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Water Filtration Systems
Objectives

Participants will:

· Understand the importance and function of life support systems used by NASA.

· Understand and build the most effective water filtration device. 
· Understand the design process.

· Collect and analyze data.

· Build water filtration system
Subject Areas
Science
Timeline
2-3 class periods
Standards

Science

NS.5-8.1 Science as Inquiry

· Abilities necessary to do scientific inquiry

· Understanding about scientific inquiry

NS.5-8.2 Physical Science

· Properties of and changes in matter

NS.5-8.5 Science and Technology

· Abilities of technological design

· Understandings about science and technology

NS.5-8.6 Science in Personal and Social Perspectives

· Personal health

· Natural hazards

· Risks and benefits

· Science and technology in society

NS.5-8.7 History and Nature of Science

· Science as a human endeavor
Math
NM.NUM.6-8.1Number and Operations

· Work flexibly with fractions, decimals, and percents to solve problems
· Develop meaning for percents greater than 100 and less than 1
NM.MEA.6-8 Measurement

· Understand both metric and customary systems of measurement
· Understand relationships among units and convert from one unit to another within the same system
NM.DAT.6-8.1 Data and Analysis and Probability

· Formulate questions, design studies, and collect data about a characteristic shared by two populations or different characteristics within one population
· Select, create, and use appropriate graphical representations of data, including histograms, box plots, and scatter plots

Technology

NT.K-12.1 Creativity and Innovation

· Students demonstrate creative thinking, construct knowledge, and develop innovative products and processes using technology
· Apply existing knowledge to generate new ideas, products, or processes
· Create original works as a means of personal or group expression
NT.K-12.6 Technology Operations and Concepts

· Students demonstrate a sound understanding of technology concepts, systems, and operations
· Transfer current knowledge to learning of new technologies

Background
Information from NASA Engineering Design Challenges: Environmental Control and Life Support Systems Water Filtration Challenge.
The Earth provides us with a natural support system, the air we need to breathe, the water to drink, and temperatures we can survive in. When exploring space we leave this natural support system and need to create an artificial support system. The Environmental Control and Life Support System (ECLSS) helps provide this system on the International Space Station. The purpose of the ECLSS includes:

· Provides oxygen for metabolic consumption.

· Provides potable water for consumption, food preparation, and hygiene uses.

· Removes carbon dioxide from the cabin air. 

· Filters particulates and microorganisms from cabin air.
· Removes volatile organic trace gases from the cabin air.
· Monitors and controls cabin air partial pressures of nitrogen, oxygen, carbon dioxide, methane, hydrogen, and water vapor. 

· Maintains total cabin pressure.

· Maintains cabin temperature and humidity levels. 

· Distributes air between connected modules. 

The Water Recovery System (WRS)

The Water Recovery System is an important part of the ECLSS. It provides clean water by reclaiming wastewater from crew member urine, hand wash, cabin humidity, condensates, and extravehicular activity wastes. The water must meet the highest standards as it will be used to support the crew about the ISS. The system reduces the amount of water that would need to be launched from Earth to support six crew members. 

· The WRS consists of two main parts, the Urine Processor Assembly (UPA) and the Water Processor Assembly (WPA). Water is recovered from urine using a low-pressure vacuum distillation process. The distillation assembly rotates, compensating for the microgravity environment in which it functions. This false gravity functions to separate gases and solids. Water obtained from the Urine Processor Assembly is combined with other waste water in the Water Processor Assembly. The WPA removes gas and solid materials like lint and hair from the water before it goes through a long series of filtration beds for further purification. Any remaining organic contaminants are removed by a high-temperature catalytic reactor assembly. The purity of the water is checked by electrical conductivity sensors as the conductivity of water is increased by the presence of typical contaminants. If water passes the test it is sent to a storage tank for future crew use, unsatisfactory water is sent through the purification process, again. 

For this activity, students will choose from supplies to filter urine into drinking water. They will need to test the pH and you can also test conductivity. The role of some of the supplies is listed below. 

