I.
Grade Level / Unit Number:  8th Grade / Unit 5

II:
Unit Title:  Protecting Our Waters



III.
Unit Length:  2-3 Weeks


IV.   
Major Learning Outcomes:  The student will be able to . . . 

a. describe the main indicators used to determine the quality of water

b. use chemical and biological techniques to test the quality of water

c. analyze data from tests preformed on water to determine the health of the water

d. model how pollutants penetrate an underground water source

e. discuss the relationship between point and non point pollution

f. identify water pollutants as point or non-point pollution

g. predict the health of a water system

h. demonstrate the importance of water in their lives

i. examine the technology of water treatment (waste water and drinking water)

j. understand their role as stewards of our environment 

V.     Objectives Included:

	Number
	Competency or Objective
	RBT Tag

	3.05
	Analyze hydrospheric data over time to predict the health of a water system including:

· Temperature. 

· Dissolved oxygen. 

· pH. 

· Nitrates. 

· Turbidity. 

· Bio-indicators. 
	C3.1 (executing)

B2.5 (concluding, predicting)

B4.3 (attributing)

	3.07
	Describe how humans affect the quality of water:

· Point and non-point sources of water pollution in North Carolina. 

· Possible effects of excess nutrients in North Carolina waters. 

· Economic trade-offs. 

· Local water issues. 
	B2.5 (extrapolating, concluding)

B2.7 (constructing cause-and-effect)

	3.08
	Recognize that the good health of environments and organisms requires:

· Monitoring of the hydrosphere. 

· Water quality standards. 

· Methods of water treatment. 

· Maintaining safe water quality. 

· Stewardship. 
	B2.5 (concluding, extrapolating)


VI.
English Language Development Objectives (ELD) Included (see Appendix for 

        
Summary of ELD Standard Course of Study):  Deb, look at these

	Proficiency Level
	Listening
	Speaking
	Reading
	Writing

	Novice Low
	1.03
	2.03
	3.03
	4.06

	Novice High
	1.02
	2.05
	3.03
	4.02

	Intermediate Low
	1.01
	2.04
	3.02
	4.05

	Intermediate High
	1.04
	2.05
	3.07
	4.02

	Advanced
	1.02
	2.06
	3.04
	4.04


VII.
Materials / Equipment Needed:

	Part I


	Water                                                       Ammonia

Baking soda                                             dirt

4 clear containers                                    Qptional:  5th container w/ dirt

Distilled water

Water Testing Kit – if you have a nearby body of water to test 

  (Water Test Reagent Tablets are available from LaMott at 

  www.lamott.com) 

Thermometer                                          pH paper 

Secchi Disk

For pH Activity:
Orange Juice




Milk

Lemon Juice




Pixie Stix

Lime Juice




Sprite

Tomato Juice



Milk of Magnesia

Apple Juice




Red litmus paper

Windex with ammonia


Blue litmus paper

Windex with vinegar



Universal indicator

Shampoo




Phenolphthalein

Vinegar




beakers

Drain Cleaner



droppers

Laundry Detergent



pH probe

Alka-seltzer






Copies of “Fish Kill Mystery”

Computer

Projector, if possible

	Part II
	10-gallon aquarium                                 Plastic fish

Red, blue food coloring                           Soil

Oil                                                           Salt

Detergent                                                Drawing Paper

Large bucket per class                           Pretzels

Water                                                      Liquid soap

Aquifer in a Cup
Clear plastic punch cups                         aquarium gravel

Modeling clay                                          red food coloring

White play sand

Edible Aquifer

Chocolate sprinkles                               gummy bears

Crushed ice                                           chocolate chips

Vanilla ice cream                                   clear lemon-lime soda

Red drink mix                                        clear cups

Spoons 

Which water would you drink?
6 clear, 2-liter PET soda pop bottles        Red food color 

2 blindfolds for each team                        Powdered coffee creamer 

Clipboard and pencil for each team         Salt 

Form to record results for each team       Onion extract 

Anise or peppermint extract                     Potable (drinkable) water supply 

Small paper cups numbered 1-6 for each team 

	Part III
	Stuff gathered for Filtering Device:

2 liter bottles                                            Charcoal

Newspapers                                            Wood chips

Plant materials                                        Paper towels

Cotton balls                                             Small gravel

Sand                                                       Plastic or foam cups

Tulle/netting                                            Coffee filters

Gauze                                                     Dried beans

Rubber bands                                         Sponges

Straws                                                     Funnels

Strainers                                                  Tape

Rice                                                         Kitty litter

Screens                                                   Air filters

Split peas                                                Grass

Leaves


VIII. 
Big Ideas (from Support Documents):
The health of a water system is determined by the balance between physical, chemical, and biological variables. Physical variables include temperature, turbidity, and water movement. Chemical variables include dissolved oxygen and other gases, pH, nitrates, and salinity. Both natural and man-made forces are constantly changing these variables. 


Point and non-point environmental stressors such as urban and/or agricultural runoff, industrial inputs and over-fishing can impact populations. Environmental degradation will likely decrease the diversity of a community by eliminating intolerant organisms and increasing the number of tolerant organisms. For centuries humans have used streams, rivers and oceans as depositories of human, industrial, and solid wastes.


This accelerating toxic influx and nutrient enrichment causes chemical and environmental changes and major shifts in plant and animal life resulting in economic trade-offs. Technological advances have enabled us to collect data about water systems that have led to improvements in developing standards, monitoring water-quality, and providing treatment. In addition, deep-ocean exploration and technology continues to provide information about new life forms, Earth resources, and geologic processes. The more we understand and respect North Carolina’s aquatic systems, the more capable we are of making informed decisions and thus becoming good stewards of the environment. The first step in getting students to move towards stewardship is to create a personal awareness of how they are connected to North Carolina hydrological system.

IX.  
Unit Notes:  Before starting this unit, you will need to do the following:
1. The ELABORATE for each part of this unit will focus on a case study, “The Fish Mystery.”  Each part will look at the case study from a different viewpoint.  Part 1 will focus on the water quality data of the case study.  Part 2 will focus on the point and non-point pollution that led to pfiesteria problem.  Finally, Part 3 will focus on legislation and stewardship surrounding this mystery.

2. For Part 3, EXPLORE, Prior to this lesson teachers should create a supply box for filtering materials.  

The materials should include:

2 liter bottles

Charcoal

Newspapers

Wood chips

Plant materials

Paper towels

Cotton balls 

Small gravel

Sand

Plastic or foam cups

Tulle/netting

Coffee filters

Gauze

Dried beans

Rubber bands

Sponges

Straws

Funnels

Strainers

Tape

Rice

Kitty litter

Screens

Air filters

Split peas

Grass

leaves

X.
Global Content:   
	NC SCS Grade 8
	21st Century Skills 
	Activity

	
	Communication Skills
	

	1.01,1.02, 1.08

6.03, 7.01
	Conveying thought or opinions effectively
	ENGAGE, Part 1:  Which container…?

	1.05,1.10
	When presenting information, distinguishing between relevant and irrelevant information
	EVALUATE, Part 3:  WTRQ Newscast

	1.04
	Explaining a concept to others
	EVALUATE, Part 2:  Creating an Enviroscape

	
	Interviewing others or being interviewed
	EVALUATE, Part 3:  WTRQ Newscast

	
	Computer Knowledge
	

	1.09
	Using word-processing and database programs
	EVALUATE, Part 1:  Public Awareness Pamphlet

EVALUATE, Part 3:  WTRQ Newscast

	1.07
	Developing visual aides for presentations
	

	1.08
	Using a computer for communication
	

	2.04
	Learning new software programs
	EXPLAIN, Part1:  Pollutants in Water

	
	Employability Skills
	

	1.02
	Assuming responsibility for own learning
	All labs / activities

	
	Persisting until job is completed
	All labs / activities

	1.03
	Working independently
	ENGAGE, Part 3:  Paragraph

	7.05
	Developing career interest/goals
	

	1.08


	Responding to criticism or questions
	

	
	Information-retrieval Skills
	

	1.09

3.06, 5.04, 5.05, 7.05
	Searching for information via the computer
	EVALUATE, Part 3:  WTRQ Newscast

	1.08

7.05
	Searching for print information
	

	1.09

2.02, 7.05
	Searching for information using community members
	

	
	Language Skills - Reading
	

	1.03, 1.05
	Following written directions
	All labs / activities

	1.05, 3.08

4.08, 4.09, 4.10, 5.02
	Identifying cause and effect relationships
	EXPLAIN, Part 1:  Pollutants in Water

