia

http://en.wikipedia.org/wiki/Water_purification
How Water Towers Work – Howstuffworks.com

http://www.howstuffworks.com/water.htm
Drinking Water Treatment (scroll down for treatment plant diagram) – EPA

http://www.epa.gov/safewater/sdwa/30th/factsheets/treatment.html
Safe Drinking Water Act – EPA

http://www.epa.gov/safewater/sdwa/basicinformation.html
Drinking Water Contaminants (and their maximum contaminant levels / MCLs) – EPA

http://www.epa.gov/safewater/contaminants/index.html
Drinking Water Contaminants Fact Sheets – EPA

http://www.epa.gov/ogwdw/hfacts.html
Drinking Water Standards – EPA

 http://www.epa.gov/ogwdw/creg.html
MTBE in Drinking Water (MTBE is an unregulated contaminant) - EPA http://www.epa.gov/safewater/contaminants/unregulated/mtbe.html
Nitrates in Drinking water (including info on purification methods) – Colorado State University 

http://www.ext.colostate.edu/PUBS/crops/00517.html
Drinking Water Standards Fact Sheet (2004 New Jersey) – Rutgers University

http://www.water.rutgers.edu/Fact_Sheets/fs433.pdf
National Primary Drinking Water Standards – Wilkes University 

http://www.water-research.net/standards.htm
Drinking Water Standards – University of Florida

http://edis.ifas.ufl.edu/SS297
Issues: Water (municipal water quality) – Natural Resources Defense Council 

http://www.nrdc.org/water/drinking/uscities.asp
What’s On Tap? Grading Drinking Water in U.S. Cities – Natural Resources Defense Council

http://www.nrdc.org/water/drinking/uscities.asp
Drinking Water Treatment – Cornell University 

http://waterquality.cce.cornell.edu/treatment.htm
Safe Drinking Water is Essential – Global Health and Education Foundation 

http://www.drinking-water.org/flash/splash.html
OA Guide to Water Purification – Princeton University 

http://www.princeton.edu/~oa/manual/water.shtml
Emergency Disinfection of Drinking Water – EPA

http://www.epa.gov/ogwdw000/faq/emerg.html
Water Purification – Wikipedia

http://en.wikipedia.org/wiki/Water_purification
Water Purification – Morehead State University 

http://people.moreheadstate.edu/students/lecarr01/files/waterpurification.html
Membrane Technology – Lenntech.com

http://www.lenntech.com/membrane-systems-management.htm
Drinking Water Systems Center Verified Technologies (including info on membrane technology) – EPA

http://www.epa.gov/etv/vt-dws.html
Reverse Osmosis, Nano, Ultra & Micro Filtration – GEA Filtration 

http://www.geafiltration.com/technology/membrane_filtration_process.asp
Membrane Types – GEA Filtration

http://www.geafiltration.com/technology/membrane_types.asp
Filtration Spectrum – GEA Filtration 

http://www.geafiltration.com/technology/cross_flow_filtration.asp
Membrane Filtration, Microfiltration, Ultrafiltration, Reverse Osmosis – Johnmeunier.Com

http://www.johnmeunier.com/en/files/?file=980
Reverse Osmosis – Wikipedia 

http://en.wikipedia.org/wiki/Reverse_osmosis
Cross-Flow Microfiltration – Rensselaer Polytechnic Institute 

http://www.rpi.edu/dept/chem-eng/Biotech-Environ/MICROFILTRATION/filter.htm
What is Microfiltration? – Water and Waste Digest

http://www.wwdmag.com/Microfiltration-How-Does-it-Compare--article467
What are Microbial Mats? – NASA

http://nai.arc.nasa.gov/students/this_month/index.cfm
Alternative On-Site Wastewater Treatment and Disposal – Virginia Tech

http://www.ext.vt.edu/pubs/waterquality/448-403/448-403.html
Wastewater Basics (see left column for subtopics) – Waterrecycling.com

http://waterrecycling.com/wastewater-basics
Bioremediation Studies (short description of bioremediation) – Skidaway Institute of Oceanography

http://www.skio.usg.edu:443/resources/bioremediation.php
Video

Programming on Water (various) – Science Friday / NPR

http://www.sciencefriday.com/program/archives/200803211
“New Yorkers Urged to Drink Tap Water” – NPR

http://www.npr.org/templates/story/story.php?storyId=11797409
“Study Finds Drugs Seeping Into Drinking Water” – NPR

http://www.npr.org/templates/story/story.php?storyId=88062858
“Forget Vitamin Water – Your Tap is Spiked” – NPR

http://www.npr.org/templates/story/story.php?storyId=88030719
Audio

Watershed Informational Videos (various) – Conservation Technology Information Center

http://www.conservationinformation.com/?action=learningcenter_kyw_whatisawatershed
 Videos on Water (various on water consumption) – Play Pumps International 

http://www.knowh2o.org/site/c.jgLLITOFKtF/b.3454013/k.CBDC/Watch_Videos_and_Learn_More_About_Global_Water_Issues.htm


