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WATER FILTRATION

BECAUSE DIRTY WATER IS NOT COOL.



[image: image11.emf][image: image12.emf]




	
	Page
	Contents



	
	2
	Lesson Overview

	
	2
	Background Information

	
	2
	Learning Objectives & Assessment

	
	3
	Alignment to NRC Framework

	
	4
	Key terms / vocabulary

	
	4 - 5
	Materials

	
	6
	Lesson plan

	
	11
	Additional Information & Links

	
	12
	Appendix



Disciplinary Core Ideas

Lesson Overview:

The purpose of this lesson is to introduce middle school students to the engineering design process. Students will actively participate in the design process, as they are introduced to the concept of water filtration in the context of environmental and agricultural engineering. The lesson will begin with an introduction to environmental and agricultural engineering, why water filtration is important, and the engineering design cycle. Student will investigate three different filter materials and their effectiveness through an initial class demonstration. From the demonstration and through class discussion, students will learn that material porosity and particle size affect how well each material acts as a filter (i.e. smaller pore size results in better filtration, and clearer water). Students will learn about engineering trade-offs by plotting and interpreting data comparing material effectiveness versus cost. Finally, given a budget and volume constraint, students will design, build, and test their own water filter prototype, comparing the performance and overall cost of their design with their peers. 
Background Information:
Water and wastewater treatment are important technologies for society and the environment. The design of municipal drinking water and wastewater treatment plants is typically done by Environmental Engineers, while the design of various water management technologies and wastewater treatment processes in agricultural settings is done by Agricultural Engineers. In general, proper and effective drinking water and wastewater treatment are important in order to protect the health of humans and animals and to mitigate environmental pollution. Filtration is a component of waste treatment that the students will explore in this lesson through an engineering design activity. In the activity, students will see how different filter materials affect the effectiveness of a water filter, and will learn about engineering trade-offs by comparing material costs and effectiveness.
Learning Objectives & Assessment:

After completing this lesson, students will be able to:
Main Objectives:
1. Collect, plot and interpret data to determine best filtrate combination
2. Understand engineering trade-offs by plotting material effectiveness versus cost and identifying the best choice
3. Build a prototype water filter, testing it, and compare its effectiveness with their peer’s
Minor Objectives:
4. Explain how porosity relates to water filtration
5. State examples of things that agricultural engineers design
6. List some reasons why water filtration is important
7. Describe the steps of the engineering design cycle in order
Alignment to Next Generation Science Standards:
ETS1-2: Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.
ETS1-3: Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that can be combined into a new solution to better meet the criteria for success.
Scientific and Engineering Practices:

· Developing and using models – Students will build prototype water filters to investigate how different materials effect water filtration

· Analyzing and interpreting data – Students will plot filter performance versus cost on graphs and analyze the data to determine the best filter design
· Constructing explanations and designing solutions – Students will explain why each of the investigated filter materials performed better or worse that the others, design their own filter based on their observations/explanations, and then be able to explain the reasoning behind their design

· Obtaining, evaluating, and communicating information – Students will test their filters and describe their design reasoning and filter performance to the rest of the class

Crosscutting Concepts:

· Cause and effect: Mechanism and explanation – Students will explore cause and effect by observing and explaining why different materials provided better filtration than others
· Structure and function – Students will learn how material structure, specifically porosity and particle size, effect its ability to filter dirty water
· Scale, proportion, and quantity – This concept is not emphasize in the provided lesson plan, but could be incorporated into the lesson through comparison of different sized filters of the same material
Disciplinary Core Ideas:

The main focus of this lesson revolved around the Core Ideas ETS1: Engineering Design:

· ETS1.A: Defining and delimiting and engineering problem – Students will  learn about engineering constraints and trade-offs and how they related to design decisions
· ETS1.B: Developing possible solutions – Students will develop a design for a water filter based on knowledge they will gain about performance of the individual materials and given design constraints
· ETS1.C: Optimizing the design solution – After testing and evaluating the performance of their designs, students will consider how they could improve their design given the opportunity to re-design their water filter
· ETS2.B: Influence of engineering, technology, & science on society and the natural world – Students will be introduced to eth idea that engineers work to solve real world problems relating to water and energy, resources that greatly impact society. 
The following Core Idea in Earth and Space Sciences is also touched on in this lesson:
· ESS3.A: Natural Resources – By introducing student to some of the things that agricultural and biological engineers design, they will be made aware of concepts relating to renewable energy and water quality, and water resource management.
Key Terms/Vocabulary:

Two types of engineers who worked on water related problems:

a) Environmental Engineers: Use science and engineering principles to improve the natural environment (air, water, and/or land resources), to provide healthy water, air, and land for human habitation (house or home) and for other organisms, and to remediate pollution sites. Their work can involve water/wastewater management, air pollution control, recycling, waste disposal, radiation protection, industrial hygiene, environmental sustainability, and public health issues, as well as studies on the environmental impact of proposed construction projects. (source: Wikipedia)
b) Agricultural Engineers: Combined science and engineering principles with a knowledge of agricultural practices to design agricultural machinery, equipment, and structures, manages, agricultural resource management (including land use and water use), waste management, including animal waste, agricultural residues, and fertilizer runoff, and food/bioproduct production systems including biofuels. (adapted from Wikipedia)
Porosity: The amount of spaces, or pores, within a material
Materials:
Notes: 
· This lesson works well with a group of 20 students or less, but can be done with more. 
· If resources are not limiting, it is recommended that each student build their own filter and compare their designs in groups of 3-5 students during Part 3 of the lesson. 
· If resources are limiting, one filter per every 3-4 students could be made and compared with 2-3 other groups.

	Paper Resources
	Technology & Multimedia Resources

	· Worksheet for Part 1  (1 per student)
· Worksheet for Part 2  (1 per student)
· Worksheet for Part 3 (1 per group, 3 – 5 students per group) 


	Part 1: Prezi Presentation

Part 2: PowerPoint

Part 3: PowerPoint


Physical Resources: 

Note: Suggested amounts are assuming each student will construct their own filter.
	Item
	Amount

	a) Empty 2 liter soda bottles 
	3 (for demonstration in Part 1 of the lesson)

	b) Empty 24 oz plastic water bottles 
	1 per student

	c) Panty Hose 
	1 pair

	d) Scissors 

	1 pair per student or group

	e) 3 oz Dixie Cups 
	5 per student (for passing out sand and rocks)

	f) Sand* 
	3-4 pounds (rinse and dry before using)

	g) Rocks* 
	3-4 pounds

	h) Paper towels 

	1-2 rolls of the half sheet size

	i) Rubber Bands
	1-2 per student, plus 1-2 for each demonstration filter

	j) Plastic spoons 

	1 per student or group

	Mud/Dirt 

	Approximately 4 cups

	Water 
	3-4 liters

	Newspaper 

	Enough to cover students’ desks to keep clean


*the sand and rocks can be purchased in the lawn and garden section of a hardware store.
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Setup of Materials and Equipment:
1. Preparation of Dirty Water to be filtered: (Will be used in Parts 1 & 3 of the lesson)  
Collect dirt from outside. You can use dirt from your backyard or a local park. Try to find dark, rich, muddy dirt for optimum “dirty water”. Mix the dirt with water in a large container (i.e. a pitcher, or large empty plastic juice or soda bottle). This water will be used for demonstration in Part 1 of the lesson and for testing of the students’ individual filters in Part 3 of the lesson. Therefore, 3 - 4 liters of dirty water will be required. 
            
[image: image2]
Figure 1: Preparation of “dirty water”
2. Set-up of Water Filters for Student Design Activity: (Part 2 of Lesson)   

An illustrated version of the water filter set-up instructions is provided in the appendix.

Note: This can be done in advanced by the teacher, or if time allows, students can do the set-up themselves in class.

1) Cut water bottles in half in a similar manner to Figure 2 below. Prepare enough water bottles for each student in the entire class (approximately 25 water bottles). The same type of bottle must be used for consistent comparison of effectiveness among the various water filter designs.