EVALUATE, Part 1,2:  Fish Kill Mystery

	1.10

6.04
	Summarizing main points after reading
	EVALUATE, Part 1,2:  Fish Kill Mystery

ENGAGE, Part 2:  A Fish Story

	1.07

1.08
	Locating and choosing appropriate reference materials
	EVALUATE, Part 3:  WTRQ Newscast

	1.10
	Reading for personal learning
	

	
	Language Skill - Writing
	

	5.02, 7.02
	Using language accurately
	EVALUATE, Part 3:  WTRQ Newscast

	1.07

1.08

1.10
	Organizing and relating ideas when writing
	EXPLAIN, Part 2:  Foldable

EVALUATE, Part 3:  WTRQ Newscast

	1.10
	Proofing and Editing
	EVALUATE, Part 3:  WTRQ Newscast

	2.04

7.05
	Synthesizing information from several sources
	EVALUATE, Part 3:  WTRQ Newscast

	1.10
	Documenting sources
	

	2.03
	Developing an outline
	

	1.05
	Writing to persuade or justify a position
	ENGAGE, Part 3:  Paragraph

EVALUATE, Part 3:  WTRQ Newscast

	1.09
	Creating memos, letters, other forms of correspondence
	EVALUATE, Part 3:  WTRQ Newscast

	
	Teamwork
	

	1.01

1.05
	Taking initiative
	ENGAGE, Part 2:  Why is Water Important

	
	Working on a team
	All labs

	
	Thinking/Problem-Solving Skills
	

	1.02, 4.05,

4.07, 4.08,

5.02, 7.03
	Identifying key problems or questions
	ELABORATE, Part 1,2:  Fish Kill Mystery

	1.05, 1.07,

1.10, 2.03,

4.02
	Evaluating results
	EXPLORE, Part 1:  Bioindicators

	1.06, 3.01,

3.05, 5.04,

5.05, 6.02

7.03
	Developing strategies to address problems
	EXPLORE, Part 2:  Filtering Device

	1.09
	Developing an action plan or timeline
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Protecting Our Waters

Part 1:  Understanding Water Quality Data

Purpose:  To describe the factors affecting water quality and how water quality data is used to determine the health of a water system.

GOAL / OBJECTIVE 

Goal 1 –The learner will design and conduct investigations to demonstrate an understanding of scientific inquiry.


Objectives 1.01, 1.05, 1.08, 1.09, 1.10

Goal 3 - The learner will conduct investigations and utilize appropriate technologies and information systems to build an understanding of the hydrosphere.
Objective 3.05, 3.07 (4.01, 4.02, 4.04, 4.05, 4.09, 4.10)


ENGAGE:

Prior to teaching this lesson, prepare 4 clear containers of water.  One container should have clear water with a small amount of ammonia mixed in it.  The second container should have water with enough baking soda mixed in to make it cloudy.  The third container should have distilled water. The fourth container should have water with dirt. If you have access to a pond or a body of water with algae add a fifth cup.  (This can be grown in your classroom.)  Label the cups #1, #2, #3, and #4.  Sit the cups in the four corners of the room. 

Ask the students to count off 1, 2, 3, 4.  All the 1’s should go to cup #1, the 2’s to cup #2, etc.  Ask the students to make observations of the water and record in a data table.  Ask the students to rotate around the room to each cup of water.  Then, tell the students you are going to ask them to “Take a Stand” about the quality of the water in the cups.  You will ask a series of questions and the students should move the container of water in response to the questions.  If they would answer yes to more than one container of water, tell them to stand at their #1 choice and mark their chart to show additional responses.  Ask the Ask the following questions one at a time allowing the students to move to the area of their choice.

1. Which water would you be willing to use to take a bath?   

2. Which cup of water would you drink?  

3. In which water would you be willing to swim?

4. Which water would you use for cooking?  

5. Which water would you use to wash your bike?  

Use the discussion questions to focus students’ thinking, especially on drinking water.  

Have the students do a “Give Me Five” using the transparency provided.  In the center of the hand have the students to define water quality in their own words.  On the thumb, have the students write what they think is biggest problem with water quality.  (You are looking for the students to say something about pollution or how humans are affecting the water.)  On the 4 fingers have the students write 4 factors they think affect water quality or 4 ways to determine the health of the water system.  You can ask if anyone has a swimming pool at home.  If someone has a pool at home, they may know about testing their water in the pool to make it safe for them to swim. 

EXPLORE:
Option 1:  Exploring a Local Body of Water

Take students to a local body of water.  Be sure you have surveyed the area to make sure it is safe for your students and that you have permission to collect data in your desired location.  Use the student responses from the ENGAGE to determine what data you will collect at the site.  Then, you can guide students’ thinking toward the following factors:  pH, temperature, dissolved oxygen, nitrates, turbidity, etc.  Commercial water test kits are available from most science supply catalogs.  The MathScience Innovation Center in Richmond, Virginia has lessons developed by teachers.  The following lesson outlines procedures that you can use to explore water quality of a local body of water

(http://mathinscience.info/teach/612_science/biolife_envisci/freshwater/bioassess.pdf ) using data they have collected.

* For turbidity, you can measure 500mL of water in a measuring cylinder and stand it on paper marked with a black cross to check for water clarity.  You can also find directions for making a secchi disk at the following website:  http://dipin.kent.edu/makedisk.htm 

Invite someone from your local soil and water conservation agency to come with your class to help with collecting the data.  They usually have water test kits available.  They will also be good resources for water quality data for your local river basin.

Option 2:  pH Activity

If you do not have access to a nearby body of water, tell the students you are going to explore pH, which is one of the factors affecting the quality of a water system is pH.  Use the handouts provided for the students or you can have the students come up with their own procedures.  Be sure to discuss the SAFETY ALERT for this lesson.  

Option 3:  Bio-Indicators

In addition to chemical properties, scientists also study the living organisms in a body of water as an indicator of the health of the water.  The MathScience Innovation Center in Richmond, Virginia also has an activity using water quality data simulation cards.  Below are two links for this activity.  The first is the Student Activity Sheet that each student will complete and the second if the Water Quality Data Cards that each group will need for the activity.   Prior to doing this activity, you will need to print the Water Quality Data Cards in color on cardstock.  Cut the cards apart and place in ziplock bags for each group.

Student Activity Sheet:

http://mathinscience.info/teach/612_science/biolife_envisci/freshwater/sim_2.pdf 

Water Quality Data Cards

http://mathinscience.info/teach/612_science/biolife_envisci/freshwater/water_quality_cards.pdf 

EXPLAIN:

Use the 2 transparencies and 2 student handouts for “Indicators of Water Quality” to explain the six main indicators scientists use to determine the health of a body of water.  These transparencies/handouts give a definition of each indicator, the healthy levels for a body of water, the causes of change for the indicator, and the results (how it affects the health of the body of water).  

After going over the indicators, use the following questions to further the students’ understanding of these indicators:

1. Which indicators are directly linked to pollution from humans?

2. Which indicators are directly linked to natural causes?

3. What is the relationship between nitrates and dissolved oxygen?

4. What other relationships do you see between indicators?

Then have the students to complete Part 1-3 of the SAS IN Schools “Pollutants in the Water” (Lesson #870 for Quick Search).  SAS in Schools is a free program provided to North Carolina teachers by the SAS Institute, Inc. in Cary, NC.  All schools in NC have access to this site.  If your school has not registered, you should contact your county technology coordinator or science instruction facilitator to get registered.  The following link will bring you to the login page for the Curriculum Pathways.  Once you have logged in, insert 870 in the Quick Search box to access this lesson.  http://www.sasinschool.com/ProductEntrance/Launch/launch.jsp?unit=870
ELABORATE:  The Mystery of the Dead Fish

Each ELABORATE for this unit will use the case study of “The Fish Mystery” (by Erica F. Kosal) from the National Center for Case Study Teaching in Science at the University of Buffalo, State University of New York.  This case study took place in the Pamlico estuary in North Carolina.  Teachers can access the case study using the following website: www.sciencecases.org/fishkill/fishkill.pdf  and the teacher notes are available at the following website:  www.sciencecases.org/fishkill/fishkill_notes.pdf.  

You will divide the case study into 2 parts.  The first reading will stop on page 2, on the 3rd paragraph from the bottom.  You can read the case study aloud as a class or you can have the students read it themselves.  Direct the students to focus their attention on water quality data discussed in the article (temperature and dissolved oxygen).  If you have access to a LCD projector, display the article on the screen.  As you read, click on the hyperlinks in the reading.  The students can see the dissolved oxygen maps for the month of August and December.  Ask the students to study the dissolved oxygen profile maps of the Pamlico estuary over a three-month period at the following website:  

www.esb.enr.state.nc.us/NeuFolder/images/060708do.gif
The students will probably have to watch the series several times to understand the changes.  Look at the color key and point out to students that the bright yellow indicates low levels of dissolved oxygen and darker green indicates higher levels of dissolved oxygen.  