Water Treatment (various) - Global Health and Education Foundation

http://www.drinking-water.org/flash/en/water.html?_3_00_00
Source Water Collaborative

http://www.protectdrinkingwater.org/index.php?option=com_content&task=view&id=65&Itemid=22
10 Things You Can Do to Prevent Storm Water Runoff Pollution (PDF) – EPA

http://www.epa.gov/gmpo/pdf/NPS_bookmark_3-03.pdf
“Using Microbes to Clean the Environment” (1998, featuring Judith Bender – scroll down) – CNN

http://www.cnn.com/TECH/science/9803/26/hungry.microbes/index.html
Interactive Graphics

The New York City Water Story (scroll down) – AMNH

http://www.amnh.org/exhibitions/water/?section=waterresources#
Wet in the City – Council for Environmental Education 

http://www.wetcity.org/
Safe Drinking Water is Essential (videos, maps, graphs) – National Academy of Sciences

http://www.drinking-water.org/flash/en/water.html?_5_00_00
Microbial Mat Biogeochemical Cycling (diagram) – NASA

http://nai.arc.nasa.gov/students/this_month/g3_funtion.swf
Articles

“Solving Another Mystery of An Amazing Water Walker” – Science Daily 

http://www.sciencedaily.com/releases/2007/12/071230093816.htm
“Life In A Bubble: Mathematicians Explain How Insects Breathe Underwater” – Science Daily 

http://www.sciencedaily.com/releases/2008/07/080730155354.htm
“Bacteria and Nanofilters: Future Of Clean Water Technology” (2/27/08) – Science Daily 

http://www.sciencedaily.com/releases/2008/02/080222095403.htm
“Prescription Drugs Found in Drinking Water Across the U.S.” (3/10/08) – CNN

http://www.cnn.com/2008/HEALTH/03/10/pharma.water1/index.html?iref=newssearch
“Best Cities for Clean Drinking Water” - Forbes.com

http://www.forbes.com/2008/04/14/water-cities-drinking-forbeslife-cx_avd_0414health.html
Other

Bioassessment Posters (aquatic insects – educational, various) – Florida DEP

http://www.dep.state.fl.us/water/bioassess/posters.htm
Aquatic Insects: Water Quality Index and Diversity Index (lesson plan) – University of California Natural Reserve System

http://nrs.ucop.edu/host/curricula/aquainsects.html
Wetlands Education Teacher’s Resources Page – EPA

http://www.epa.gov/owow/wetlands/education/
Protozoa Quiz

http://www.mcwdn.org/Animals/ProtozoaQuiz.html
Water Facts (diagrams, sample data sheet, profiles of “water bugs”) – Water and Rivers Commission of Australia

http://www.watershed.nau.edu/2006FieldSchool/Water%20Facts%202%20-%20Water%20Quality%20and%20Macroinvertebrates%202001.pdf
Biotic Indicators of Water Quality (images, insect profiles) – Alabama Cooperative Extension

http://www.aces.edu/pubs/docs/A/ANR-1167/ANR-1167.pdf
Photos and graphics

Name: Streamside Aquatic Insects Diagram

URL: http://www.fws.gov/r5crc/salmon/workbook/aquatic_creature.htm
Caption: Common insects found in rivers and fast moving streams include stoneflies and mayflies. 

Credit: U.S. Fish and Wildlife Service

Name:  Stonefly 3

URL: http://en.wikipedia.org/wiki/Stonefly
Caption: Plecoptera, also know as the stonefly.

Credit:  Trepas

Name: Unknown Water Insect

URL: http://commons.wikimedia.org/wiki/Image:Unknown_Water_strider.JPG
Caption: Can you identify this unknown aquatic insect>

Credit: Matthias Sebulke

Name: Acid Rain

URL: http://www.epa.gov/bioiweb1/aquatic/determin.html
Caption: This stream has been contaminated with acid rain. 

Credit: EPA

Name: Harvesting Algal Mats

URL: http://www.epa.state.il.us/gallery/lake-management/meadow_lake_4
Caption: Morton Arboretum staff harvesting algal mats as part of Meadow Lake’s nutrient management strategy.

Credit: Illinois Environmental Protection Agency

Name: Water Quality Diagram

URL: http://ga.water.usgs.gov/edu/waterquality.html
Caption: As the diagram above shows, assessment of the occurrence of chemicals that can harm water quality, such as nutrients and pesticides in water resources, requires recognition of complicated interconnections among surface water and ground water, atmospheric contributions, natural landscape features, human activities, and aquatic health.

