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Overview

	

	The treatment of municipal solid waste (MSW) is a growing concern, environmentally and financially, in the United States.  Antiquated sewer systems, increased demand sewage treatment, and stricter environmental regulations have resulted in dysfunctional sewage treatment facilities.  In this lesson, learners will gain a better understanding of what wastewater is, how it is produced, how it is cleansed, and ultimately where it goes. Given a scenario where learners are placed in the position of “wastewater managers”, learners will design, construct and implement their wastewater treatment plans.  After designing and constructing their methods of treatment, learners will ultimately get to compare their systems to models such as the Neo/Sci  Water Treatment Activity Model, and treatment processes currently in use commercially.  Learners will also review the current processes for sewage treatment, read and discuss an article describing the problems associated with the present system, develop alternative methods for treating sewage, and compare their methods with those actually in practice. 


Instructional Cluster

	· Sense of Purpose
Learners will gain a better understanding of what wastewater is and how they are affected by it, as well as how they ultimately contribute to it. 
	· Eliciting Ideas

Learners will identify the path/process of wastewater, pinpoint possible problem areas in the process, and develop solutions to those problems.
	(   Engaging Learners 
Learners will use materials provided to design, construct, and test their own models for wastewater treatment.

	· Developing and Using  

Scientific Ideas 

Learners will use scientific reasoning to identify problems in wastewater treatment and design a system that addresses these problems.  By reading an article describing current problems in our sewer systems, learners will be able to identify with fellow Americans and want to prevent the problem from happening in their homes.
	· Reflecting on Ideas   and Experiences 
Learners will compare and contrast their ideas and solutions for wastewater treatment with those actually used in communities. 
	· Assessing Progress 

By utilizing a role-play scenario, learners are encouraged to  develop a wastewater treatment plan for themselves.  Learners will self-assess their progress by modifying their ideas for problems with the treatment process after reading the article.  

	Objectives

· Review the processes involved in waste water treatment
· Discuss the impact of failed treatment facilities on communities
· Identify solutions to the problems associated with failed systems
· Compare and contrast the learners solutions with those actually being considered by communities
	Materials

	· 
	· Filter paper
· Purification microorganism culture

· Purification station (Neo/Sci kit)

· Waste water

· Poster paper

· Markers

· Funnels, 

· Soils, sand, gravel, 

· Diatomaceous earth

· Rid-Ex

· Various containers

· Plastic tubing 

· Separation tower

· Screens
· Newsprint for drawing solution ideas

· Article for discussion: “The Sickening Sewer Crisis”



	· 
	Safety Issues/Precautions  

	· 
	Protective glove, goggles, and lab apron used when handling chemicals. 

Settled solids may be disposed of with regular solid waste.

Diluted liquid waste may be rinsed down the drain with lots of water.

Chemicals used – use precaution


	Background 

     History of Wastewater Treatment

      The purification of drinking water dates back to 4000 BC when methods were developed to improve the taste and odor of water.  Ancient Greeks used charcoal, boiling, and straining to improve the clarity of water and Ancient Egyptians used alum to cause suspended particles to settle.  In the 1800s, scientists developed an understanding of microscopic organisms and treatment methods reflected the need to remove pollutants that could not be seen.  As early as 1908, chlorine was being used to disinfect drinking water.

     Despite the desire to purify drinking water and the knowledge of sources of contamination, waste water treatment was not developed in the United States until the mid-1900s.  In fact, the first laws regulating water pollution were not established until 1972 with the Federal Water Pollution Control Act.  

     The first wastewater permit was issued in Indiana on March 2, 1973 and “gave five companies the authority to discharge treated wastewater into navigable rivers.”   Moreover, the first permit to discharge municipal wastewater was issued in Illinois on July 30, 1973 and included specific guidelines for the quality of the effluent being discharged.  

     In 1977, the Clean Water Act was passed as an amendment to the 1972 Federal Water Pollution Control Act and established regulations for pollutants discharged into surface waters.  “The 1977 amendment focused on toxic pollutants.  In 1987, the CWA was reauthorized and focused on toxic substances, …and funded sewage treatment plants….” As a result, the treatment of wastewater and the regulation of the treatment were not formally encouraged, through funding, until 1987.

     Prior to the regulation of the quality of wastewater, communities’ sewer systems would empty directly into rivers, lakes, and oceans.  As populations grew, so did the quantity of effluent being discharged, which led to extreme pollution of the US water systems.  According to the EPA, in 1992, “44% of lakes, 37% of rivers, and 32% of estuaries in the United States that were tested were unsafe for fishing, swimming, and other recreational uses.” (Miller 1996)  




	Procedure


1. Prior to this lesson, place students into small groups of three to four.

2. Place a clean glass of water in front of your learners, taking sips as you begin the lesson. After a sip or two, place your glass behind some object where you have conveniently concealed an identical glass with food coloring, and other equally visible objects in it.

3. Open a class discussion on what are some things we use water for in our homes, businesses, and everyday life.  List the responses from learners on a chalkboard or poster board.

4. Retrieve your glass of water, only this time take the one with food coloring/waste in it instead. Pretend to absent-mindedly raise the glass to your lips so that the learners can see. Only at the last moment state that, once used, water ultimately gets contaminated, producing what we refer to as wastewater.

