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Water You

Drinking?

	Lead Staff Member 
	Time Allotment 

	Hope Klagges and Juli Werth
	2-3 class periods


Overview

	 In this activity, learners identify water samples they would like to compare and the appropriate water quality tests to conduct on those samples.  After conducting the tests, learners analyze their data by comparing the samples to each other and the state water quality standards.  The learners will use reference materials to determine what the standards are and what the presence of various constituents means with respect to environmental quality and human health.  In addition, learners are challenged to determine the sources of these constituents in water, both natural and anthropogenic.  Each group then presents their research question, data, analysis, and conclusions to the class. Finally, learners are engaged in questions about what the standards mean, how they are established, and how the compare to the concentrations found in natural waters.


Instructional Cluster

	· Sense of Purpose
	(  Eliciting Ideas
	(   Engaging Learners 

	Learners will compare water samples and determine if drinking water meets the state water quality standards.
	Learners will use the data collected and reference materials to analyze the quality of their drinking water and explain differences in water samples.
	Learners will determine why the water they drink has a specific composition and how it compares to the drinking water standards.

	· Developing and Using  

Scientific Ideas 
	· Reflecting on Ideas   and Experiences 
	(   Assessing Progress  

Learners will complete and share with the instructor their proposed research plan before gathering materials and collecting data.  In addition, the learners will present their results to the entire class.

	Learners will incorporate the scientific method by creating a hypothesis, developing and implementing a procedure, collecting and recording data, analyzing results, and developing and presenting conclusions.
	Learners will use reference materials to better understand the tests they conducted on the water samples and to determine what the information provided by the test results means. 
	


	Objectives

· Dilute a solution to one ppm

· Know what “parts per million” means

· Identify a question for investigation, plan and conduct the investigation, share the results 

· Explain why waters have different chemical compositions

· Explain what aspects determine the specific chemical composition of individual water samples


	Materials

	· 
	· Carolina Test Kits

· 10 ml graduated cylinder

· Six test tubes

· Food coloring

· Water

· Investigation Planning Guide 

· Data Collection Sheet

	· 
	Safety Issues/Precautions 

	1. 
	· Use common sense when working with chemicals.

· Avoid drinking any of the water used in the tests.

· Avoid touching pads on test strips.

· Avoid putting test strips in your mouth.

· Wash your hands after conducting tests.

· Avoid splashing water – test strip colors may stain clothing 


	Background 



	Although water seems to be an endless resource – 75% of the earth’s surface - the amount of water that is available for drinking is very small.  Salt-water makes up 97% of all water, and 2.3% is in the glaciers at the North and South Poles.  This leaves only 0.7% for fresh usable drinking water.  Most of this usable water – 97% - is underground, and 3% is in fresh water lakes, rivers, streams, and swampland with 18% of this surface water found in the Great Lakes (Carolina, 1999). 

To protect this resource, water quality standards are determined by state and federal environmental protection and health agencies (i.e. the U.S. Environmental Protection Agency [EPA]).  They monitor the quality of surface water and ground water sources and are responsible for assessing the quality of water, setting acceptable or safe drinking-water standards (primary and secondary), monitoring for changes, and recommending water quality improvement practices (Project Wet).

These standards are established so that water constituents do not reach levels that are hazardous to human health or the environment.  However, these standards do not help us understand or explain the chemical composition of water.  Therefore, it is important for students to ask themselves “From where does water derive its chemical properties?”  Primarily, water derives its chemical properties from the surfaces it comes in contact with while traveling through the ground.  As a result, waters from around world can have distinctly different compositions and still be safe to drink.  Learning to analyze whether the chemical composition of a water sample makes sense is paramount to determining whether or not pollution is impacting the water source, even if the pollution source is not directly harmful to human health or the environment at the time.

	Procedure




1. Show various glasses of drinking water from various geographical regions and ask learners if they think it is safe to drink.  How do they know?

2. List the things they would like to know about the water before they would drink it.

3. Begin showing learners various water quality test results from the samples.  Ask if the samples are still safe to drink?  How do the learners know?