· Activated carbon – used to removes organic contaminants responsible for taste, odor, color, and clarity problems; remove chlorine and particulates

· Sand – natural filter materials; acts as a strainer and traps particulates; aka mechanical or physical filtration

· Cotton balls, coffee filters, cheese cloth, Macaroni and Rice – traps particulates; absorb water. Since there is NaCl in the water, the sodium and chlorine ions are also absorbed. Sodium makes the water conductive, so collecting ions will lower conductivity.  

Teacher Preparation: You will need to make the simulated wastewater before the lesson. It takes about 15 minutes to make and should be done just before the lab. Each team will need 200ml of waste water. The directions below yield 2 liters.

1. Place 50g of sand, 1 tbsp salt, hair, and some dust (window sill, etc.) into the container.

2. Add 400ml of vinegar to container.
3. Add enough water to fill the rest of the 2 L container.
4. Add 1-2 drops of yellow food coloring.
5. Stir to mix.
Litmus paper will be used as an indicator to determine whether a substance is acidic or basic. The pH scale lets you determine how acidic or how basic a substance is. The pH scale range is 1 to 14 where 7 in neutral, greater than 7 is basic, and less than 7 is acidic. 

The water recovered and purified by the WRS on the ISS has a pH of 4.5 to 7. This lower pH is a result of the addition of iodine to the filtered water. 

Students will be measuring the pH of the unfiltered wastewater and the filtered wastewater. This is done by taking a pH strip and partially submerging it in each of the water samples; non-filtered and filtered. The students will use the color guide provided with the strips to determine the pH of their samples. 
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**This chart shows approximate pH values.**
Design Challenge: This activity is designed to be inquiry based. Students will need to go through the design process, make discoveries, mistakes, and experiment. Go over the design process with your students (design-build-test-collect data-analyze results-start at beginning). 

Make sure your students discuss the design before, during and after the experiment. Steer them towards changing only one variable at a time and taking a scientific approach to solving their problems. Have students compare designs with other groups throughout the process. Discuss what is learned from failed designs. 

Vocabulary

Acid-any class of substances whose aqueous solutions are characterized by a sour taste, the ability to turn blue litmus red, and the ability to react with bases and certain metals to form salts; a substance that yields hydrogen ions when dissolved in water. 

Base-any class of substances whose aqueous solutions are characterized by a bitter taste, a slippery feel, the ability to turn red litmus paper blue, and the ability to react with acids to form salts; a substance that yields hydroxide ions when dissolved in water. 

Biosphere - the regions of the surface and atmosphere of the Earth (or other planet) where living organisms exist.

Conductivity - the ability or power to conduct or transmit heat, electricity, or sound.

Distillation - the evaporation and subsequent collection of a liquid by condensation as a means of purification. 

Evaporation – the change by which any substance is converted from a liquid state into and carried off in vapor.
Organic – relating to, or derived from a living organism. 

Particulate – a minute separate particle, as of a granular substance or powder. 

pH scale – provides a measure on a scale from 0 to 14 of the acidity or basicity of a solution; 7 is neutral, greater than 7 is acidic, and less than 7 is basic. 

Potable – drinkable

Precipitation – any form of water, such as rain, snow, sleet, or hail, that falls to the Earth’s surface.

Materials
For each team: 

· Cheesecloth (10cm X 10cm)

· Utility Knives and scissors

· Cotton Balls (10-15)

· Coffee Filters (2)

· Activated Carbon (charcoal) (200g)

· Sand (200g)

· Uncooked Macaroni (100g)

· Rice (100g)

Simulated Waste Water Material:
· Distilled Vinegar (400ml)

· Food Coloring

· Sand 

· Silt 

· Hair

· Tap Water

· 2 Liter Beaker

*Each group needs 200ml of waste water

Lesson
Lesson 1: (1 class period) 
1. Start the lesson by introducing life support systems (Earth and spacecraft). 
2. Discuss what they know about life support systems and provide them with information. 
3. Discuss the ECLSS on the ISS. 
4. Go through the purification process. 

Lesson 2: (2 class periods) 
1. Introduce the challenge. The students must design a water filtration system to make the purest water possible, they will test the purity of the water by observing color, conductivity, and pH. They will have a budget of 50 million dollars.
2.  Introduce the materials that students will have at their disposal and the cost of each of the items. 