After reading the case study and looking at the dissolved oxygen maps, ask the students to answer the following questions:

1. What was the first indication to Susan and her friends that there was a problem?  (the odor of the dead fish)

2. What is the relationship between temperature and dissolved oxygen in a water system?  (the cooler the water, the more oxygen it can hold and the warmer the water, the less oxygen it can hold)

3. What levels of dissolved oxygen are considered harmful?  (2 mg/L or less)

4. Looking at the dissolved oxygen maps for the Pamlico estuary, what happened to the dissolved oxygen levels?  (The levels decreased over the three-month period shown.  In June, they were all 3 mg/L or greater and as it moved into July the levels started dropping and the lowest readings were in August.  A large number of readings were less that 2 mg/L.)

5. How does Mark describe the turbidity of the water at the site?  (It is very turbid with lots of nutrients that come down the river.)

6. Why are estuaries so important?  (Estuaries serve as a nursery for many different kinds of fish.  This is very important to the food web of life.)

7. How does oxygen depletion affect fish and other organisms?  (They begin to die.)
Ask the students to summarize what they have learned so far about the fish kill in the Pamlico estuary.

EVALUATE:

Tell students that they are employees of the water quality division of the local agriculture extension agency. Tell them they have been assigned the task of creating a public awareness pamphlet on the importance of water quality testing and the water that we use.  Students will need to include a discussion of the proper pH, dissolved oxygen levels, turbidity, nitrates, temperature and bio-indicators.  The students should also give a brief description of each indicator as well as the ramifications of levels that are too high or too low.  Have the students include a section on useful websites for public education on water quality.  Provide the attached student direction sheet to guide students through the process and use the rubric to assess the product.

Additional Resources

A glossary on water quality can be found at the following website:

http://www.cotf.edu/ete/modules/waterq3/WQglossary.html 

USGS Facts Sheets on Water Management

http://water.usgs.gov/wid/index-infomgmt.html 

Aus-e-tute has background information on water quality.
http://www.ausetute.com.au/waterana.html 

http://www.ncsu.edu/sciencejunction/depot/experiments/water/lessons/np/
http://www.ncsu.edu/sciencejunction/depot/experiments/water/lessons/macro/
http://www.lalc.k12.ca.us/target/units/river/lessons/w_qualitydir.html
http://www.geosociety.org/educate/LessonPlans/i_water.ht  
ENGAGE, Part 1



Name ___________________________________

Handout




Date ____________________________________

What would you do with this Water?

Describe a glass of water you would be willing to drink? _________________________

____________________________________________________________________________________________________________________________________________

Observations of Water:

	Water Sample
	Observations

	Cup #1


	

	Cup #2


	

	Cup #3


	

	Cup #4 


	

	Cup #5


	


Take a Stand:  Which sample of water would you be willing to use for the following activities?  Give an explanation for each choice.

	Water Sample
	Bath
	Drink
	Swim
	Cook
	Wash Bike
	Explanation

	Cup #1


	
	
	
	
	
	

	Cup #2


	
	
	
	
	
	

	Cup #3


	
	
	
	
	
	

	Cup #4 


	
	
	
	
	
	

	Cup #5


	
	
	
	
	
	


ENGAGE, Part 1

Continued

Discussion:

· What factors determine if you are willing to use the water for a particular task?
To Bathe  ______________________________________________________
To Drink _______________________________________________________
To Swim  ______________________________________________________
To Cook _______________________________________________________
To Wash your Bike  ______________________________________________
· Would you be willing to drink the water if it was rust colored or had a funny smell? ______________________________________________________________________________________________________________________________________

· What substances can be found in water? __________________________________ ______________________________________________________________________________________________________________________________________

· Are all substances found in water harmful?  Explain.  _________________________ ______________________________________________________________________________________________________________________________________

· What factors affect water quality? ________________________________________

______________________________________________________________________________________________________________________________________

· How do you think scientists determine the health of a body of water? ____________

______________________________________________________________________________________________________________________________________

· What types of data would you analyze to predict the health of our water systems? 

______________________________________________________________________________________________________________________________________

ENGAGE, Part 1

Transparency


Trace your hand.  Write the following as directed.

Palm = Define Water Quality
Thumb = Biggest Problem with Water Quality

Fingers = Factors Affecting Water Quality or Ways 

               to Determine the Health of a Water System
                [image: image1.wmf]

EXPLORE, Part 1



Name ________________________________

Handout




Date _________________________________

pH and Our Environment

Purpose:  To investigate and understand an acid and a base as well as the effects acids and bases have on the environment and the body.

Background Information:  An acid is a compound that will produce H+ in solution (meaning the compound has H on the front and will give the H up when placed in H2O).  A base is a compound that will produce OH- in solution (meaning that the compound has OH on the end and will give the OH up when placed in H2O).  We measure the acidity of a substance using the pH scale.  The pH scale is divided into three essential parts; the acidic region, the neutral region, and the basic region.  0(7 is considered acidic.  0 is neutral and 7(14 is basic.  For example, stomach acid has a pH of 1, lye has a pH of 14 and pure H2O has a pH of 7.  Exposure to some acids or bases can cause harm to the human body whereas some acids and bases are used as cosmetics, cleaning materials, and even foods.  Acids and bases can also have an effect on our environment.  The disposal of these chemicals is critical to the health of the ecosystem around us.  In this lab we will explore acids and bases and identify how these compounds affect both living and nonliving things.

Materials:

Orange Juice




Milk

Lemon Juice




Pixie Stix

Lime Juice




Sprite

Tomato Juice



Milk of Magnesia

Apple Juice




Red litmus paper

Windex with ammonia


Blue litmus paper

Windex with vinegar



Universal indicator

Shampoo




Phenolphthalein

Vinegar




beakers

Drain Cleaner



droppers

Laundry Detergent



pH probe

Alka-seltzer




computer

SAFETY ALERT:  Goggles must be worn at ALL times during this lab.  Acids and bases can be VERY harmful to the eye.  Dispose of all solutions as directed by the teacher.

EXPLORE, Part 1





continued

Station 1:  Litmus Paper

Procedure:  

1. Using the dropper, place two drops of each solution into its OWN well in a well plate.

2. Dip the end of a piece of red litmus into each well.  Use a separate piece of litmus for each solution.

3. Record the color of the litmus in the data table (red or blue).

4. Repeat this process using the blue litmus paper.

Station 2:  Universal Indicator

Procedure:  

1. Place 5-6 drops of each solution in its well of a well plate.

2. Place 1-2 drops of universal indicator in each well.

3. Record the color of each solution in the data table.

4. Using the table provided, predict the pH of the solution based on its color.

5. Record the predicted pH in the data table.

Station 3:  Phenolphthalein

Procedure:  

1. Place 5-6 drops of each solution in its well of a well plate.

2. Place 1-2 drops of phenolphthalein in each well.

3. Record the color of each solution in the data table.

Data:

	Solution
	Predicted pH
	Litmus Color
	Universal Indicator Color
	Phenolphthalein

Color
	Acid 

Or

Base?

	Orange Juice
	
	
	
	
	

	Lemon Juice
	
	
	
	
	

	Lime Juice
	
	
	
	
	

	Tomato Juice
	
	
	
	
	

	Apple Juice
	
	
	
	
	

	Windex with Ammonia
	
	
	
	
	

	Windex with Vinegar
	
	
	
	
	

	Shampoo
	
	
	
	
	

	Vinegar
	
	
	
	
	

	Drain Cleaner
	
	
	
	
	

	Laundry Detergent
	
	
	
	
	

	Milk of Magnesia
	
	
	
	
	

	Alka-Seltzer
	
	
	
	
	

	Milk
	
	
	
	
	

	Pixie Stix
	
	
	
	
	

	Sprite
	
	
	
	
	


EXPLORE, Part 1





continued

Analysis:  
1. Name the solutions in this lab that tested acidic.  Name the solutions that tested basic.  Did any solutions test neutral?  If yes, which one(s)?

2. What is the pH range of YOUR acids?

3. What is the pH range of YOUR bases?

4. Which of these acids and bases are safe to consume?  Compare the pH range of these acids and bases.

5. Compare the pH range of the substances that are not safe to consume.

6. How would the pH of the groundwater be affected if large amounts of Windex with ammonia were dumped accidentally?  Explain.

7. How would the pH of a stream be affected if car batteries were disposed of in the stream?  How would this affect the aquatic life?

EXPLAIN, Part 1



Name ___________________________________

Handout




Date ____________________________________
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EXPLAIN, Part 1





Transparency
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ELABORATE, Part 1



Name ___________________________________

Handout




Date ____________________________________

The Fish Kill Mystery

Access the following website to review the case study, “The Fish Kill Mystery” by Erica F. Kosal at the National Center for Case Study Teaching in Science (University of New York at Buffalo).

http://www.sciencecases.org/fishkill/fishkill.asp 

Answer the following questions after reading the assigned section.

