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Anna Taylor, Emily Cottingham, Jacob Kabealo Sloan Haywood, and Dalton Pickens 2/7/14 RH330



Teacher’s Guide Background: The purpose of this project is to generate interest among your elementary school students in the STEM (science, technology, engineering, mathematics) subjects. Also, to explain the grand challenges of engineering and the importance of STEM in solving these grand challenges. The grand challenges of engineering were created by the National Academy of Engineering to urgently inform the world of the big problems of the 21st century that engineers and others that work in STEM fields would need to work together on to solve. The specific grand challenges and more information on each of them can be found on this website http://www.engineeringchallenges.org/. The grand challenge that this project is focused on is worldwide clean water access. The technology needed to solve this problem has been created but there are still many parts of Africa and Oceania that have not quite gained access to this technology. According to a report from UNICEF and the World Health Organization[7] 780 million people still do not have access to an improved water drinking source. Many of these unimproved water sources actually threaten the lives of the individuals with diseases such as E Coli. We know that students will be excited to learn more about exactly what makes water dirty and what is done to clean as is outlined in our demonstration.



Learning Objectives: 1. 2. 3. 4. 5.



To know the importance and benefits of clean water Be able to describe the Water Cycle Be able to define a renewable resource and how it relates to the Water Cycle Know the steps of water filtration and how water gets to your home Be able to record observations and analyze data



Technical Background: Water Cycle- the continuous flow of water through Earth and its atmosphere



Condensation- when water collects in the atmosphere; water changes from the gas phase to the liquid phase Precipitation- when water falls from the atmosphere to Earth in the form of rain, snow, sleet, or hail. Evaporation- when changes from the liquid phase to the gas phase; water moves from Earth’s surface back to the atmosphere. Reservoir- large body of water Runoff- water that is not absorbed by the ground Sediment- material such as dirt and rocks that water leaves behind Renewable Resource- a resource that can replenish itself naturally. Coagulant- a substance that attracts particles together. This project will compare and contrast the Natural Water Filtration and Water Treatment Plants.



Natural Water Filtration: Natural water filtration will consist of describing the Water Cycle and how it works. The Water Cycle is nature’s form of water filtration. Water moves through three main stages: condensation, precipitation, and evaporation. Clouds are formed when water droplets collect and condense on tiny dust particles in the atmosphere. When too many droplets collect together they begin to separate; precipitation occurs. The water falls to Earth in the form of rain, snow, sleet, or hail and collects in in lakes, oceans, and other large reservoirs. The water flows from one reservoir to the next through rivers, streams, and runoff. However, during this process the water picks up and leaves behind different sediments. The Water Cycle continues when the water evaporates and more sediments are left behind. This is similar to water treatment plants because we run water through different mediums (layers) in order to extract different sediments. Similarly, the Water Cycle runs water through different stages to get rid of sediments. Since water is continuously cycled through the three stages of the water cycle, it is considered a renewable resource. Even though, water is a renewable resource only three percent of all the water on Earth is fresh water that is readily available for human consumption. Most (sixty-seven percent) of that water is locked away in glaciers and polar ice caps, that people do not have access too. Therefore, in order to use the majority of Earth’s water we must filter it. A visual that is helpful for explaining the Water Cycle is Figure 1 and for helping demonstrate graphically the distribution of Earth’s water is Figure 2. Water Treatment Process: The Water Treatment Process completed by water treatment plants is important because “raw” water contains bacteria and large debris that could be harmful to a person’s health. The water treatment process starts by pumping in water from a large reservoir and having it pass through a screen to catch any large debris, such as sticks and fish. The water then proceeds to a



tanks where chemicals are added to remove bacteria and control odors. Next, coagulants are added to the water to clump together any remaining unwanted particles so they will gravitate to the bottom of the tank. The water is then bubbled through a mixing tank to ensure maximum clumping so the sediments can be discarded as waste. Once the waste is discarded, more disinfecting chemicals are added to the water to ensure health codes are met. Finally, the water is pumped to pumping stations and to the consumer’s home. As mentioned earlier water filtration is important because the majority of Earth’s water is harmful to humans. Without clean water we would not be able to perform simple everyday tasks. Some of these tasks consist of: drinking, eating, doing laundry, brushing our teeth, and cooking. Some other reasons we need clean water are for agriculture and manufacturing processes. Without clean water, life as we know it would not exist. Figure 3 shows the water treatment process in a flow diagram. The video link below shows a water droplet collecting in a lake and then going through the water treatment process until it is clean enough to drink. It is approximately 4:30 minutes long. http://www.youtube.com/watch?v=tuYB8nMFxQA



Activity: The activity to help demonstrate these ideas is to build a water filter out of a plastic bottle and a few different filter media. A worksheet will be provided that will help reinforce the learning objectives as well. A full description of the activity can be found in the Instruction Guide. A video showing how to set up this project is also provided. Instructional video is available on the google doc.