4. Discuss the measurement unit, parts per million (ppm), used for the test results.  What does ppm mean?

5. Each learner will then take a test tube and add 9 mL of tap water and one mL of blue food coloring.  What is the ratio of food coloring to total solution?  The learner takes one mL from this test tube and adds it a new test tube.  Then 9 mL of water are added to the second test tube.  What is the ratio of food coloring to the new solution?  Continue this procedure until six test tubes have been filled with 9 mL of tap water and one mL from the previous test tube.  What is the final ratio?  What does this mean?  Learners have the opportunity to visually watch a dilution to 1 ppm through this exercise.

6. Do the test results from the samples make sense?  What are the learners concerned with when it comes to the test results of the drinking water?  What should the learners be concerned with when it comes to drinking the water?  Utilize these questions to start an inquiry-based discussion.  

7. In small groups:

· Learners will collect: SAMPLES OF HOT TAP WATER and COLD TAP WATER (from the same tap), DRINKING FOUNTAIN WATER, AND THEY WILL BE GIVEN ONE SAMPLE OF BOTTLED WATER.

· Tests to be conducted on the water samples include: pH, Total Alkalinity, Nitrate-Nitrogen, Nitrite-Nitrogen, Iron, Free and Total Chlorine, Chloride, and Phosphate.

8. Investigators need to identify:

· Hypothesis: What differences do you expect to find between the water samples?  What questions do have about the analysis and the results you will be acquiring?  What information do you need to answer those questions?  And where can you go to find answers to your questions?

· Plan the investigation: What do you need to know before you begin, how can you find out, what tests will you need to conduct, what materials will you need?

· Share the investigation plan with the instructor before implementing the plan

· Gather materials

· Conduct the investigation: Use the Data Collection Sheet to keep track of your results

· Analyze data: Were there any differences in the samples?  What were those differences and what explanations do you have for them?  Does the water chemistry reflect the environment from which it is taken?  HINT:  Read the labels on the bottled water containers for ideas on analyzing your data.  

· Conduct Internet, encyclopedia, and reference searches for the water quality standards in Indiana to determine if the drinking water meets the standards and what the tests tell them about the water we drink.

· Share understanding: Create a poster to present to the class which includes: 

· the  hypothesis, 

· the tests the conducted and why, 

· the results they collected in the form of a bar graph and the state standards graphed alongside the information collected

· an explanation of the results, and 

· a statement of the quality of the water samples compared to each other and compared to the water quality standard

· questions for further investigation

· groups should also discuss the following questions:  Why aren’t high levels of the items tested wanted in the drinking water?  What are potential sources of these constituents?

6. Learners are told that the testing for chlorides in water is a secondary standard, and that the standard is 250 ppm.  Why would chloride be a secondary standard?  Why is it necessary to monitor chlorides?  Where in the United States would there be high quantities of chloride?  Where would there be low quantities?  Why?  

7. Review with learners some chloride values in rainwater across the United States. 

Salem, IL – 0.62 ppm

Brownsville, TX – 22 ppm

San Diego, CA – 3.31

Washington State – 23 ppm

8.   Do these match the learners’ predictions?  Why are the values what they are?  Would the values increase once the rainwater became part of the ground water?  Why or why not?  Why is chloride a concern?

9. How do chloride concentrations in their samples compare with rain water concentrations?  If rain water is the only natural source of chloride in ground/surface waters, then where is it coming from in their samples?  Take home message: pollution is present even if it is below the standard. 

10. How do people look at water quality analysis (higher levels of chloride is an indicator of runoff from roads and farms)?  What does it mean to the person as a consumer of drinking water?  What are some pollution concerns in the learners’ environments?  

11. Chlorine vs. Chloride – The Importance

Dilution of Blue Pollutant: Is Dilution the Pollution Solution?