2) Cut small 1/2” x 1/2” squares of panty hose and secure one square around the neck of each water bottle using 1-2 rubber bands. This will prevent the sand and rock material from falling out of the opening.    
3) The sand should be rinsed and dried prior to use in the design activity.
4) The sand and rocks should be portioned ahead of time into equal amounts using the 3 oz Dixie cups. Half a cup of each should be sufficient. Approximately 3 cups of each material should be prepared per student. 
5) During Part 2 of the lesson, the portions of sand and rocks, as well as the paper towels, can either be passed out to the students by the teacher, or students can pick them up from a supply station, according to the amount that they request for their design. (These amounts will be determined using the Worksheet for Part 2). For example, if a student requests two “units” of sand, two “units” of rocks, and one “unit” of paper towel, they should receive two Dixie cups of sand, two Dixie cups of rocks, and one half sheet of paper towel. Each water bottle filter should be able to hold 5 “units” total.
Note: Depending on each students preference they can create many different combinations of filtrate layers but the volume restriction will ensure short testing time (less than 5 min).
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3. Set-up of Water Filters For Demonstration: (Part 1 of Lesson)

Cut in half, 3 empty 2 liter soda bottles of the same size and shape. These will serve as the demonstration filters for Part 1 of the lesson. Cover the mouth of the bottle with a small piece of stocking and secure with a rubber band, in the same way as was described in Step 2 above for the individual filters. Fill one of the bottles about half-way with rocks, one with sand, and the last with 2 - 4 full sheets of paper towel (4-8 half sheets). In this way, students will observe the performance of each of the individual materials through the demonstration. 

Note: The paper towel should be placed in the water bottle such that it lines the walls of the bottle and makes a sort of inner shell within the bottle. During testing, the dirty water should be poured into the middle of the filter so that the water does not bypass the paper towel. 

Lesson Plan:
PART 1 – Introduction and Demonstration
Engage (15 min)
· Using the 3 large demonstration filters (2-liter bottles cut in half) as shown in Figure 2 above, present one for each of the filter materials (sand, rocks, and paper towel). Line them up on a table in the class room

· Students will be asked if they have any ideas of what they might be learning about that day (answer: Water Filtration)
· Students will be asked through class discussion why having clean water is important. (Possible answers: to keep us from getting sick, to protect the environment, hundreds of millions of people around the world do not have access to clean water, and it is engineers that are needed to design the process that can provide people with access to clean water)
· Introduction to environmental and agricultural engineering and some of the things that these engineers design will be done via Prezi presentation: 

· Presentation Link (full address can be found in appendix)
· During the introduction to Engineering, students will be asked to write down in the corresponding boxes on their worksheet some problems of the problems that environmental and/or agricultural engineers design solutions for.  
· Introduction to the engineering design cycle as a tool used by all engineers (Prezi presentation)
· The engineering design cycle steps 1 and 2 (Define a problem, research and identify constraints) will be introduced 

· The problem for this lesson will be defined (need to clean dirty water), as well as the design requirements/constraints: 
· 3 materials to choose from

· limited budget

· limited filter size
· Students will write down the defined problem and constraints on the Worksheet for Part 1
· Application of the engineering design cycle to water filtration will be introduced, drawing on examples of water filters that students may already be familiar with (i.e. Brita filters, coffee filters, pool filters)

· Some pictures of example filters will be shown in the Prezi Presentation
Explore and Explain (20 min)
· As a class, using the 3 large demonstration filters that were prepared in advanced; the 3 different filter materials (sand, rocks and paper towel) will be tested by pouring dirty water into them. Students volunteers can be asked to do the pouring. 