5. Dump the cup of contaminated water down the drain if one is available in your classroom. If not, verbally paint a picture of disposing not only the cup of water, but also that which we shower with, wash our clothes with, or flush down our toilets. (Note: Make sure that all objects in the cup are indeed safe to dispose of in this way before emptying down the drain).  

6. On a poster board or chalkboard write the following question:  Where does wastewater go?
7.  Provide a few minutes for each group to draw a diagram of the locations (labeling each one) where they think wastewater travels including its final destination.
8. Allow each group to present their drawings to the class. (Note: It is not critical that the drawings be completely accurate, or if they omit obvious points or items of importance at this stage).

9. Have the class select one drawing, or a combination; they feel is most representative of where they feel wastewater will travel. 

10. Redraw the new diagram to reflect what the learners have agreed upon. Save this drawing for future reference in the lesson.

11. Now allow groups to ponder the following question, Is this process always effective?

12. Since no system is perfect, allow each group of learners to take a few minutes to identify and list possible problems that can occur in the system they have created. Save this list for future reference.
13.  Present learners with a copy of U.S. News’ “The Sickening Sewer Crisis” to read individually and discuss as a group. They should then make a new list of problems that came out of the article. Each group will compare their new list to their original one, then share with the class. 

14. Each group will now be asked to come up with some possible solutions to the list of problems they have identified. Make sure that they keep in mind the following; 

i. Costs of upgrading

ii. Environmental concerns in the area

iii. Obstacles that have to be overcome

iv. Can you design a treatment plant that people wouldn’t mind living near?

15. Groups will share their solutions and reasoning with the class.

16. Present groups with a copy of the “Modeling Water Treatment” scenario, “Wastewater Treatment Model” worksheet, and materials.

17. Explain that they are to follow the directions given on each sheet.

18. Groups will share and explain their model designs outlined on their “Wastewater Treatment Model” handouts with the class. Listen for the following:

Separation of particulate solids

Settling in detritus chamber

Disposal of solids:  dehydration, incineration

Organic waste

Introduction of purification microorganisms to consume organic waste

Testing at various stages

Harmful bacteria or protozoan

19. Groups are to now construct their wastewater treatment model. The “Wastewater Sample” worksheet and the sample wastewater should be given out at this time. (Note: Sample wastewater should be slightly acidic, contain some visible suspended solids, and turbid. Instructor should determine Turbidity, pH, and total dissolved solids of the sample beforehand).

20. Compare pretreated sample pH, turbidity, and dissolved solids numbers with post treatment. Any noticeable or quantifiable changes?

21. Optional: Demonstrate the Neo/Sci water treatment activity model. Explain the separate chambers and their uses. If this equipment is not available to classrooms, show overhead of the process set up and explain.

22. Show overhead or access website with an actual wastewater treatment process to show to learners. 

23. Close by holding up a sample of  their treated wastewater and ask “Would you drink this?” Why or why not? Explain that the ultimate goal of wastewater treatment is to ensure that the water be clean enough to be released back into the environment, not clean enough to drink. Drinking water requires an additional and even more strenuous cleansing process before it is safe to drink.

	National Research Council Science Education Standards




Professional Development

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

· Address the issues, events, problems, or topics significant in science and of interest to participants.

· Build on teachers current science understanding, abilities, and attitudes

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.

· 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.

· Encourage and model the skills of scientific inquiry, as well as the curiosity, openness to new ideas and data, and skepticism that characterize science

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

· Use multiple methods and systematically gather data about student understanding and ability.

· 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.

· Structure time available so that students are able to engage in extended investigations.




Inquiry 

	Content Standard A  Science as Inquiry

As a result of their activities in grades 5-8, all students should develop understandings of

· Abilities necessary to do and understandings about scientific inquiry




Content 

	Content Standard F  Science in Personal and Social Perspectives

As a result of their activities in grades 5-8, all students should develop understandings of

Personal health

Populations, resources, environments

Natural hazards

Risks and benefits




Assessment 
	Content Standard F  Science in Personal and Social Perspectives

As a result of their activities in grades 5-8, all students should develop understandings of

Personal health

Populations, resources, environments

Natural hazards

Risks and benefits




	References

US EPA History Office: Provides history of the major environmental regulations established and governed by the EPA.

http://www.epa.gov/history/
The History of Drinking Water Treatment: Includes the history dating back to 4000 BC but concise and easy to read.

http://www.epa.gov/safewater/sdwa25/sdwa.html
Drinking Water Past, Present, and Future: highlights the Safe Drinking Water Act, provides graphs and data describing the success of the EPA regulations.

http://www.epa.gov/ogwdw/
Ohio State University Fact Sheet: Wastewater Treatment Process Diagram

http://www.ag.ohio-state.edu/~ohioline/aex-fact/0768.html
Environmental Science Textbook with Background Information and Statistics:

Miller, G. Tyler.  Living in the Environment. 9th Edition.  Wadsworth: New York, 1996.

	

	Resources

Whitman, David.  “The sickening sewer crisis.”  US News and World Report, June 12, 2000.

American Water Works Association  Great links for water education

http://www.awwa.org/dww/
Water Education Foundation

http://www.water-ed.org/
Wet in the City

http://www.wetcity.org/
wwinternational.com  The Internet Portal for Water and Waste

http://www.wwinternational.com/index.htm
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