1. Examine the glass of water with blue food coloring – this represents a pollutant. 

2. Take 10 ml of pollutant and add to 90 ml of clear water – the concentration (1 pp 10).

3. Take 10 ml of this diluted solution and put it in 90 ml of clear water (1 pp 100).

4. Dilute the pollutant one more time, 10 ml into 90 ml of clear water (1 pp 1000).

5. Dilute again 10 ml into 90 ml (1 pp 10,000).

6. And again  (1 pp 100,000).

7. And once more (1 pp 1,000,000 = 1 ppm)

8. Would the learners drink the water now?  Why or why not?

	National Research Council Science Education Standards


Professional Development

	Professional Development Standard A  Professional development for teachers requires learning essential science content through the perspectives and methods of inquiry.

Involve teachers in actively investigating scientific phenomenon

Address significant, relevant science issues

Professional Development Standard B  Professional development for teachers of science requires integrating knowledge of science, learning, pedagogy, and students; it also requires applying that knowledge to science teaching. 

Occur in a variety of places where effective science teaching can be illustrated and modeled

Use inquiry, reflection, interpretation of research, modeling, and guided practice to build understanding and skill in science teaching




Teaching  

	Teaching Standard B  Teachers of science guide and facilitate learning.

Focus and support inquiries while interacting with students

Orchestrate discourse among students about scientific ideas

Encourage and model the skills of scientific inquiry

Teaching Standard C  Teachers of science engage in ongoing assessment of their teaching and student learning.

Guide students in self-assessment

Teaching Standard D  Teachers of science design and manage learning environments that provide students with time, space, resources needed for learning science.

Make available science tools, materials, media, and technological resources accessible to students

Identify and use resources outside of school




Inquiry 

	Content Standard A  Science as Inquiry

Abilities necessary to do scientific inquiry




Content 

	Content Standard B  Physical Science


Properties and changes of properties in matter

Content Standard F  Science in Personal and Social Perspectives

Personal health

Populations, resources, and environments


Assessment 
	Assessment Standard A  Assessments must be consistent with the decisions they are designed to inform.

Assessments are deliberately designed

Assessment Standard C  The technical quality of the data collected is well matched to the decisions and actions taken on the basis of their interpretation.

Assessment tasks are authentic

Students have adequate opportunity to demonstrate their achievements


	References

	Reaching Your Limits.  Project WET Curriculum and Activity Guide

9-Factor Classroom Activity Booklet.  Carolina Biological Supply Company.  Burlington, NC, 1999.

Wet In the City: Urban environmental education program focused on water resources.

www.wetcity.org

	Resources

	US EPA History Office: Provides history of the major environmental regulations http://www.epa.gov/history/
The History of Drinking Water Treatment: Includes the history dating back to 4000 BC http://www.epa.gov/safewater/sdwa25/sdwa.html
Drinking Water Past, Present, and Future: highlights the Safe Drinking Water Act http://www.epa.gov/ogwdw/
American Water Works Association

http://www.awwa.org/
EPA Office of Water

http://www.nssn.org/information.html
Water on Tap:  A Consumer’s Guide to the Nation’s Drinking Water;  EPA 815-K-97-002, July 1997.

Ground Water and Drinking Water

http://www.epa.gov/safewater/
Drinking Water Standards

www.epa.gov/safewater/creg.html
Drinking Water Contaminants

www.epa.gov/safewater/hfacts.html
Bottled Water Information

www.bottledwaterweb.com
EPA: Reports on Local Water Companies

www.yosemite.epa.gov/ogwdw/eccr.nsf/America?

City Water Sources

www.epa.gov/safewater/dwinfo.htm



APPENDIX  A

Common Inorganic Chemicals

Found in Water

The information presented here was adapted from Carolina 9-factor Classroom Activity Booklet and is meant as a preliminary guide to assist in conducting water tests.  For additional information visit the resources included with this lesson.

Nitrate and Nitrite Nitrogen in Water
Nitrite and Nitrate Nitrogen are non-point contaminations that find their way into the drinking water from farm fertilizer, industrial water, sewage, biological water, feedlot run-off, and even natural forming mineral deposits.  This is an undesirable contaminate in drinking water at any level.  Several Medical Journals have published articles associating drinking water containing Nitrate Nitrogen levels of 10 PPM with methemoglobinemia, or “blue baby” syndrome.  Older children and adults are not affected in this way.  The presence of Nitrate Nitrogen can often be a sign of other harmful pollutants in the water.