1. What was the first indication to Susan and her friends that there was a problem?

________________________________________________________________________________________________________________________________

2. What is the relationship between temperature and dissolved oxygen in a water system?  ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. What levels of dissolved oxygen are considered harmful?  ________________________________________________________________

4. Looking at the dissolved oxygen maps for the Pamlico estuary, what happened to the dissolved oxygen levels?  ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. How does Mark describe the turbidity of the water at the site?  ________________________________________________________________________________________________________________________________________________________________________________________________

6. Why are estuaries so important?  ________________________________________________________________________________________________________________________________________________________________________________________________
7. How does oxygen depletion affect fish and other organisms?  ________________________________________________________________________________________________________________________________________________________________________________________________
EVALUATE, Part 1



Name ___________________________________

Handout




Date ____________________________________

Water Quality Pamphlet

You are an employee of the local agriculture extension agency and have been assigned the task of creating a public awareness pamphlet on the importance of water quality testing.  You will have to include a description of the indicators of water quality (pH, dissolved oxygen, turbidity, nitrates, temperature, and bio-indicators).  You will also need to include a section that discusses the ramifications of indicator levels being too high or too low.  The agency has asked you to include a section of websites that the public can use to become more informed.  Use the following rubric to guide you in your creation.

Rubric for Water Quality Pamphlet

	Indicator
	A
	B
	C
	D
	F

	pH
	A good description and good discussion of ramifications
	A description with vague discussion of ramifications
	A description but no discussion of  ramifications
	A vague description but no discussion of ramifications
	No description or discussion of ramifications

	Dissolved 

Oxygen
	A good description and good discussion of ramifications
	A description with vague discussion of ramifications
	A description but no discussion of  ramifications
	A vague description but no discussion of ramifications
	No description or discussion of ramifications

	Turbidity
	A good description and good discussion of ramifications
	A description with vague discussion of ramifications
	A description but no discussion of  ramifications
	A vague description but no discussion of ramifications
	No description or discussion of ramifications

	Temperature
	A good description and good discussion of ramifications
	A description with vague discussion of ramifications
	A description but no discussion of  ramifications
	A vague description but no discussion of ramifications
	No description or discussion of ramifications

	Nitrates
	A good description and good discussion of ramifications
	A description with vague discussion of ramifications
	A description but no discussion of  ramifications
	A vague description but no discussion of ramifications
	No description or discussion of ramifications

	Bio-indicators
	A good description and good discussion of ramifications
	A description with vague discussion of ramifications
	A description but no discussion of  ramifications
	A vague description but no discussion of ramifications
	No description or discussion of ramifications

	Pamphlet Asthetics
	Neat and eye-catching
	Neat but not eye-catching
	 Somewhat neat and somewhat eye-catching
	Messy but somewhat eye-catching
	Neither neat nor eye-catching


Final Grade ______________

Comments ____________________________________________________________

____________________________________________________________________________________________________________________________________________

Unit 2:  Part 1

Transparency






WATER QUALITY
Used to describe the health of a water system 

Terms Used in Part I

Bioindicator – organisms or components of organisms that are used to assess the health of a water system; an organism or community associated with particular environmental condition a change to the number of organisms or the proportions of the community indicate a change in the environment.

Dissolved Oxygen – Measure of water quality indicating free oxygen dissolved in water.
Indicator – A chemical material or solution which can be used to show (usually by a change in color) the endpoint of a chemical reaction or chemical concentration.  Examples are litmus and phenolphthalein.
Macro-invertebrate – small, spineless creatures that are visible with the unaided eye; they include organisms such as crustaceans, mollusks, worms, and insects

Nitrate – nitrogen compounds used for growth by plants and algae; a compound that can be used by photosynthetic life forms to obtain the nitrogen needed for survival 

pH – the measure of how acidic or basic a substance  the acidity neutrality or basicity of a substance 

pH scale –  rating of how acidic or basic  a substance is the scale goes from 0 to 14 with 7 being neutral values less than 7 being acidic and values greater than 7 being 

Secchi Disk – A flat, white disc lowered into the water by a rope until it is just barely visible. At this point, the depth of the disc from the water surface is the recorded secchi disc transparency.
Turbidity – a measure of the clarity of the water (how clear is it?) 

Water quality – used to describe the health of a water system

Protecting Our Waters

Part 2:  Point and Non-Point Pollution

Purpose:  To describe the effects humans have on the quality of water. 

GOAL / OBJECTIVE 

Goal 1:  The learner will design and conduct investigations to demonstrate an understanding of scientific inquiry.


Objectives 1.01, 1.05, 1.08, 1.09, 1.10

Goal 2 - The learner will conduct demonstrate an understanding of technological design.
Objective 2.02, 2.03

Goal 3 - The learner will conduct investigations and utilize appropriate technologies and information systems to build an understanding of the hydrosphere.
Objective 3.07


ENGAGE:  

You have two options for beginning this part.  Each option involves reading a story to your students and a demonstration.  You will need to decide which would be the best fit for you and your students.  

Option 1:  A Fish Story
Prior to the lesson, you will need to create a “Fish Habitat” in a 10-gallon aquarium.  Fill the aquarium with clean water and put a few drops of blue food coloring in the water.  You will also need a small plastic fish, soil, oil, salt, detergent, and red food coloring.  You will also need a copy of “A Fish Story” from the following website:

http://www.readwritethink.org/lesson_images/lesson1035/fish-story.pdf 

Read “A Fish Story” to your students.  As you read the story, you will add materials to the water as indicated in the story.  Stop to discuss the questions as you read.

Tell the students you are going to read the story again and the second time, they are going to illustrate each of the seven situations to show what happens to the fish.  Give the students a piece of 12 X 18 white, drawing paper.  Tell the students to fold the paper in half three times so that when the paper is opened, it is divided into 8 sections.  See below.  The students should use the first block for a title block.  Begin reading the story again, stopping each time you read, “What does this do to the fish?”  Allow the students time to illustrate what it does to the fish.  Ask the students to write a sentence for each situation.  Ask the students to refer back to what they learned in part 1 about water quality indicators. 


[image: image6]
You can then, display the pictures in the room.  You can also ask the students to write another story from the fish’s point of view.  There is a lesson using this story at the International Reading Association website (Read Write Think) that can be integrated with your language arts teacher.

http://www.readwritethink.org/lessons/lesson_view.asp?id=1035 

Option 2:  The Sparkling Water Story

Prior to the lesson download the story from the following website:  http://www.science-house.org/CO2/educators/inside.html.   You will also need to create a “sink” for your wastewater.  A large bucket or gallon jug with about 10-15 cups of water works well.   Put a “Sink” label on the container.  Use pretzels for food and liquid soap for the soap.  

Read “The Sparkling Water Story” to your students.  As you read the story, create the wastewater by adding the materials that are printed in bold.  Use a different bucket for each class you teach because you will need this wastewater for Part 3.  After you read the story, ask the following questions:

1. How would you describe the water that has gone down our “sink?”

2. Is it similar to the water that goes down your sink at home?

3. Where do you think this water ends up? 

4. Think about other ways you use water.  How do you use water outside?  

5. Does this water become a part of wastewater like the water that goes down the sink?

6. What happens to this water? 

Ask the students to write a paragraph to summarize this activity and then make an illustration to go with it.   

Tell the students they create “wastewater” every time they flush the toilet or rinse something down the sink.  The “wastewater” created in this activity will be used later for other activities.  Place the container of water in a safe place to prevent spillage.  You may want to sit it outside.

EXPLORE:  
There are several options available to explore aquifers and pollutants.  Choose one or more for your students to explore depending on the materials you have available.  Each website listed has the information you need to complete the activity.

Option 1:  Aquifer in a Cup  

The EPA has many resources that are available to educators.  Use the following website for an activity in which your students will create an aquifer in a cup.  The activity will illustrate how pollution can become a part of groundwater and leak into aquifers that we need for our drinking water supply.  You can download a pdf version of the directions or you can use the attached worksheet.

http://www.epa.gov/OGWDW/kids/grades_k-3_thirstin_builds_an_aquifer.html
As they complete each step, ask the students to draw their cups and describe what is happening.  Then, use the following questions to probe for understanding:

1. What do the sand, rocks, and clay represent?

2. What does the red food coloring represent?

3. How can the careless use and disposal of harmful substances above ground end up in your drinking water?  

4. What are examples of pollutants that are disposed of by families?  By businesses?  

5. What steps can your family take to prevent this from happening at your house? 

Option 2:  The Incredible Edible Aquifer

The following website has an edible aquifer that your students will love.  The activity from the Idaho Department of Environmental Quality has background information, vocabulary, and assessment ideas that are will help reinforce the activity.  You could give this activity to your students to do at home and share with their family what they have learned about in the classroom.     

http://www.deq.idaho.gov/water/educ_tools/edible_aquifer_lp.pdf 

Option 3:  Human Aquifer

Use the following as a class demonstration.  It will help the students understand how an aquifer works.  You will need at least ten students.
Instructions: 
Begin by choosing one student to be the water (for older students, this person can instead represent an oil spill) that is going to travel through the aquifer. Have the rest of the class stand in the middle of the room. First, have the class be a gravel aquifer, standing an arms length apart. Instruct the "water" to try to move from one side of the group to the other, moving through his or her classmates. When the "water" arrives at the other side, ask how hard it was to get through the "gravel" (he/she should say "easy"). Repeat, but instead have the class be a sand aquifer. Instruct them to take one step towards one another and to put their hands on their hips. Again, ask the "water" how hard it is to get through the "sand" (a little more difficult). Lastly, have the class be a clay aquifer. Have the students take one more step towards the center of the group and place their arms at their sides. The "water" should struggle to get through.
Discussion/ Follow-up: Ask the class which type of aquifer was the easiest and which was the hardest for the water to get through. Ask them what made it easier to get through the gravel than the clay. Explain to them the concept of porosity-the spaces between the pieces were smaller therefore, the oil had a harder time getting through. Lastly ask which type of aquifer we would hope was in place if an oil spill took place in real life.
Another website for aquifer activities:

http://www.groundwater.org/kc/activity2.html
http://www.freedrinkingwater.com/water_quality/experiment4-build-aquifer.htm 

Additional Activity:  Which Water Would you Drink?