Appendix: Figure 1: The Water Cycle



Figure 2: Where is Earth’s Water



Figure 3: The Water Treatment Process



Materials List/Cost Analysis: Basics that are needed to complete this project, assuming 30 students working in pairs: Item



Needed



Water Bottle



15



3.98



Cotton balls



1 bag



3.68



Sand



1 bag



4.77



Gravel



1 bag



4.87



Cups



1 box



3.14



Rubber bands



1 bag



1.00



Mesh



1/2 yard



0.50



Total



Price for whole($)



$21.94



The cost of this project can be cut down by asking parents or other teachers to collect and donate water bottles, cotton balls, rubber bands, or cups. The filter materials can be changed, as long as cotton balls are still included. Sand and gravel have been found to work very well, but other materials can be used as well. Many other possible materials include beads, packing peanuts, sequence, marbles, yarn, etc.



Preparation Instructions: 1.



Gather all of the listed materials. a. Note: For the filter media options, these are just suggestions that worked. Any extra material can be used as filter materials, as long as it won’t dissolve in water. b. Note: Dirty water can be collected from a variety of places, such as a stream, lake, dirty puddle, or dirty snow. It can also be made at home use tap water and other ingredients (i.e. potting soil, food coloring, spices, mulch, dirt from a vacuum cleaner, etc.). Avoid using oil, as the materials being used do not



filter it out. 2.



Cut mesh into 3x3in squares.



3.



Rubber band the mesh to the mouth of the bottle.



4.



Cut bottle in half around the middle. a. Safety: Make sure that there are no sharp edges on the bottle, or partially cut pieces that can cut students.



5.



Flip bottle over so that the large, cut side is up, with the mouth in the bottom of the bottle. a. Note: The top half of the bottle will be used to make the filter, the bottom half will be used to catch the clean water.



6.



Draw a “max fill” line about ¼ inches from the top of the filter. a. Note: This is so students do not put too much material into their filter so that water can still be added.



7.



Ration out filter materials into Dixie Cups, or other small plastic cups.



In-Class Instructions:



1.



Provide all students with a worksheet, and every group with an already prepared bottle to make the filter.



2.



Give all groups 4-5 cotton balls, which will make up their first filter layer. Have them add the cotton balls to the filter now.



3.



Let students pick 2 or 3 other filter media that will be used to make their filter.



4.



Ask students what they think is going to happen, and have them record these ideas in the “Predictions” section of the worksheet.



5.



Let students make their filter, layering the different filter media over the cotton balls a. Note: Remind students not to fill the filter past the “max fill” line



6.



Ask students to draw their filter in the provided diagram.



7.



Give each group a bottle of dirty water, and have them pour it into the top of the filter. a. Note: If sand is being used, it can clump when the water is added. If the water is not filtering, squeeze the bottle some to help the water flow.



8.



While the water filters, ask students to record their observations in the “Observations” section of the worksheet.



9.



If time allows, students can re-filter the water multiple times to see the changes from each time the water is filtered.



10.



Ask students to compare what happened to what they thought would happen, and write those ideas in the “Analysis” section of the worksheet.



11.



Collect back all materials. a. Note: The dirty water can be poured down the sink, and the filter materials can all be disposed of in the trash. Water bottles can be reused multiple times, or can be recycled.



Example Handout:



My Water Filter Predictions: What does each layer of your filter look like? _____________________________________ _____________________________________ _____________________________________ _____________________________________ _____________________________________ Observations: _____________________________________ _____________________________________ _____________________________________ _____________________________________ _____________________________________ Analysis: ______________________________________ ______________________________________ ____________________________________________________________________________ ____________________________________________________________________________ Things to think about: 1. How exactly is each layer filtering the water? (Sand, gravel, and cotton balls)



2. How does the water cycle help to filter water?



3. Why is it important for everyone to have access to clean water?



References: [1] Sanatoga Water Conditioning, Inc. (2014). Health Benefits of Clean Water [Online]. Available: http://www.sanatogawater.com/health [2] Bradley University (2014). Cleaning Water [Online]. Available: http://www.bradley.edu/dotAsset/66795da9-ec3f-4cc8-bff6-9681890a5b1a.pdf [3] Pbs Kids. Water Filter [Online]. Available: http://pbskids.org/zoom/activities/sci/waterfilter.html [4] Canadians Opposed to Fluoridation (2014). Surface Water Treatment Plant - Flow Diagram [Online]. Available: http://cof-cof.ca/surface-water-treatment-plant-flow-diagram/ [5] New Jersey American Water (2011, April 5). Water and You: The Water Treatment Process [Online]. Available: http://www.youtube.com/watch?v=tuYB8nMFxQA [6] University of Colorado at Boulder (2005). The Dirty Water Project [Online]. Available: http://teachers.egfi-k12.org/dirty-water-project/ [7] United Nations Children’s Fund (2012). Progress on Drinking Water and Sanitation [Online]. Available: http://www.unicef.org/media/files/JMPreport2012.pdf [8] United States Geological Survey (2013, November 5). The Water Cycle [Online]. Available: http://ga.water.usgs.gov/edu/watercycle.html [9] The Thrifty Dutchman (2013, March 25). Water - Part 3 Purifying [Online]. Available: http://thriftydutchman.us/water-part-3/
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