Total Hardness in Water
Water flowing through the ground is naturally filtered of small particles but minerals naturally occurring in the ground can dissolve into groundwater.  Stalactite and stalagmite formations in caves occur when groundwater dissolves minerals and redeposits them underground.  Hard Water contains high levels of dissolved minerals, particularly calcium and magnesium.  Soft Water contains very few dissolved minerals.  Soft water may damage plumbing made from copper or iron and may damage lead solder used in copper plumbing joints.  Hard water tends to form scale inside pipes and in the sink and tub.  Water was originally called ‘hard’ because it was hard to form suds with soap.  Soft water forms suds with soap easily.

Iron
Iron is naturally occurring from igneous and sandstone rocks but can also arise from corrosion of plumbing materials.  Current research does not associate iron levels in water with any health effects.  However, iron in water above 0.3 ppm can have an unpleasant taste, be colored, and can cause staining of laundry and sinks.  High levels of iron in the water may be present if rust colored deposits are seen in toilet tanks or sinks.  In water pipes the iron typically is dissolved, but upon exposure to air, the dissolved iron readily combines with the oxygen to produce visible oxidized iron products, or “rust stains”.  

Copper
Copper is not normally found in tap water.  Formation in water occurs during corrosion of interior household and building copper pipes.  Copper, when found in water, can cause stomach and intestinal distress.  Copper can cause a greenish film left on the sink and bath tub.  The EPA recommends that at 1.3 ppm or higher levels of Copper immediate corrective action should be taken.  Copper removal can be accomplished with several commercial systems.

Free Chlorine, Total Chlorine, and Monochloramines in Water
To counteract microorganisms in water, “Free Chlorine” is the sanitizing agent used by a majority (over 95% in 1996) of the water treatment facilities in the USA.  Normally, you will find between 0.2 ppm and 4.0 ppm of Free Chlorine in your tap water.  When water is left open to the air, the free chlorine will quickly volatize, or escape into the air.  In piping, it will keep your water sanitary and free from microorganisms.  After Free Chlorine acts upon microorganisms, it will convert to Monochloramines.  This is the chemical that can give treated water a characteristic Chlorine odor.  You may have smelled this when swimming in a chlorinated pool.  Run the cold-water tap for 30 seconds.  Take a sample of water into a glass container.  Smell the chlorine scent of the water.  The amount of Monochloramines in your water can be calculated by measuring both the Free Chlorine and Total Chlorine concentrations. 

Free Chlorine + Monochloramine (Reacted Chlorine) = Total Chlorine
pH and Total Alkalinity in Water
“pH” is a measure of the acidic or caustic nature of your water.  Lower numbers indicate acids while higher number indicate bases, or caustics.  A pH result of 7 is Neutral.  Results at 6.4 or less indicate that the water can be mildly corrosive to metal plumbing.  Water pH levels above 8.5 may tend to leave deposits on fixtures, especially if the total hardness is also high.

Total Alkalinity is a term used by science to quantify the amount of the acid-neutralizing capacity of water.  Total Alkalinity of 80 to 240 ppm is desirable.  The alkalinity of most water supplies is caused by dissolved bicarbonate (HCO3¯) salts. 

Total alkalinity and pH are tested together because their values usually “flow” together.  For example, a water sample that has higher pH tends to have high Total Alkalinity.  Likewise, water with lower pH will typically read low or zero for Total Alkalinity.
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Date

Record your results for each drinking water test you conduct.  Compare your results to guidelines set by the United States Environmental Protection Agency (EPA). 