· All the students will watch and observe how each of the different materials filters the water. Observation will be written on their Worksheet for Part 1.
· As a class, an effectiveness rating (between 0 and 3, 3 being the most effective) will be given for each material and written on the Worksheet for Part 1. Effectiveness should be judged by how clear the water is after having passed through the filter.
Note: The paper towel should perform the best, followed by the sand, and then the rocks. This is because the paper towel has the smallest pore size, followed by the sand, and then the rocks. This concept should be made clear to the students during the discussion following the presentation. A magnified image of the paper towel is provided in the Prezi Presentation to show the pores within a paper towel.
Assessment (5 min)

· Students will be asked though class discussion to describe what they observed during the demonstration, i.e. which material filtered the best and why do they think that is (Lesson Objective 4)

· Students will also write down what they observed about each material on their Worksheet for Part 1.

· The term porosity and how it relates to the effectiveness of a water filter will be introduced to the students.  (i.e. smaller pores allow for better filtration)
· Students will be asked to list on the Worksheet for Part 1, factors that they learned about which can effect filter effectiveness (i.e. particle size and porosity) (Lesson Objective 3)

· Students will be asked if they can think of any other materials that would be effective filter materials (Creative answers are encouraged such as marbles, cotton balls, wood chips, tissue paper, jelly beans: basically any kind of porous material or small particle)
· Students will be asked to explain why water filtration is important through class discussion (Possible answers: to keep us from getting sick, to protect the environment, hundreds of millions of people around the world do not have access to clean water)

(Lesson Objective 2)
PART 2 of 3 – Design and Build
Engage (5 min)

· A recap of Part 1 of the lesson including which materials were investigated, their effectiveness, and how porosity relates to water filtration will be conducted. (First slide of PowerPoint Presentation)
· The concept of engineering trade-offs will be introduced (Second slide of PowerPoint presentation) 
· The idea that engineers usually have to work within limited budgets, or with the availability of only certain types of materials, or within the demands of their client should be explained here.

· The trade-off in this lesson will be between filter effectiveness and filter cost.
· The constraints of the design project should be re-introduced at this point:

· Limited to three materials: paper towel, sand, rocks

· Limited budget

· Limited filter size/volume
Explain/Explore (15 min)
· Using the Worksheet for Part 2, students will follow along with the teacher to determine the cost of each of the demonstration filters, and plot effectiveness versus cost on their worksheet

· The table and graph provided on the front of the students’ worksheet is also provided on the third slide of the PowerPoint presentation so that the teachers can demonstrate how to calculate the cost of each filter, and how to plot filter effectiveness versus cost on the graph.

· Calculating filter cost is done by multiplying the number of “units” of each material that was used in making each filter, by the cost per “unit of material” which is provided on the worksheet.

· For the purpose of the demonstration, assume that the following number of “units” of material were used to build each of the demonstration filters:

· 2 units of paper towel

· 5 units of sand

· 5 units of rocks

Assessment (5 min)

· After completing the worksheet and examining the graph, students will be asked to hold up their hands to identify which filter is the most effective at the lowest cost. (answer: sand)

· A check for understanding can be done by asking the students to hold up their fingers if they understand how to interpret the graph to identify the most effective filter at the lowest cost. (5 fingers if they understand and could explain it to their neighbor, 3 if they somewhat understand, 1 finger if they do not understand)
· Based on the results of this assessment, further discussion/explanation may be required.
Engage (10 min)

· Using the cost and effectiveness information, as well as the given budget constraint and number of material “units” allowed ($60 and 5 units), students will decide how much of each material they would like to use in the design of their own water filter, and fill out the material list on their Worksheet for Part 2.  

· Students will draw their filter designs on paper, using the water filter outline provided in the worksheet and comment on their design choices.

· The instructor will either pass out, or allow the students to go and get their requested materials.

· Students will build their water filters as individuals (or in groups if time and resources insist).

PART 3 of 3 – Testing and Evaluation
Engage (5 min)

· A recap and discussion of which engineering design steps have been completed up to this point, and which steps are left to do should be conducted. (Left to do: test and evaluate, re-design, and present final solution).

Explore (20 min)

· Students will test their water filters in groups using the dirty water that was prepared ahead of time by the teacher. 