	Budget $50 million

	Two plastic bottles (.65 L)
	Free

	Cotton Balls
	1 million ea.

	Coffee Filters
	5 million ea.

	Activated Carbon (200 g)
	15 million

	Macaroni (100 g)
	10 million

	Sand (200 g)
	10 million

	Cheese Cloth
	5 million ea.

	Rice (100 g)
	10 illion


3. Designate teams and provide each team with an evaluation/data sheet. They will need to sketch a design on their device and explain why they have chosen this design before they collect their materials. They should explain the role of each of the materials in their device They must also be within the budget. 

4. Teams will then begin to build their filtration device. They need to measure the volume and pH of the unfiltered water and record it on their data sheet. After the device is constructed they can pour the unfiltered water through the device. After the water has traveled through they will need to measure the filtered water for volume and pH. 

5. After testing, students will need to evaluate their device, this is a good time to bring the class together and compare results. Students can then plan for a redesign. In the next class period students will go through the same process again with their new design. Students can present results in another class period.

Extensions
Have students develop a more elaborate water filtration system using such things as PVC pipe, etc.

Evaluation/Assessment

Evaluate student understanding from the student worksheet.

Resources
Lesson taken from NASA Engineering Design Challenges: Environmental Control and Life Support Systems Water Filtration Challenge. Lesson packet can be downloaded for free at http://www.nasa.gov/audience/foreducators/topnav/materials/listbytype/Water_Filtration_Challenge.html
Water Cycle from Goddard Space Flight Center – good resource. A few activities and some great graphics and animations. Check under documents link.

http://watercycle.gsfc.nasa.gov 

Science at NASA Article: “Water on the Space Station”.
http://science.nasa.gov/headlines/y2000/ast02nov_1.htm 

Clean Water for Remote Locations – This NASA Spinoff site discusses the ‘down to Earth’ adaptations of NASA research on water reclamation.

http://www.sti.nasa.gov/tto/Spinoff2006/ps_2.html 

NASA Fact Sheet: Environmental Control and Life Support System – All the basics on water reclamation and other environmental systems.

http://www.msfc.nasa.gov/NEWSROOM/background/facts/eclss.pdf 

or

www.nasa.gov/centers/marshall/pdf/104840main_eclss.pdf 

The Science of Space Recycling – Background information about water recyling onboard ISS. Links to video featuring Expedition Commander Bill McArthur.

http://www.nasa.gov/audience/foreducators/informal/features/F_Recycling_on_the_ISS.html 

Lesson Plan to go with Bill McArthur video listed above:

http://www.nasa.gov/pdf/146558main_RecyclingEDA(final)%204_10_06.pdf 

NASA Engineering Design Challenge – Several lessons, including one on water reclamation that allows students to model NASA engineers and work on ‘real-world’ issues.

http://edc.nasa.gov 

NASA SciFiles: Case of the Wacky Water Cycle (Season 2003-2004) – This NASA Distance Learning product is a great way to investigate the water system on Earth and in space.

http://scifiles.larc.nasa.gov/episodes.html 

NASA KSNN: Water in Space – This youthful look at water recycling in space from the NASA Kid’s Science News Network is a great place for the elementary teacher.

http://ksnn.larc.nasa.gov/webtext.cfm?unit=water 

NASA Brain Bite Video: “How do you use the bathroom in space?”

This short and entertaining video answers (tactfully) one of the most asked questions about space travel.

http://www.nasa.gov/audience/forstudents/brainbites/nonflash/bb_home_bathroom.html 

Wastewater Filtration Design/Evaluation Sheet
Team Members: _______________________________________________________________________________
Date_____________  Design #________________

Design:

Sketch your filtration device design. Label each section and describe what each material will do. Explain the reason for the order of the materials in the device. Label about how much of each material was used. 








       
Results 

	Wastewater
	Filtered Water

	Volume 
	Volume

	pH
	pH


Describe your results. How will you redesign? 

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Sketch





Explanation








