Project SHINE Lesson: 

Better than Squeaky Clean
==========================Lesson Header ==========================

Lesson Title: Better than Squeaky Clean

[image: image2.jpg]& BD

Helping all people
live healthy lives



Draft Date: June 14, 2011
1st Author (Writer): Ken Swanson

Associated Business: BD Pharmaceutical & BD Medical
Instructional Component Used: Water Quality

Grade Level(s): 10th -11th grade 

Content (what is taught): 

● Water Purification (distillation, filtration, ion exchange, reverse osmosis)   

● Water Analysis

Context (how it is taught):

· Students view a slide presentation on methods of water purification
· Students will filter water and compare the water quality before and after
· Students will test several water samples for water clarity and contaminants

Activity Description:

In this lesson students will compare and contrast the quality of different types of water.  Test water quality changes before and after using two styles of filters.  They will learn several water purification methods.  Finally, students will test water samples and analyze each for water quality.

Standards: 

Science: SE1
Materials List: 

· 2-two foot section of 4 inch inside diameter PVC pipe

· 2-PVC end caps for 4 inch inside diameter

· Drill with 1/8th inch bit

· Clean sand, clean gravel, activated charcoal, and dirt

· Plastic Pan or Cake Pan

· Water Source

· 500 ml Beaker and Stirring Rod
· Water Safe® Science Kit (with DVD included) or other similar water testing kit

· Digital TDS (Total Dissolved Solutes) Meter

Asking Questions:  (Better Than Squeaky Clean)

Summary: Students will view samples of tap water, bottle water, and distilled water. They will then discuss the differences between them and define what is 100% pure water.
Outline:

· View different samples of water and filters

· Discuss the differences between the types of water

· Define pure water
Activity:  Students will view and discuss the difference between the water samples and the teacher will demonstrate the use of two simple filters.  

	Questions
	Answers

	What are the differences between these water samples or is there any difference? 
	Yes there is a difference.  Distilled water is mostly 100%  H2O.  Bottled water often contains added minerals like calcium to enhance the taste of the water. Tap water depending on the source will contain minerals, but also possible microbes and organic material from traveling through pipes etc.

	Where do we get clean water?
	Varies; answers could include faucet or bottled water

	What are the uses of clean water?
	Varies; drinking, bathing, cleaning

	If your water at home isn't very "good" what can be done to improve it?
	Varies; some families may have whole house filters, some may have water softeners, and some rural residences may use reverse osmosis for drinking water.

	What could you do to make your water very, very pure; so pure it is 100% water?
	Varies but possible boiling the water in the process of distillation, ion exchange, or reverse osmosis.

	Have any of you heard of WFI (water for injection) water? If so, how is it used?
	WFI water is 100% pure water used in business for cleaning and sterilizing purposes.  Businesses must go through a water treatment system to purify tap water into WFI water, so they can use it. 


Exploring Concepts:  (Better Than Squeaky Clean)
Summary: Students will investigate the changes in water after being filtered by two different kinds of filters. Later, students will view a PowerPoint explaining how a water treatment system operates to produce WFI (water for injection) water (100% pure water).

Outline: 

· Students in small groups will build two simple water filters

· Students will test the water by appearance, smell, and clarity before and after being filtered

· Students will view the power point explaining the components to a water treatment system

Activity: Students will assemble two water filter systems, one a simple sand/gravel filter and the other a sand/charcoal filter.  Students will test the water quality by looking at the appearance, smell, and clarity of the water.  They will test for clarity using a digital TDS (Total Dissolved Solids) meter and record the results in parts per million (ppm). Student groups will later have a class discussion about the water quality before and after being filtered. Finally, students will view a power point explaining how water is purified for business use.

Resources:

· Eighteen-inch section of 4 inch inside diameter pipes with end cap (smaller diameter pipes in shorter lengths work well too - even a tin can with nail holes punched in the bottom will work and conserve supplies)
· Drill with 1/8 inch bit

· Plastic Pan
· Sand and Gravel

· Activated Charcoal
· Digital TDS (Total Dissolved Solids) Meter 
Attachments:

· Making a Water Filtration System: S113_SHINE_Better_Than_Squeaky_Clean_E_Lab.doc

· Water Purification Power Point: S113_SHINE_Better_Than_Squeaky_Clean_E_Powerpoint.ppt

	
	Appearance
	Smell
	Clarity (ppm) Using the TDS Meter
	Average Clarity (ppm) for the Class

	Water Before Filters
	
	
	
	

	Water After Sand/Gravel Filter
	
	
	
	

	Water After Sand/Charcoal Filter
	
	
	
	


Instructing Concepts: (Better Than Squeaky Clean)
Hydrological Cycle (Water Cycle): The water cycle concentrates on the continuous exchange of water between the atmosphere, oceans, and landmasses on Earth’s surface.  It goes through the following stages: First the water goes through evaporation. The water is heated changing it from a liquid to a gaseous state (water vapor), so it may enter the atmosphere. Transpiration also aids in adding water vapor to the atmosphere.  It is the evaporation of water from vegetation through tiny pores in their leaves. Next, the water is condensed a process by which water vapor is cooled back into a liquid: such as dew, frost, clouds, and fog.  Finally, the condensed droplets will become large enough to fall out of the sky either as a solid or liquid in the stage known as precipitation. Once fallen, it may either soak in the ground becoming ground water or become surface runoff flowing into nearby streams, lakes, or rivers.
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Water Pollution: Pollutants may enter water at a point source (directly into a body of water) or via a nonpoint source (indirectly through transport or environment change).  Point sources include industrial plant and municipal sewage treatment plant discharges into water sources. Although, it is the nonpoint sources or indirect contamination of water that are most difficult to monitor, but can cause the greatest reduction in water quality over time such as: pesticides, fertilizers, petroleum products, mining waste, and animal waste.