Remind students about the 4 cups of water you used in Part 1:  ENGAGE.  Then use 
the following website for an activity that illustrates the idea that what you see may not be what you get.  There are some contaminates that we cannot see.  Students can smell and taste to determine which water they are willing to drink.  The salt, anise, and onion powder represent contaminants in our water that we cannot see. 

http://www.beloit.edu/~SEPM/Water_Works/what_water.html
Use the following questions to probe for understanding following the activity:

1. Based on the experiment, which glass(es) of water would you drink based on sight?  (Collect class data for this question.) 
2. Based on the experiment, which glass(es) of water would you drink based on smell?  (Collect class data for this question.) 
3. Based on the experiment, which glass(es) of water would you drink based on taste?  (Collect class data for this question.) 
4. Which sense should you rely on to determine if water is contaminated?  Why?

5. What other factors determined whether you would drink the water?
EXPLAIN:

Have students create a foldable to define and give examples for point source and non-point source pollutants.  Use the attached transparency to explain to your students how to set up the foldable.  Then, use the teacher resource to check the foldable or for discussion after the students have finished their foldable.

The following website can be used to further discuss water pollution or as a resource for your students to explore.  There are links on the left side of the webpage for types of water pollution.

http://www.cotf.edu/ete/modules/waterq3/WQpollution1.html 

ELABORATE:  The Fish Kill Mystery

Each ELABORATE for this unit will use the case study of “The Fish Kill Mystery” (by Erica F. Kosal)  from the National Center for Case Study Teaching in Science at the University of Buffalo, State University of New York.  This case study took place in the Pamlico estuary in North Carolina.  Teachers can access the case study using the following website:  www.sciencecases.org/fishkill/fishkill.pdf  and the teacher notes are available at the following website:  www.sciencecases.org/fishkill/fishkill_notes.pdf.  

Review with the students what you read in ELABORATE, Part 1.  Continue reading the case study as you did with Part 1 (aloud or individually).  Direct the students to focus their attention on the probable cause of the fish kill – pfiesteria.  If you have access to a LCD projector, display the article on the screen.  As you read, click on the hyperlinks in the reading.  If you do not have access to a projector, display pictures of pfiesteria when the students get to that part of the story.  This part of the case study gets more technical and may be difficult for some students.  It is important that you facilitate a discussion of the information.  Use the following questions as to discuss the case study:

1. What is nutrient influx?  What do you think causes nutrient influx?  
2. What are the results of nutrient influx? 
3. What is pfiesteria?  Look at the images at the website given and draw one of the images. (www.ncsu.edu/wq/harmfulalgae-estuarine/dinoflagellates/pfiesteria/ ) 

4. Describe some of the variations in the microscopic forms of pfiesteria.  

5. What happens to fish that are exposed to pfiesteria?

6. Is pfiesteria harmful to humans? 

7. Nutrient influx that is harmful to the environment is considered a form of pollution.  Do you think the EPA (Environmental Protection Agency) should have regulations regarding this type of pollution?  Explain.  
There are additional questions that accompany the case study.

EVALUATE:

Option 1:  Creating an Enviroscape

2. Ask your students to work with a partner or individually to create an enviroscape* poster that illustrates 8 point source pollutants and 10 non-point source pollutants.  Guidelines and a rubric are given on the student handout.  

(*An enviroscape is a picture of a city, town, or other area that shows the man-

made and natural structures/habitats in an area.)

Option 2:  Ask your students to complete the Compare and Contrast of Point and Non-Point Source Pollution.

EXPLORE, Part 2 



Name ___________________________________

Handout




Date ____________________________________

AQUIFER IN A CUP

(Adapted from US Environmental Protection Agency, Safewater activities for Kids and Teachers)

BACKGROUND:

Many communities obtain their drinking water from underground sources called aquifers.  Water suppliers or utility officials drill wells through soil and rock into aquifers for the ground water contained therein to supply the public with drinking water.  Homeowners, who cannot obtain their drinking water from a public water supply, will have their own private wells drilled on their property to tap this supply. Unfortunately, the ground water can become contaminated by harmful chemicals such as lawn care products and household cleaners that were used or disposed of improperly after use or any number of other pollutants.  These chemicals can enter the soil and rock, polluting the aquifer and eventually the well.  Such contamination can pose a significant threat to human health.  The measures that must be taken by well owners and water plant operators to either protect or clean up contaminated aquifers are quite costly.

OBJECTIVE:

· To illustrate how water is stored in an aquifer, how groundwater can become contaminated, and how this contamination ends up in a drinking water source. 
MATERIALS NEEDED PER STUDENT:

1 clear plastic punch cup (2 3/4" deep x 3 1/4" wide)
1 piece of modeling clay or floral clay 
White play sand 
½ cup aquarium gravel (natural color if possible) or small pebbles 
(HINT: Many small rocks may have a powdery residue on them.  You may wish to rinse them and dry them on a clean towel prior to use. It is best if they do not add cloudiness to water.)

Red food coloring

1 bucket of clean water 
small cup to dip water from bucket
PROCEDURE:
1. Pour ¼ inch of white sand in the bottom of your cup so it completely covers the bottom of the cup.  Pour water into the sand, wetting it completely (there should be no standing water on top of sand). Observe the water.

2. Flatten the modeling clay (like a pancake) and cover 1/2 of the sand with the clay.  Press the clay to one side of the container to seal off that side. The clay represents a “confining layer” that keeps water from passing through it.  Pour a few drops of water onto the clay.  Observe the water. 
3. Use the aquarium rocks to form the next layer.  Place the rocks over the sand and clay, covering the entire container.  To one side of your cup, slope the rocks, forming a hill and a valley (see illustration below).  What do these layers represent? 
4. Now pour water into your aquifer until the water in the valley is even with your hill. Observe the water.  These rocks are porous, allowing storage of water within the pours and openings between them. What is the “surface” supply of water that has formed in this model?  This model gives you a view of both the ground and surface water supplies which can be used for drinking water purposes.  

5. Use the food coloring and put a few drops on top of the rock hill as close to the inside wall of the cup as possible.  Often old wells are used to dispose of farm chemicals, trash, used motor oils, and other materials above an aquifer that can end up in your drinking water.  Observe the food coloring.  How does it spread?
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DATA:

	
	OBSERVATIONS and QUESTIONS

	Step 1


	

	Step 2


	

	Step 3


	

	Step 4


	

	Step 5


	


ANALYSIS:

1. How does the aquifer in your cup represent pollution in the environment?

2. What other activities around your home or school could pollute an aquifer?

3. What steps could you take at home to prevent water pollution?

EXPLAIN, Part 2





Transparency
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EXPLAIN, Part 2

Teacher Resource
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ELABORATE, Part 2



Name ___________________________________

Handout




Date ____________________________________

The Fish Kill Mystery

Access the following website to review the case study, “The Fish Kill Mystery” by Erica F. Kosal at the National Center for Case Study Teaching in Science (University of New York at Buffalo).

http://www.sciencecases.org/fishkill/fishkill.asp 

Answer the following questions after reading the assigned section.