· Students will determine an effectiveness rating (0 to 5, 5 being the most effective) for the performance of each filter in their group and write this on their group Worksheet for Part 3, along with the cost of each filter which was determined in Part 2, and recorded on their individual Worksheets for Part 2 . 

· As a group they will graph effectiveness vs. cost for each filter in the group on their Worksheet for Part 3, and determine best design in the group based on their results.
Note: Groups should be assigned based on the students’ designs, with the goal of having varying filter effectiveness in each group. This should be determined by the teacher ahead of time based on review of their written designs from Part 2 of the lesson. In general, filters that were designed with paper on the bottom, followed by sand above, and rocks on the top should be effective designs. This design results in a gradient from largest pore size, to smallest pore size, which theoretically should provide effective filtration.
Assessment (15 min) 

· Each group will present their best filter design to the class, and explain the design choices that went into making it.

· When presenting, one student from each group should draw the layering of the winning design on the board so that each groups’ designs can be visually compared.
Note: as mentioned above, layering rocks, on top of sand, on top of paper towel will usually result in most effective filter design due to the gradient of larger to smaller pore size. This concept should be emphasized through class discussion and questioning.
· After presenting their designs to the class, students should be given time to fill out the questions on the back of their Worksheet for Part 3 as a group.
· After answering the questions, students should be called on to discuss their answers with the class.
· Further questions and discussion should be done to evaluate the students’ understanding of the engineering design cycle, and engineering trade-offs.
Question could include:

· What is the first step of the design cycle? (answer: Define Problem)

· What were our design constraints? (answer: number of materials, volume of materials, cost/budget)

· What do we do after we identify our constraints, but before we build our prototype? (answer: generate ideas, choose an approach)

· What information did we use to generate design ideas? (answer: information regarding material properties)

· When we tested the example filters we were trying to get information to do what? (answer: generate ideas, choose an approach, build a prototype)

· What step comes after “build a prototype”? (answer: test and evaluate prototype)

· If we had time, what would we do next? (answer: re-design)
Additional Information and Links:
Scholarly article about Water filtration in a developing country: http://soe.rutgers.edu/sites/default/files/gset/Water.pdf
Water Filter How-to: http://www.appropedia.org/A_simple_water_filter_design
A list of low-cost materials used for water filtration: https://www.engineeringforchange.org/news/2012/03/11/ten_low_cost_ways_to_treat_water.html
Appendix:
A) Water Filter Set-up:


1) Cut a 24 oz water bottle in half:
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2) Gather one small square of stocking material and 1 or 2 rubber bands per water bottle.
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3) Attach the piece of stocking to the mouth of the water bottle using the rubber band. Two rubber bands may be used to extra security.
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4) Place the top half of the cut water bottle upside down in the bottom half.
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5) The bottle is now ready to be filled with the desired filter materials as based on students’ designs.

B) Web address for Part 1 Prezi Presentation: 

http://prezi.com/iokubx3d8kcz/water-filter-design-part-1-presentation/?kw=view-iokubx3d8kcz&rc=ref-41177633
Designing a Water Filter Lesson Plan


Developed by Allante Whitmore and Ana Martin-Ryals





Description:


In this lesson students will learn about the engineering design cycle and apply it in order to make a low cost water filter. In the process students will learn about: engineering trade-offs, filter materials, material porosity, and how particle size can affect the performance of a water filter. 





Students will compare water filter cost and effectiveness by plotting performance and cost data on graphs. Students will also work in groups to compare the effectiveness of their designs and present their designs to the class. 





Prerequisites:


Students should be able to do simple addition and multiplication as well as plot data on a graph.





Instruction Time:


115 min (approximately 2 hours)





Audience:


Middle school science classes





Lesson Objective:


Students will be able to apply the engineering design cycle to design an effective water filter prototype.





Next Generation Science Standards Addressed:


ETS1-2, ETS1-3
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Figure 2: From left to right, demonstration water filters using paper towel, sand, and rocks. The inverted bottle neck is the vehicle for gravity filtration in this project. A piece of panty hose is attached to the opening at the end of the neck using a rubber band, to prevent the filter materials from falling out.











