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Sustainable Science


Desalination Design Challenge
Lesson 5: Salty Solutions

Teacher Background and Overview:
In Lesson 4, students discovered that salt is not nearly as easy to remove from water as mud and other insoluble contaminants. Different than most water filtration methods, desalination is the process of removing salt from water. There are three main methods of desalination: crystallizing, filtering, and distilling. In the crystallizing process, salt water is frozen in such a way that salt-free ice is formed, which is then thawed to provide fresh water. The filtering process uses special membrane filters that allow fresh water to pass through while they trap the salt. In the distilling process, salt water is heated until the water evaporates, leaving behind the salt and other minerals. The water vapor is then condensed, providing fresh water. Although new technology has made desalting more efficient, the process is still very expensive and requires a great deal of energy.

In this lesson, students will consider how nature removes salt from water, and then design their own evaporation desalinators. The students will use the engineering design process to craft and test their prototypes throughout Lessons 5 and 6. 

Additional Resources:
Why is Desalination Important? 
https://desalinate4kids.wordpress.com/tag/fun-facts-about-desalination/
How to Separate Salt from Water 
http://www.wikihow.com/Separate-Salt-from-Water
Chemistry Now: Separating Salt Water, An Aqueous Solution http://www.nbclearn.com/portal/site/learn/lesson/b6754f4709b8b310VgnVCM2000006fc3d240RCRD
To Separate a Saltwater Mixture by Evaporation 
https://www.youtube.com/watch?v=ppMdfnt80NE 
To Separate a Saltwater Mixture by Distillation https://www.youtube.com/watch?v=N0f73tbGCRE&t=141s
Myth Buster Water Filtration Video 
https://www.youtube.com/watch?v=kWxE61WbVCY
GCSE Science Revision: Solids Liquids and Gasses (stop at 1:58) https://www.youtube.com/watch?v=HCPXlLOPcso 
Part(icles) of Your World: Crash Course Kids #3.2 https://www.youtube.com/watch?v=npv74D2MO6Q 

Time Required:
30 minutes

Prerequisite:
· Students should have been introduced to particle models (MA STE 5-PS1-1).

Learning Objectives: Students will…
· Use a sketch to show each part of the desalination device as it relates to the other parts of the desalination device.
· Create a particle model to explain the phenomena inside their desalinator. 

Standards:
NGSS
3-5-ETS1-1 Define a simple design problem reflecting a need or a want that includes specified criteria for success and constraints on materials, time, or cost. 
3-5-ETS1-2 Generate and compare multiple possible solutions to a problem based on how well each is likely to meet the criteria and constraints of the problem. 
5-PS-1 Develop a model to describe that matter is made of particles too small to be seen.

Massachusetts Standards
STE
5-PS1-1 Use a particle model of matter to explain common phenomena involving gases, and phase changes between gas and liquid and between liquid and solid. 
5.3-5-ETS3-2(MA) Use sketches or drawings to show how each part of a product or device relates to other parts in the product or device.

ELA & Literacy
RSIT.5.2 Determine two or more main ideas of a text and explain how they are supported by key details; summarize the text.
SL.5.1 Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grade 5 topics and texts, building on others’ ideas and expressing their own clearly. 
SL.5.2 Summarize a written text read aloud or information presented in diverse media and formats, including visually, quantitatively, and orally. 
SL.5.3 Summarize the points a speaker makes and explain how each claim is supported by reasons and evidence. 

Materials: 
· Lesson 5 PowerPoint
· Drawing supplies (optional)

Teacher Preparation:
· Add your own supplies list to the end of the PowerPoint to share with the class.

Keys to Success:
· The article The Biomimicry Manual: How Does Nature Make Saltwater can be read as a class or individually, in place of going over the nature section of the PowerPoint. The article is provided in this lesson plan.
· The particle model video does not have any narration, allowing you to review the particle model and evaporation at the level your class will best understand.
· Option for reviewing or introducing engineering design: Print one copy per student team of the provided MA Engineering Design Infographic and cut out each of the steps. Give teams of two or more each a set of the steps and have them put the steps in order, in whichever shape/format makes the most sense to them. Have the teams discuss what they did as a class. After all teams have shared, show them the provided infographic and talk about how engineering design is best represented in a cyclical manner due to the constant feedback that is essential to the success of the design process.
· A suggested list of supplies is provided in Lesson 6. You are encouraged to adjust the specific supplies to use materials that are readily available within your classroom.
· To help students save space on their sketches, you may wish to have students overlay their design with sticky notes to list how their device relates to the water cycle.
· You may need to encourage students to use evaporation/distillation in their desalinator if they are considering a different method. 
· [bookmark: _GoBack]These desalinator designs may help you provide inspiration and guidance to your students, as well as help you craft your supplies list:
· Bowl in a Bowl 
http://www.wikihow.com/Desalinate-Water
· Plastic Bottle Desalination 
http://www.instructables.com/id/plastic-bottle-desalination/
· Distillation Desalination Teacher Demo http://betterlesson.com/lesson/638336/pollution-lab-stations 

Procedure:
1. Create a class KWL chart on the board for the question “How do organisms remove salt from water?” and fill out the K and W columns together. 
2. Review the Lesson 5 PowerPoint slides featuring how nature removes salt from water.
3. Invite students to share what they learned and complete the L column of your class KWL chart.
4. Review types of desalination technology with the class using the PowerPoint. Use the video to remind students of the process of evaporation and refresh students on the use of particle models. Effect of Temperature on 3 States of Matter (1:04–2:00) https://www.youtube.com/watch?v=jkKn850_O9U 
5. Review the engineering design process with the class using the infographic below or another image students are familiar with.