1. What is nutrient influx?  What do you think causes nutrient influx?  ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. What are the results of nutrient influx? _________________________________ ________________________________________________________________________________________________________________________________________________________________________________________________
3. What is pfiesteria?  Look at the images at the website given and draw one of the images. (www.ncsu.edu/wq/harmfulalgae-estuarine/dinoflagellates/pfiesteria/ ) ________________________________________________________________________________________________________________________________________________________________________________________________

4. Describe some of the variations in the microscopic forms of pfiesteria.  ________ ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5. What happens to fish that are exposed to pfiesteria? ______________________

________________________________________________________________________________________________________________________________________________________________________________________________

6. Is pfiesteria harmful to humans?  If so, how? ____________________________ ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7. Nutrient influx that is harmful to the environment is considered a form of pollution.  Do you think the EPA (Environmental Protection Agency) should have regulations regarding this type of pollution?  Explain.  _____________________ ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
EVALUATE, Part 2



Name ___________________________________

Handout




Date ____________________________________

Creating an Enviroscape

An enviroscape is a picture of a city, town, or other area that shows the man-made and natural structures and habitats in an area.

1. You will create an enviroscape poster (9 X 12 or larger) that illustrates 8 point source pollutants and 10 non-point source pollutants.  Number each pollutant on the poster.

2. On a separate sheet of paper, you must create a chart that lists each pollutant by number.  Then, write a description of each pollutant and give 2 possible ways in which each pollutant could be reduced or diminished.

3. Your poster will be displayed for viewing.

Sample Chart:  Use this chart as a guide.  

	#
	PS or NPS*
	Pollutant
	Description
	Ways to Reduce or Diminish Pollutant

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	

	16
	
	
	
	

	17
	
	
	
	

	18
	
	
	
	


* PS = Point Source Pollutant   NPS = Non-Point Source Pollutant

You will be graded on the following:

Identification/description of each pollutant:

________________/54

Ways to reduce/diminish pollutants:


________________/36

Neatness/Creativity:





________________/10

Total







________________/100

EVALUATE, Part 2



Name ___________________________________

Handout




Date ____________________________________

Compare and Contrast

I am investigating . . .

Point Source Pollution     and      Non-Point Source Pollution
How are they alike?      
[image: image10]
How are they different?

[image: image11]



Teacher Resource #2

Terms Used in Part 2

Aquifer – rock layer that stores water and allows water to flow through it

Coliform Bacteria – Many strains of coliform bacteria are naturally present in our environment. Fecal coliform bacteria are present in the feces of humans and other warm-blooded animals. Fecal coliform bacteria should not be found in sources of drinking water. Their presence in water serves as a reliable indication of contamination from human sewage or animal droppings. Although coliform bacteria themselves are not pathogenic, they occur with intestinal pathogens that are dangerous to human health.

Contaminates – Any foreign components in a substance, for example in water.
Non-point source pollution – pollution that comes from many places or sources that is not easily identified; pollution that results from water flow picking up trash, toxic chemicals, and other types of waste

Nutrient influx – nutrients flowing into an area

Point Source pollution – pollution that can be traced to a specific source such as oil that spills from a pipeline 

Pollutant – any substance or form of energy that can cause harm to the environment and make it unfit for use by organisms; any substance that can negatively affect an ecosystem

Protecting Our Waters, Part 3

Keeping Our Water Healthy

Purpose:  To understand how water is treated before and after humans use it.  

                     To assess our role as water stewards. 

GOAL / OBJECTIVE:

Goal 1:  The learner will design and conduct investigations to demonstrate an understanding of scientific inquiry.


Objectives 1.01, 1.05, 1.08, 1.09, 1.10

Goal 2 - The learner will demonstrate an understanding of technological design.

Objective 2.02, 2.03, 2.04

Goal 3 - The learner will conduct investigations and utilize appropriate technologies and information systems to build an understanding of the hydrosphere.
Objective 3.08


ENGAGE:

Ask each student to create a bubble map about “Why Water is Important in Our Daily Lives.”  They can use a computer program such as “Inspiration” or they can draw it themselves.  Have the students to share their bubble map with their groups and note any similarities or differences.  Ask each group to pick one of the bubble maps from their table to use for the group.  Ask them to add to the bubble map based on their group discussion of each group member’s bubble map.  Ask each group to present their bubble map to the class.  Use the following questions to lead a class discussion of the importance of water:

1. What is the most important reason water is important in our lives?  (They should say we need it to live.)  

2. How much water do you drink each day?

3. Estimate:  How much water do you think you use for any purpose in one day?

4. What would your life be like without water?

* You can post the bubble maps in the classroom to refer to as you complete this part of the unit.  

Ask the students to write a paragraph using the following writing prompt:


“Why should we protect the water we have on Earth?”

You can use the following website to discuss the importance of clean freshwater:

http://www.cotf.edu/ete/modules/waterq3/WQhydro2.html 

EXPLORE:

Note to Teacher:  Prior to this lesson teachers should create a supply box of filtering materials.  The students should have a variety of materials available.  The materials should include:

2 liter bottles

Charcoal

Newspapers

Wood chips

Plant materials

Paper towels

Cotton balls 

Small gravel

Sand

Plastic or foam cups

Tulle/netting

Coffee filters

Gauze

Dried beans

Rubber bands

Sponges

Straws

Funnels

Strainers

Tape

Rice

Kitty litter

Screens

Air filters

Split peas

Grass

Leaves

Set aside an area of the classroom for your filtering materials so they are easily accessible for the students during this process.

To begin this exploration, ask probing questions such as:

1. Where does your drinking water come from?

2. Is your drinking water treated before it comes to you?

3. Where does used water go when it goes down the drain in your sink or you flush your toilet?  

4. Do you think this water can be used again?

5. How do you think you could clean this water to make it safe enough to use or to return to the environment?

Refer the students back to the water that you created as you read the story in the ENGAGE Part 2.  Bring out the bucket of water for the students to look at again.  If you did not create the wastewater, you will need to create it for this activity.  Show this water to the students.

Ask the students to create a filtering device to clean the “polluted” water you created.  Let them decide in teams what materials they think would filter their water.  Have students draw a plan or “blueprint” of their device.   Give the students the attached handout with guidelines for making their filtering devise.  The device will be evaluated in terms of effectiveness (how clean it makes the water) and speed (how fast the water is cleaned).   Mix the water well and let each group test 2 cups of the “wastewater.”  After the device is tested, students should evaluate their filtering device.  

EXPLAIN:

There is a multitude of resources available on the topic of water treatment.  Below are some websites that will take you through the water treatment process (both drinking water and wastewater).  Use one or more of these websites to show students the processes of treating water.  As you are using the website, ask the students to draw and label a water treatment plant.  Then, ask the students to summarize each step in the process or go over each step together as a class.  You will also find some other resources listed that may be helpful as you explain the two processes of treating water.

1. This site shows a diagram of a water treatment plant that prepares water for  humans to use.  It allows you to click on each step of the process for an explanation.  You can use the printable page as a handout for your students.

                 http://www.epa.gov/safewater/kids/watertreatmentplant/ 

2. This site is an interactive video that shows the water treatment process for household use.  

       http://www.wonderville.ca/v1/activities/watertreatment/wateractivity.html 

3. This site is a slide show that has more detail than some of the others.  There is also a review slide of the entire process at the end.

http://www.metrocouncil.org/environment/Kids/31.htm 

4. This site is virtual trip through a waste water treatment plant in San Diego.  Just 

      enough “gross” to appeal to middle school students.

                 http://www.sandiego.gov/mwwd/kids/learnit/virtualsewage.shtml  
            There is a short quiz your students can take after you finish with the virtual tour 

            of a wastewater treatment plant.


      http://www.sandiego.gov/mwwd/kids/learnit/quiz1.shtml 

Also, there is a glossary of “dirty words” related to sewage and water treatment.           

      http://www.sandiego.gov/mwwd/kids/learnit/dirtywords.shtml 

5. Additional resources for water treatment

a. An entire unit for teachers on wastewater treatment with background information, a complete glossary, handouts, puzzles, multiple choice questions, etc. (publication of the Alabama Cooperative Extension System and Alabama A&M and Auburn Universities)  Awesome Resource!
http://www.aces.edu/crd/publications/wtrqlty/wq6.pdf 

b. History of water treatment:  http://esa21.kennesaw.edu/modules/water/drink-water-trt/drink-water-trt-hist-epa.pdf 

c. Teacher background information

http://esa21.kennesaw.edu/modules/water/drink-water-trt/drink-water-trt-epa.pdf 

d. Drinking water and your health 

http://esa21.kennesaw.edu/modules/water/drink-water-trt/drinking-water-health-epa.pdf 

ELABORATE:  The Fish Kill Mystery

Each ELABORATE for this unit will use the case study of “The Fish Kill Mystery” (by Erica F. Kosal) from the National Center for Case Study Teaching in Science at the University of Buffalo, State University of New York.  This case study took place in the Pamlico estuary in North Carolina.  Teachers can access the case study using the following website:  www.sciencecases.org/fishkill/fishkill.pdf  and the teacher notes are available at the following website:  www.sciencecases.org/fishkill/fishkill_notes.pdf.  

Ask the students to have group discussion about stewardship.  Tell them to use the following questions to guide this discussion.  Each group should have a recorder to write down their ideas to look back over later. 