	Test
	Range
	Ideal Range
	Results

	
	
	
	
	
	
	

	Total Chlorine
	0 to 5.0 ppm
	Less than 4.0 ppm
	
	
	
	

	Free Chlorine
	0 to 5.0 ppm
	0.2 to 4.0 ppm
	
	
	
	

	Chloride
	0 to 20 ppm
	Less than 250 ppm**
	
	
	
	

	Total Hardness
	0 to 425 ppm
	50 to 125 ppm*
	
	
	
	

	Total Alkalinity
	0 to 720 ppm
	80 to 240 ppm*
	
	
	
	

	pH
	6.0 to 11.0
	6.5 to 8.5 **
	
	
	
	

	Nitrate/Nitrite Nitrogen
	0 to 20 ppm
	Less than 10 ppm***
	
	
	
	

	Nitrite Nitrogen
	0 to 10.0 ppm
	Less than 1 ppm
	
	
	
	

	Phosphate
	
	
	
	
	
	

	Copper
	0.0 to 5.0 ppm
	Less than 1.3 ppm
	
	
	
	

	Iron
	0.0 to 5.0 ppm
	Less than 0.3 ppm**
	
	
	
	


*Not included in EPA standards at this time.

** Included in EPA Secondary Standards

***EPA specification for Nitrate Nitrogen (Subtract Nitrite Nitrogen level from the Nitrate/Nitrite Nitrogen level.)

Adapted from Carolina Biological Supply Company

9-Factor Classroom Activity

Water You Drinking?

Procedure

In small groups, 

· Given

2. Four water samples to compare (hot water from tap, cold water from same tap, water from a drinking fountain in the same area, a sample of bottled water to be given to groups by instructors)

3. Possible Test Parameters: pH, Total Alkalinity, Nitrate-Nitrogen, Nitrite-Nitrogen, Iron, Free and Total Chlorine, Chloride, and Phosphate.

· Generating Questions:

1. What differences do you expect to find between the water samples?  

2. What questions do have about the analysis and the results you will be acquiring (i.e. how do your results compare standards, where is your water taken from, how do your results compare to reported results for the water sample)?  

3. What information do you need to answer those questions?  

4. And where can you go to find answers to your questions?

· Plan the investigation: 

1. What do you need to know before you begin?

2. How can you find out? 

3. What tests will you need to conduct?

4. And, what materials will you need?

· Share the investigation plan with the instructor before implementing the plan

· Gather materials

· Conduct the investigation: Use the Data Collection Sheet to keep track of your results

· Analyze data: 

1. Were there any differences in the samples?  

2. What were those differences and what explanations do you have for them? 

3. Does the water chemistry reflect the environment from which it is taken?  

4. HINT:  Read the labels on the bottled water containers for ideas on analyzing your data.

5. Can you explain the chemical composition of the water?

· Use the following resources to determine how your samples compare with standards, how they compare with reported analyses of your water, why the standards are established, and does the chemistry reflect the environment from which it was taken?

1. US EPA History Office: Provides history of the major environmental regulations http://www.epa.gov/history/
2. The History of Drinking Water Treatment: Includes the history dating back to 4000 BC http://www.epa.gov/safewater/sdwa25/sdwa.html
3. Drinking Water Past, Present, and Future: highlights the Safe Drinking Water Act http://www.epa.gov/ogwdw/
4. American Water Works Association: http://www.awwa.org/
5. EPA Office of Water: http://www.nssn.org/information.html
6. Water on Tap:  A Consumer’s Guide to the Nation’s Drinking Water;  EPA 815-K-97-002, July 1997.

7. Ground Water and Drinking Water: http://www.epa.gov/safewater/
8. Drinking Water Standards: www.epa.gov/safewater/creg.html
9. Drinking Water Contaminants: www.epa.gov/safewater/hfacts.html
10. Bottled Water Information: www.bottledwaterweb.com
11. EPA: Reports on Local Water Companies: www.yosemite.epa.gov/ogwdw/eccr.nsf/America?

12. City Water Sources: www.epa.gov/safewater/dwinfo.htm
· Share understanding - Create a poster to present to the class which includes: 

b. the questions generated, 

c. the tests the conducted and why, 

d. the results they collected in the form of a bar graph

e. a bar graph with results and the state standards (both graphs should be on one axis)

f. an explanation of the results: including answers to guiding questions from the analysis of the results

g. a statement of the quality of the water samples compared to each other and compared to the water quality standard

h. questions for further investigation

i. groups should also discuss the following questions:  Why aren’t high levels of the items tested wanted in the drinking water?  What are potential sources of these contaminants?
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