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Modeling Water 

Treatment
	Lead Staff Member 
	Time Allotment 

	Hope Klagges and Cheryl Bell
	30 min. prep time 

90 minutes lab activity


Overview

	Given a scenario describing a community’s need for wastewater treatment, the learners will use a variety of materials to create a water treatment plan.  After developing and testing their methods of treatment, learners will compare their systems to a Purification station (Neo/Sci kit).  A follow-up discussion will compare the learners’ plans to those in the model and in diagrams of water treatment facilities. 


Instructional Cluster

	· Sense of Purpose
The scenario provides learners with a reason for developing a wastewater treatment plan
	· Eliciting Ideas

Learners will identify what they think wastewater is and how it is purified.  Also, learners will compare their ideas for wastewater treatment with a model and diagrams of treatment processes
	· Engaging Learners 

Learners will use materials provided to design, construct, and test their model treatment plant

	
	
	

	· Developing and Using  

Scientific Ideas 
	· Reflecting on Ideas   and Experiences 
	(   Assessing Progress 

	Learners will use scientific reasoning to identify a problem in wastewater treatment and design a system that addresses the problem
	Learners will compare and contrast their ideas for wastewater treatment with the ideas actually used in communities
	Learners will analyze how effectively their models represent the waste treatment process and how effectively manufactured models represent the process


	Objectives

· Model the processes involved in waste water purification

· Observe the separation of different types of pollutants as water purification occurs

· Discover how microorganisms aid in the recovery of usable water by removing organic substances
· Graph the results of waste water treatment using microorganisms
	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



	· 
	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

See attached Material Safety Data Sheet


	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)  

     Although sewage treatment plants are utilized in a majority of US communities, there are still serious concerns associated with water quality.  The aging sewer systems, particularly those found in older cities with a growing population, are collapsing and overflowing from increased demand.  In many areas, sewage is combined with storm water during large storm events and both are discharged directly into waterways.  Moreover, sewage treatment plants are not able to effectively hold and treat the increased quantity of wastewater and are malfunctioning.  In order to meet the environmental regulations established by the EPA, communities are developing new methods for treating sewage effectively and efficiently.



	Procedure

1. Present a problem to the learners:  Newtown was a developing community in the late 1800’s.  They soon realized that they were using all the fresh water that was available to them and were creating an abundance of wastewater.  We have a sample of it here for you today.  Your task is to design a water treatment system that will allow you to reintroduce the water into the environment.  

OR:  Create “waste water” using a variety of available materials.  Use the scenario to engage students in the task.

2. Provide 20 minutes for groups of students to design a water treatment system on poster paper.  Show the available materials.  Encourage groups to label and explain the process at each step in their system.  Give each group 1 minute to briefly share their plan with the class.

Listen for groups to address these aspects of the system:

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 protozoans

3. Provide time to construct and test the systems.  

4. Introduce the water treatment model.  Explain that the process was already started and share the sample data-recording page.

5. Introduce the 2-liter bottle system.  Discuss the possibility of using this system in the classroom, what are the strengths and/or limitations, where and how could the water be tested, etc.

6. Show the graph of the results of each test on the OH.  At this point do not discuss the trend unless someone recognizes it.  Encourage the learners to create a prediction as to the total time it takes to reach 0mg/dL.   

7. When the lab period is near an end or when the pollutant concentration has reached its minimum, open the lower valve.

8. Ask learners if they can safely drink this water?  If water looks clear and doesn’t smell, is it always safe to drink?  Why or why not?  (Do not allow tasting!)  Water in the lowest chamber, the Secondary Settler, can be treated to separate purification microorganisms from the treated water.  This water can be safely returned to the environment.  Water that is used for drinking purposes would require additional chemical treatment.

9. Ask learners what they changes they would make to their water treatment system based on this discussion.  Provide reasons for these changes.


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

· Assessments are deliberately designed

· Assessments have explicitly stated purposes

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

· Assessment tasks are authentic


	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/
Environmental Science Textbook with Background Information and Statistics:

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


	Resources

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

Video: “Upgrading Sewage Treatment Facilities in Small Communities” Purdue University, ABE

wwinternational.com  The Internet Portal for Water and Waste

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