1. What is stewardship?

2. What is your role as an environmental steward?

3. What role should the government have to ensure that our local bodies of water are protected? 

4. Do we need additional legislation to protect our water?

Ask the students to do further research on these questions that are specific to your local area or to the Pamlico Sound (the site in the case study).  Then, ask the students to create a poster of flyer to promote stewardship of our water resources and keeping our waterways clean, to promote an organization dedicated to keeping our waterways clean, or to promote legislation related to the type of problems that caused the fish kill.  See the attached handout for guidelines and a rubric.
EVALUATE:

This evaluate will cover information learned throughout the unit.  The students will look at current water quality data of a body of water (part 1), create data to reflect an environmental problem with the body of water (part 2), and report the problem to the public (part 3).  

Ask the students to study current water data they have collected at a local body of water, current water data from your local river basin obtained from your local soil and water conservation agency, or you can go to one of the websites listed below to pull up current conditions.  Ask the students to determine the health of the water system based on the data.  Then, ask the students to change the data to reflect that there is a problem with the water system.  Ask the students to write a case study to explain their “created” data.  Then, ask the students to create a newscast to inform the public about the potential danger associated with the water system.  Use the rubric to assess the newscast.

The following websites have current water quality data you can access:

Current Water Quality Data for Falls Lake

http://www.ncsu.edu/wq/RTRM/dp14/dp14cc.html 

Current Water Quality Date for Bogue Sound

http://www.ncsu.edu/wq/RTRM/CMAST/dp12cc.html 

Water Quality Data for NC (Real-Time Data)

http://waterdata.usgs.gov/nc/nwis/current/?type=quality 

USGS Water Quality Programs in NC

http://pubs.usgs.gov/fs/FS-046-01/ 

Additional Resources

Good list of water resources  http://www.epa.gov/highschool/water.htm 

ENGAGE, Part 3





Transparency

Why is water important 

to our daily lives? 

Create a bubble map.







· Share your bubble map with your group.

· Look for similarities and differences.

· Use one bubble map from your group to add ideas from your group discussion.

· Present your group bubble map to the class.

EXPLORE, Part 3



Name ___________________________________

Handout




Date ____________________________________

Filtering Wastewater

Guidelines for the device are:

· Your device must be designed to clean dirty water that is poured through it as quickly and efficiently as possible.

· Water must flow through your filter into a container which will hold all of the water and not allow the water to spill onto the table.

· You may only use 5 materials from the supply box.

· The device can not be larger than a shoebox.

· Build and test the device.  You can revise and test your device a 2nd time.

· Evaluate the device.

Evaluation Form for Filtering Device

	Test
	Description of Filter


	Speed of the Filter
	Clarity of the Water
	Rank your device 

	1
	
	
	
	

	2
	
	
	
	


Explain why your device did or did not filter well.

What was the best filtering agent and why?

What are other ways we purify our water?
ELABORATE, Part 3



Name ___________________________________

Handout




Date ____________________________________

The Fish Kill Mystery

Access the following website to study the case study, “The Fish Kill Mystery” by Erica F. Kosal at the National Center for Case Study Teaching in Science (University of New York at Buffalo).

http://www.sciencecases.org/fishkill/fishkill.asp 

Discuss the following questions with your group.  Record your answers.

1. What is stewardship?

2. What is your role as an environmental steward?

3. What role should the government have to ensure that our local bodies of water are protected? 

4. Do we need additional legislation to protect our water?

TASK:  Choose a local waterway or the Pamlico Sound (this is the area in the article) to research.  Create a poster or flyer to inform others about this body of water.  Your poster or flyer should also focus on one of the following:
1. promote stewardship of our water resources and keeping our waterways clean

2. promote an organization dedicated to keeping our waterways clean

3. promote legislation related to the type of problems that caused the fish kill.  

Waterway _________________________________________

	Research Questions
	Resource
	Information Gathered

	Are there any problems associated with this body of water?  What are they?


	
	

	What is the cause of the problems?  OR  

What human actions could cause problems for this body of water?


	
	

	What legislation protects this body of water?  


	
	

	What organizations are involved in protecting this body of water?  How are they involved?


	
	

	What programs are available for kids your age to be involved in protecting the waterway?


	
	


RUBRIC:

________ (10 points)  Group discussion is recorded.  (Teacher Initial ______)

________ (30 points)  Research for your body of water is completed.

________ (40 points)  Poster or Flyer created is accurate. 

________ (20 points)  Poster or Flyer created is creative and attractive.

______ / 100 points possible
EVALUATE, Part 3



Name ___________________________________

Handout




Date ____________________________________

WTRQ Newscast

Your group is a newscast team for WTRQ television station.  Your duty is to report on environmental issues.  You have received a tip from an anonymous source about some illegal activity along a local body of water.  You will need to collect water quality data from the site.  Then, you will write and record a newscast to be broadcast on the evening news.

Lead Researcher: ____________________________

Media Technician: ____________________________

Reporter: ___________________________________

Witness: ____________________________________

Research for Newscast:

Use the data you collected from a nearby body of water, contact the local soil and water conservation agency for water quality data from your local river basin, or access current conditions at one of the websites listed below.


Current Water Quality Data for Falls Lake

http://www.ncsu.edu/wq/RTRM/dp14/dp14cc.html 

Current Water Quality Date for Bogue Sound

http://www.ncsu.edu/wq/RTRM/CMAST/dp12cc.html 

Water Quality Data for NC (Real-Time Data)

http://waterdata.usgs.gov/nc/nwis/current/?type=quality 

After studying the data, create a new set of data for an imaginary newscast about a problem with this body of water.  Adjust the data to accurately reflect the problem you have chosen.  Write your own scenario about how the problem occurred.  

	Body of Water
	

	Current Water Quality Data


	Temp
	DO
	pH
	Nitrates
	Phosphorus
	Turbidity
	Bio

Indicators

	
	
	
	
	
	
	
	

	Created Water Quality Data


	Temp
	DO
	pH
	Nitrates
	Phosphorus
	Turbidity
	Bio

Indicators

	
	
	
	
	
	
	
	

	Scenario

(What does the created data indicate about the body of water?


	

	Eyewitness

(What does the eyewitness have to say?)

 
	

	Results

(What is being done to correct the problem? Or, What does  legislation say about this issue?)


	


Rubric for Newscast

________ (10 points)  Watch the news for 30 minutes.  (Parent initial:  __________)

________ (20 points)  Research for your newscast  (Current conditions of site)

________ (20 points)  Data created for newscast is reasonable 

________ (30 points)  Script for your newscast

________ (10 points)  Props used in your newscast

________ (10 points)  Music used in your newscast

______ / 100 points possible

Terms Used in Part 3

Stewardship – responsibility for conserving and restoring the Earth’s resources for future generations

Wastewater – water that runs into drains that may contain sewage and chemicals from homes and businesses or pollutants from industry

Unit 5:  Protecting Our Waters

Name ___________________________________







Date ____________________________________

Multiple Choice Questions

1.  There is recent evidence shows that lakes are being affected by acid rain.  Acid rain

     results in

a)  an increase in game fish population levels

b)  the stimulation of a rapid rate of evolution

c)  the elimination of many species of aquatic life

d)  an increase in agricultural productivity

2.  If your community was planning to build a new sanitary landfill, what would be the 

     most important aspect for the environment to consider in locating the landfill?

a)  the cost of the land

b)  the location of the groundwater

c)  the proximity to an industrial park

d)  the accessibility to a major highway

3.  Which process is used in sewage treatment to kill infectious bacteria?

a)  sedimentation
c)  filtration

b)  chlorination
d)  flotation

4.  High concentration of anaerobic bacteria (biologic water pollutants) are often caused 

     by a decrease in the

a)  temperature of ground water

b)  growth of aerobic bacteria in the water

c)  amount of organic wastes in the water

d)  amount of oxygen dissolved in the water

5.  A landfill is most likely to directly pollute

a)  water vapor over the landfill

b)  precipitation about to fall on the landfill

c)  surface streams flowing to the landfill

d)  ground water under the landfill

6.  Which of the following would scientists use as the BEST indicator of the health of a 

     water system?

a. temperature and turbidity

b. water currents and turbidity

c. convolution and turbidity

d. submersion and turbidity

7.  How does pH negatively affect water sources?

a. low pH is harmful

b. high pH is harmful

c. neutral pH is harmful

d. both low and high pH is harmful

8.  What is the relationship between dissolved oxygen and temperature?

a. high temperature=low oxygen level

b. high temperature=high oxygen level

c. low temperature=low oxygen level

d. low temperature=high oxygen level

9.   How do bio-indicators determine the health of a water system?

            a.  A few species of macro-invertebrates will be present in a healthy body of 

                 water.

 b.  Many different species of macro-invertebrates will be present in a healthy   

      body of water.


 c.  No species of macro-invertebrates will be present in a healthy body of water.


 d.  There is no relationship between the number of species of bio-indicators and 

                 the health of a body of water.