MA Engineering Design Infographic:

[image: ]

6. Explain to the class that they will be using the engineering design process—alongside what they know about existing desalinator technology and the ways that nature removes salt—to build their own sustainable desalinator. Provide the supplies list and encourage students to be creative in their designs.
7. Assign teams of two students for the design and construction of the prototypes.
8. On one sheet of paper, have teams sketch their desalinator, clearly stating how each part will relate to the other parts and how their device relates to the water cycle. Remind students to think about the sustainability of their design as they brainstorm.
9. On a clean sheet of paper (or the reverse side of their sketch), have teams draw a simple particle model to explain how their desalinator will create fresh water.

Wrap-Up/Assessment:
10. Approve final student designs and provide suggestions as needed. 
11. Collect particle model drawings and prototype sketches for assessment. Sketches will be used in Lesson 6. 



The Biomimicry Manual: How does nature make saltwater drinkable?
Tasmin Woolley-Barker, PhD. March 8, 2017
https://inhabitat.com/the-biomimicry-manual-how-does-nature-make-saltwater-drinkable/ 

It’s frightening to think, but one of every six people in the world today doesn’t have enough safe water to drink. Within 30 years, thirst will spread to three-quarters of the world’s population. But surely this clever ape can figure out how to tap our watery planet’s vast oceans? We can’t drink saltwater, of course, but doesn’t desalination offer tantalizing potential? We already do it in some of the world’s driest spots, but in general, it’s still an expensive proposition, fraught with environmental disaster. But even as we humans struggle to meet the freshwater challenge in a sustainable way, nature is busy doing it. Every day, tide in and tide out, fueled by sunshine and emitting nothing more than sea salt. How do they do it? Find out in todays entry of The Biomimicry Manual.

Humans use lots of technologies to make fresh water from salty. Generally though, it boils down to either evaporating water and condensing it somewhere else, leaving the salt behind, or actively pushing saltwater through a semi-permeable membrane, leaving salt on one side and fresh water on the other.

Either way, you have to draw huge amounts of seawater through an intake screen, with the unfortunate side-effect of killing a lot of fish, invertebrates, birds, and even mammals. Smaller creatures that make it through (like plankton, eggs, larvae, and little fish) will die during processing. Various chemicals have to be added to the water along the way, to prevent clogging, scaling, and corrosion of filters and pipes, and then removed for drinking. The salty leftovers are laced with these chemicals, along with concentrated lead, iodine, and nitrate-heavy agricultural runoff. The whole process generally requires a lot of energy for heating or pumping or transporting, and many places with big water problems (like Mexico City or New Delhi) are far from the coast.

Yes, human desalination is expensive, energy-intensive, and a bit of an environmental nightmare. And yet nature pulls it off every day with none of these side-effects. Marine animals keep their blood only a third as salty as seawater (a serious feat, especially for critters like penguins, whales, sea snakes, and seals, whose ancestors were land-dwellers). How do they do it?
Mammals simply make really salty pee, two and a half times saltier than seawater. Birds and reptiles can’t do that: their kidneys just aren’t built for it. Penguins and gulls take care of it by sneezing out salt, while sea turtles and crocodiles cry salty tears, and sea snakes ooze it out under their tongues. All of them use salt glands, with a sodium-potassium ion pump and a counter-current exchange mechanism to move salt out of their blood. The design has evolved more than once. It must be a great idea.

Plants can’t tolerate salt either, but a select few have figured out how to beat it. In the last tiny pockets of Southern California coastal salt marsh, Pickleweed sequesters salt in its succulent stems. Once a segment is salt-saturated, it turns red and falls off. Bye salt. And in tidal saltmarshes all over the world, silver-leaved Saltbush fills tiny balloon-like bladder cells, each mushrooming off the tip of a special hairy ‘trichome’ cell. When the bladder is full, it pops open to dash salt out like a microscopic salt-shaker. Why re-invent the wheel? Can we harness these low-footprint strategies, with artificial wetlands acting like ‘Living Machines’ to make fresh drinking water?

The undisputed champion of saltwater living is the mangrove. These trees perch on stilts, their roots directly in the salty coastal ebb and flow. Twice a day, the tides wet their feet. It’s not an easy lifestyle, but mangroves have figured it out more than once (‘mangrove-ness’ has evolved at least a couple of times in unrelated plants), with a few different strategies. Many are so good at getting rid of salt you can actually drink their root-water. Good to know, next time you’re competing on ‘Survivor.’

Red mangroves use this neat energy-free trick to make their drinking water: evaporation wicks moisture from their leaves, creating a vacuum that sucks saltwater through their root membranes up through the tree, leaving salt behind. Pretty cool. The Aquaporin company is doing exactly this, mimicking the fatty membrane channels commonly seen in nature. Their bio-inspired filters pass water through, excluding all other particles and ions.
Black mangroves do it differently. Despite their name, their leaves are chalky white with excreted salt crystals. Other mangrove species sequester salt in their oldest leaves, shedding them, lifeless, into the water below. Still others collect salt in their most delicious root-parts, to be trimmed away by hungry crabs. I’m not sure how we can use that, but who doesn’t love feeding crabs?

With a planet of nine billion thirsty people, why not look to nature for answers? It may be that sipping our way through our oceans is not sustainable either, but until we figure out how to lasso an icy comet, we have to find a way. Nature’s salty mentors are out there showing us how, with sunshine and sea salt.
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