Credit: USGS

Name: Water Test 2

URL: http://www.epa.state.il.us/gallery/lake-monitoring/Secci1
Caption: Lake Springfield water monitoring volunteer demonstrates the use of a Secchi disk to test for water clarity on the day of the Great North American Secchi Dip-In.

Credit: Illinois Environmental Protection Agency

Name: Water Test 3

URL: http://ga.water.usgs.gov/edu/qwsamplerstream.html
Caption: The hydrologist (water scientist) in this picture is taking a water-quality sample from a small stream. There is a bottle inside the white container at the end of the pole. You might think, "Why not just dunk the bottle in the water?" That wouldn't work because the quality of the water might be different at the stream's surface than it is near the streambed, where heavier particles like dirt are flowing along. The velocity of the moving water varies vertically (as well as horizontally) in a stream, and so do the physical and chemical constituents that determine water quality. A proper sample can only be taken by getting an equal amount of water from all along a vertical line up from the surface to the streambed.

Credit: USGS

Name: Water Test 4

URL: http://toxics.usgs.gov/photo_gallery/aml_page2.html
Caption: USGS scientists processing water samples during a stream tracer test on California Gulch, Upper Animas River Watershed, Colo.

Credit: USGS

Name: Crayfish

URL: http://en.wikipedia.org/wiki/Image:Crayfish.jpg
Caption: Crayfish, crawfish, crawdads, or crodgers are freshwater crustaceans resembling small lobsters, to which they are closely related.

Credit: National Park Service

Name: Biting Midge

URL: http://en.wikipedia.org/wiki/Image:BitingMidge.jpg
Caption: A biting midge feeding on blood through an artificial membrane for insect rearing.

Credit: USDA

Name: Mayflies

URL: http://en.wikipedia.org/wiki/Image:Shadfly01.jpg
Caption: The mayfly is also known as the dayfly, fishfly and shadfly. 

Credit: Yerpo 

Name: Freshwater Snail 

URL: http://en.wikipedia.org/wiki/Image:Redramshorn.jpg
Caption: Freshwater snail.

Credit: Cat Spalding 

Name: Diving Beetle

URL: http://en.wikipedia.org/wiki/Image:Acilius_sulcatus.gemeiner_furchenschwimmer.jpg
Caption: Acilius sulcatus, a diving beetle showing hind legs adapted for life in water.

Credit: Kai Kluwe

Name: Macroinvertebrate Assessment Sheet

URL: http://www.projectsearch.org/download.htm
Credit: Connecticut DEP

Name: Treatment Plant Process

URL: http://www.epa.gov/safewater/sdwa/30th/factsheets/treatment.html
Caption: Water may be treated differently in different communities depending on the quality of the water which enters the plant. Groundwater is located underground and typically requires less treatment than water from lakes, rivers, and streams.
Credit: EPA

Name: Treatment Illustration 

URL: http://www.greeleygov.com/Water/watertreatment.aspx
Caption: The following is a typical method used for treating surface water in Colorado. Water is first diverted from the river or lake into the treatment plant. When the water first comes into the plant it is typically screened to remove sticks, trash or other large pieces of contaminants.

Credit: City of Greeley

Name: Treatment Plant

URL: http://www.epa.gov/ogwdw/sdwa/30th/factsheets/treatment.html
Caption: Water may be treated differently in different communities depending on the quality of the water which enters the plant. Groundwater is located underground and typically requires less treatment than water from lakes, rivers, and streams.

Credit: EPA

Aquatic Critters Slideshow – Missouri Botanical Gardens 

http://www.mbgnet.net/fresh/rivers/main.htm
Key to Macroinvertebrates – NYS Dept. of Environmental Conservation

http://www.dec.ny.gov/animals/35772.html
Invertebrates Image Library – North American Benthological Society

http://www.benthos.org/imagelibrary/searchresults.cfm?maxrows_old=&StartRow=1&maxrows=8&sujet=&formattype=&auteur=&keyword=macro*&phylum=&datesoumis
Aquatic Insects of the Great Lakes – NOAA
http://www.glerl.noaa.gov/seagrant/GLWL/Benthos/Insecta/Insecta.html
Special thanks to the following scientists for their help with this project:

Pulse of the Planet Programs: #562 “Water Supply: Quality,” #565“Water Supply: Municipal Challenges,” #568 “Water Supply: Municipal Waste,” #572 “Water Supply: Acid Rain and Lead” 

Robert F. Kennedy Jr.

Professor of Environmental Law

Co-Director

Pace Environmental Litigation Clinic
Pace University

Pulse of the Planet Programs: #1269 “Microbial Mats”

Judith Bender

Research Professor

Clark Atlanta University

*Information current at the time of interview

Pulse of the Planet Programs: #2424 “Bugs in the Water: Living Barometer”

Dave Herbst 

Associate Research Biologist

Sierra Nevada Aquatic Research Laboratory

University of California at Santa Barbara
Header Image

Name: Hot Spring Mat

Credit: NASA
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