10.   What might happen to the river basin system in your community if a factory 

        continuously dumps toxins into the local river?

   a.  Mutations will occur.

   b.  The turbidity level will be low.


   c.  Dissolved oxygen levels would be high.

   d.  Thermal pollution will cause the temperature to increase.

11.  Which of the following is the BEST example of a non-point source of water

       pollution?

a.  septic systems

b.  landfills

c.  illegal dumping

d.  industrial discharges

12.   What is the main effect of excess nutrients in North Carolina waters?


   a.  Algae growth does not change.


   b.  Algae growth is low.


   c.  Algae growth is high.


   d.  Algae does not grow at all.

13.   Which statement BEST explains the difference between point and non-point

        sources of water?


  a.  point sources can’t be traced


  b.  non-point sources can’t be traced


  c.  point sources have a single origin 


  d.  non-point sources have a single origin

14.   What could be the main reason for strengthening water quality standards?

a.  human health issues

b.  natural animal issues

c.  industrial issues

d.  all of the above

15.   Which method of water treatment is MOST environmentally friendly? 


  a.  draining lakes


  b.  dumping chemicals into the water


  c.  water treatment plants


  d.  building dams

16.  What is the MAIN purpose in monitoring the hydrosphere?

a.  Even though the Earth is mainly covered in water, only a small percentage is 

     usable.

b.  The Earth is ¾ covered with water so we need to know where the water is

      located.

c.  Water is a life sustaining force and we need to keep track of all the water on

     Earth.

d. Both a and b.

Answers to Multiple choice Questions:

1.  c

2.  b

3.  b

4.  c

5.  d

6.  a

7.  d

8.  a

9.  b

10.  a

11.  c

12.  c

13.  c

14.  a

15.  c

16.  a

Language (ELD) Objective. The learner will:


-	





Results of presence of nitrates:  nitrates can _________ the plant production and fish population resulting in overcrowding.  If algae increases due to nitrates, the ___levels can decrease killing fish.  Nitrates are converted to nitrites in humans (can kill children)








Results of changes in temperature:  changes in temperature can make aquatic life susceptible to ____________ and at extreme levels can result in __________





Definition:  	pollution that can be traced back to a single origin or source





fold





Causes of changes in dissolved oxygen:  turbulent actions waves, rapids), water depth, and plant growth  





__________________________________________________________________________________________________________


__________________________________________________________________________________________________________


__________________________________________________________________________________________________________


__________________________________________________________________


__________________________________________________________________








Causes of change in temperature:  source of water, time of year, suspended sediment, depth of water, and shade from shoreline vegetation





High Level of Variety:  healthy water source





Small Level of Variety:  poor water source (indicator of high levels of pollution)





Drinking Water Max:


10 mg/L





Fish:  Below 90 mg/L


seems to have no effect on warm water fish





Low:  cannot be tolerated below 320F





High:  only rough fish can tolerate temperatures above 970F





Indicators of Water Quality





Bio-indicators:  macroinvertibrates found living in water (they tend to remain in one place) that are sensitive to pollution








Nitrates:  compound that contains the nitrogen based polyatomic ion NO3 


(Ex:  Sodium Nitrate)





Causes of nitrates:  fertilizer runoff (both farm and home), manure pits, leaks in septic systems, animal waste, and rain trapping car exhaust





Causes of changes in bio-indicators:  pollution that results in changes in pH,  temperature, dissolved oxygen, or nitrate levels  





Language (ELD) Objective. The learner will:


-	





Results of changes in dissolved oxygen:  When DO drops too low fish die.  When DO is high, the water actually tastes better but can corrode water pipes.





Causes of changes in bio-indicators:  pollution that results in changes in ______, temperature, dissolved oxygen, or ________ levels  





Results of few varieties of bio-indicators present:  the lack of a large number of different varieties of bio-indicators is indicative of pollution  





Results of presence of nitrates:  nitrates can increase the plant production and fish population resulting in overcrowding.  If algae increases due to nitrates, the DO levels can decrease, killing fish.  Nitrates are converted to nitrites in humans (can kill children)








Results of changes in temperature:  changes in temperature can make aquatic life susceptible to disease and at extreme levels can result in death





Language (ELD) Objective: The learner will


- M





Causes of nitrates:  _________ runoff (both farm and home), manure pits, leaks in septic systems, animal waste, and rain trapping _____ ______





Causes of change in temperature:  source of water, ___________, suspended ___________, depth of water, and shade from shoreline ___________





High Level of Variety:  ________ water source





Small Level of Variety:  ______water source (indicator of high levels of __________)





Drinking Water Max:


_________





Fish:  Below _______


seems to have no effect on warm water fish





Results of high turbidity:  high turbidity increases the absorption of sunlight thus making the water warmer.  Warmer water has lower levels of dissolved oxygen causing fish and larvae to die.





Low:  cannot be tolerated below _______





High:  only rough fish can tolerate temperatures above _______





Indicators of Water Quality





Bio-indicators:  ________________ found living in water (they tend to remain in one place) that are sensitive to __________








Nitrates:  compound that contains the nitrogen based polyatomic ion _____(Ex:  Sodium Nitrate)





Temperature:


measure of average kinetic energy








Results of changes in pH:  a change in pH by 2 units results in a water system having 100 times a difference in acidity.  Most aquatic life cannot withstand water outside of the optimum pH thus resulting in death.





____________:  measure of average kinetic energy








Causes of changes in pH:  natural conditions (especially in swamps), dumping of waste (batteries) and farm runoff (lime)





Results:





Causes:





Levels:





   fold 





Definition:





fold





fold





Definition:





 fold








Front








Non-point Source


Pollution











Point Source


Pollution





Under Front Flaps





Examples:  











Examples:  








Back of Front Flaps





Definition:  





Definition:  	





Front





fold





fold





fold





Under Front Flaps





Examples:  


Fertilizer runoff from farms or homes


Illegal Dumping 


Chemical Runoff


Soil Erosion from Construction sites


Pesticide Runoff 





Examples:  


Underground oil or gas tanks that leak


Landfills


Industrial discharges


Septic Systems


Municipal Wastewater Discharges





Back of Front Flaps





Definition:  pollution that comes from a wide range of sources








Non-point Source


Pollution











Point Source


Pollution





Importance of Water





Causes of increased turbidity:  increased levels of phytoplankton, sediment from erosion, re-suspended sediments from the bottom (stirred by bottom dwellers), waste discharge, algae growth, and urban runoff





Surface Freshwater: 6.0 (9.0





Swamps: as low as 4.3





Salt Water:  8.1 but as low as 7.7








Ideal Level:  1 NTU





High Level:  5 NTU and above








Indicators of Water Quality





pH:  the acidity of the water (presence of hydrogen ion)


0(7 is acidic 


7 is neutral


7(14 is basic








Turbidity:  measure of the degree to which water looses its transparency due to the presence of suspended particulates








Results of few varieties of bio-indicators present:  the lack of a large number of different varieties of bio-indicators is indicative of ____________  





Definition:





Levels:





Results:





Causes:





Dissolved Oxygen:  the oxygen dissolved in the water








Average Level:  


9.0 ppm





Must be 4-5 ppm to support diverse population of fish





Results:





Causes:





Levels:





Average Level:  9.0 ppm





Must be _____ ppm to support diverse population of fish





Results of changes in dissolved oxygen:  When DO drops too low fish die.  When DO is high, the water actually tastes better but can _______ water pipes.





Results of changes in pH:  a change in pH by 2 units results in a water system having ______ times a difference in acidity.  Most aquatic life cannot withstand water outside of the __________ pH thus resulting in death.





Results of high turbidity:  high turbidity increases the _________ of sunlight thus making the water warmer.  Warmer water has lower levels of dissolved oxygen causing fish and larvae to die.





Causes of changes in dissolved oxygen:  ___________ actions (______, rapids), water depth, and plant growth  





Causes of changes in pH:  natural conditions (especially in swamps), dumping of waste (________), and farm runoff (lime)





Causes of increased turbidity:  increased levels of ___________, sediment from erosion, resuspended sediments from the bottom (stirred by bottom dwellers), waste discharge, algae growth, and ______ _____





Surface Freshwater: ___ (9.0





Swamps:as low as 4.3





Salt Water:  8.1 but as low as _____








Ideal Level:  1 NTU





High Level:  ______ NTU and above








Indicators of Water Quality





pH:  the acidity of the water (presence of hydrogen ion)


0(7 is _________ 


7 is neutral


7(14 is ________








__________:  measure of the degree to which water looses its transparency due to the presence of suspended ___________








Dissolved Oxygen:  the ________ dissolved in the water








Definition:





Levels:





Causes:





Results:





 Water





 Small Rocks





 Clay





 Sand
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