Treatment of Water: To purify or restore water quality, there are several options: 

1) Flocculation/ sedimentation: process of removing inorganic contaminants by decreasing the 

        turbidity or increasing the clarity of the water by combining small floating particles into 

        larger particles (coagulate), so they will settle out of the water as sediment.

2) Filtration:  process of removing inorganic and organic contaminants by passing water through 

        a material that sifts unwanted particles from the water removing them (ex. sediment filter)

3) Disinfection (chlorination/ ozonation): process of removing organic contaminants such as 

        dangerous microbes by adding a chemical to kill them typically chlorine/chlorine based 

         compound or ozone (O3)

4) Ion Exchange (water softener): process of removing inorganic contaminants by exchanging          

          them with safer cationic and anionic ions, charged within plastic resin beads (removes 

          arsenic, chromium, excess fluoride, nitrates, radium, uranium, calcium, magnesium etc.)

5) Absorption: process of removing organic contaminants which affect the color, odor, and taste 

       of the water using activated carbon (slightly-positively charged carbon) to attract and filter 

6) Reverse Osmosis: process of removing both inorganic and organic contaminants (such as 

       bacteria, spores, and viruses) by forcing the water using high pressure through multiple 

       membranes going against the osmotic pressure drawing the water back towards the solutes 

7) Distillation: process of removing both organic and inorganic contaminants by separating 

       substances using their boiling points or reenacting the water cycle or ; water is heated, 

       evaporated into water vapor, then it is transported to a clean container and cooled/condensed 

       into a liquid form. 
Organizing Learning: (Better than Squeaky Clean)

Summary: Students will perform a water test on different samples analyzing them to determine the quality of the water. 

Outline: 

· Set-up collecting devices to test water samples

· Add tablets or use test strips to determine if an agent is present/absent or possible its rank

· Record the data comparing different water samples

· Discuss the quality of each water sample

Activity: Students begin by cleaning their hands with antibacterial soap and then prepare test containers (clean water jugs or test tubes) by rinsing each with distilled water. Water from several sources will be tested by adding tablets/test strips to indicate their presence or absence as well possible their rank. Students will record the results.  At the end, the class data will be compiled and students will discuss the differing water samples quality. (A suitable table for recording data can be found on the DVD that accompanies the Water Safe Test Kit if used.  If a TDS meter is also used, the table from the DVD will have to be modified).
 Resources:
· www.waterfilter.com
· Water Safe® Science Kit (with DVD included) or other similar water testing kit

· http://www.youtube.com/watch?v=hb-FCmRE1KY
· Water Testing Chart

	Tested Variable
	Tap Water
	Farm Well Water
	Pond

Water
	Filtered Water
	Bottled Water
	Water Softened

Water
	Reverse Osmosis Water

	Bacteria
	
	
	
	
	
	
	

	Chlorine
	
	
	
	
	
	
	

	Clarity/turbidity
	
	
	
	
	
	
	

	Hardness
	
	
	
	
	
	
	

	Lead
	
	
	
	
	
	
	

	Nitrates
	
	
	
	
	
	
	

	Nitrites
	
	
	
	
	
	
	

	Pesticides
	
	
	
	
	
	
	

	pH
	
	
	
	
	
	
	


Understanding Learning:  (Better Than Squeaky Clean)
Summary:  Students will design a water treatment facility and produce a poster representing that system.

Outline: 

· Formative Assessment of Water Quality
· Summative Assessment of Water Quality
Activity: Students will complete written and multimedia assessments related to water quality.

Formative Assessment: As students are engaged in the lesson may be asked these of similar questions:

1) Can students identify the kinds of equipment that can be used to clean water?

2) Are students able to use test equipment correctly?

3) Are students correctly recording the data?

Summative Assessment: Students will complete the following essay question:  

You are the water treatment manager for a large pharmaceutical equipment manufacturing company producing high quality glass single use syringes.  The water is to be used to wash the product at high temperature and must be ultra-pure water or WFI (water for injection) as this is the final cleaning before packaging and sterilizing with radiation.   Your plant uses regular city water that contains some ordinary sediment, high calcium content, organic materials, and other impurities that, although at safe levels for drinking water, they are not desired for WFI. Explain how to design a water treatment system that removes the undesired substances listed above in stages from the city water to create WFI (100% water).

Students will complete the following pictorial design project:
Create water treatment system using images of filters and equipment printed from the internet. Next, place the images on a poster board, labeling what each image is, a brief explanation of the device purpose, and then connecting with drawn in pipes. The process array should be placed on the poster board in order from beginning to end.  
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