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Teacher Background Information:
Although the world’s total water supply is enormous, over 97% of it is salty ocean water.  Salt water cannot be used for drinking, irrigating crops, power plants, or other industries.  That leaves less than 3% fresh water, of which 2/3 is frozen.  

As can be seen from the diagram below, only 3.0% of the Earth’s water is fresh water. Out of this only 30.1 % (ground water) and 0.3 % (surface water) is useable - around 0.9% of Earth’s total water supply.
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Source: http://www.chemtronicsindia.com/water-treatment.htm
Our drinking water comes from both surface water and groundwater.  Water in lakes, rivers and swamps contains impurities that may make it look and smell awful.  Water that looks clean may contain harmful chemicals or bacteria and other organisms that can cause disease.

Water contamination may be natural or man made. The common contaminants, impurities and pollution in water are: odour; taste; colour; turbidity; suspended solids; organic and inorganic pollutants (pesticides, insecticides, herbicides, VOC’s); dissolved gases; dissolved solids; heavy metals; domestic, chemical and industrial waste; bacteria and viruses.  
Waterborne diseases have been and continue to be a major public health concern in many areas.  Waterborne disease outbreaks give cause for continued vigilance in drinking water protection and treatment.  An example is the outbreak that occurred in Milwaukee, WI in 1993 where 400,000 people became sick and over 100 people died.
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Since we began using Shoal Lake as our water supply in 1919, we have not had an outbreak of waterborne disease in Winnipeg.
While waterborne disease may not be a problem in Winnipeg, metal and organic pollution can be.  Below are the allowable concentrations of some metallic and organic species in drinking water. 

Allowable Concentrations of some Metallic and Organic Species in Winnipeg’s Drinking Water:

(Source:  http://www.winnipeg.ca/waterandwaste/default.stm )

Note:  MAC = (maximum allowable concentration)

Metals   

MAC   


Organics 

  MAC
Arsenic


0.01 mg/L

Benzene

0.005 mg/L

Lead


0.01 mg/L

Malathion

0.19 mg/L

Mercury

0.001 mg/L

1,2 dichlorobenzene
0.2 mg/L

Chromium

0.05 mg/L


To remove organic pollutants from drinking water, granular activated carbon is used*.  The carbon removes soluble organics by adsorption of the molecules to the carbon surface (which has a large surface area due to its porous nature).  While this process works quite well for large, non-polar organic pollutants (e.g. pesticides, colored organics, ringed organics, branched organics), it is ineffective for simple organics such as formaldehyde or simple alcohols.
*Activated carbon (charcoal) is material made from coal by driving off hydrocarbons under intense heat without oxygen, leaving a large surface area on which many chemicals can be adsorbed.

To remove metallic pollutants from drinking water, hydroxide precipitation (at an optimum pH level) is often used, depending on the metal or mix of metals.  Since many metal ions are insoluble with the hydroxide ion (all except Group IA, Ca2+, Ba2+, Sr2+) this method works quite well, however it is finicky due to the different pH conditions required for different metals.   
It takes the efforts of federal, provincial and local governments, as well as local water suppliers to keep our drinking water safe.  The Manitoba Drinking Water Safety Act sets the standards for public drinking water supplies.  Health Canada is charged with ensuring that these standards are met.  Technicians working in Winnipeg’s Water and Waste laboratories conduct thousands of tests each year to ensure that our drinking water supply is free of disease-causing bacteria and other pathogens.  These test results are reported to provincial and local governments.

Drinking Water Treatment

Water Treatment is a physical and chemical process for making water suitable for human consumption and other processes.

Drinking water treatment plants clean and maintain the quality of our water supplies through the following processes:

· Aeration;
· Coagulation/flocculation;
· Sedimentation;
· Filtration; and
· Disinfection

In this activity, students will treat “wastewater”, using a mixture containing dirt in water and take it through the first four steps of the treatment process.  The final step, disinfection, requires harsh chemicals and is too dangerous to perform in the lab.


“I never cease to wonder at the tenacity of water – its ability to make its way through various strata of rock, zigzagging, backtracking, finding space, cunningly discovering faults and fissures in the mountains and sometimes travelling underground for great distances before emerging into the open.  Of course, there’s no stopping water.  For no matter how tiny that little trickle, it has to go somewhere.”

-Ruskin Bond

Introduction:

Water in lakes, rivers, and swamps often contain impurities that make it look and smell awful. The water may also contain bacteria and other microbiological organisms that can cause disease. Consequently, water from most surface sources must be "cleaned" before it can be consumed by people. Water treatment plants typically clean water by taking it through the following processes: 

· Aeration; 

· Coagulation/Flocculation;
· Sedimentation; 

· Filtration, and 

· Disinfection.  (This step requires the use of harmful chemicals and will be excluded from the activity)

The definitions of each process are as follows:
Aeration:  The addition of oxygen to wastewater or water.  Oxygen helps speed up bacterial growth.  The bacteria digest a lot of the waste products.  Aeration is the first step of drinking water treatment.
Coagulation/Flocculation: The process by which dirt and other small suspended solid particles are chemically bound, forming flocs using a coagulant (flocculant) so they can be removed from the water.  This is the second step in drinking water treatment.

Sedimentation:  The third step in the drinking water treatment process of letting heavy particles in water settle out into holding ponds or basins before filtration.

Filtration:  The process of passing a liquid or gas through a porous article or mass (e.g. paper, membrane, sand) to separate matter out into suspension.  This is the fourth step in drinking water treatment. 

Disinfection:  The use of chemicals to kill potentially harmful microorganisms in the water.  Typically this is accomplished using chlorination, ozone or ultraviolet radiation. This is the fifth step in drinking water treatment.

In this activity you will be treating “contaminated” water to observe firsthand the steps involved in purifying the water for human consumption.  The activity will involve the use of everyday items to carry out the steps in drinking water treatment and you will record changes in the properties of the contaminated water as the process progresses.
Water Treatment Plant:

Discuss the water treatment plant as a class and observe the diagrams of the water treatment plant (included) so that you have a visual idea of how wastewater is treated (note that the aeration step is not shown in either diagram). 
Demonstration:  Water Filtration 
Observe the following online demonstration prior to the activity.  It is a step-by-step animated instruction on how to complete this activity (complete with narration and visual support).
http://www.epa.gov/OGWDW/kids/flash/flash_filtration.html
The following student activity has been adapted from:  

http://www.epa.gov/OGWDW/kids/grades_4-8_water_filtration.html
Objectives:
To demonstrate the procedures that municipal water plants may use to purify water for drinking.

Materials: (per group)
· 5 Litres of "swamp water" (or add 2 1/2 cups of dirt or mud to 5 litres of water) 

· 1 Two litre plastic soft drink bottle with its cap
· Funnel

· 1 large beaker for the aeration process
· 2 Two litre plastic soft drink bottles, one with its bottom cut off and one with the top cut off 

· 1 tablespoon (for the alum) 

· 2 tablespoons of alum (potassium aluminum sulfate available in the spice aisle at grocery stores) 

· 1 large spoon (for stirring) 

· 1 large beaker to hold the inverted two litre bottle. 

· 1 coffee filter 

· 1 rubber band 

· 1 cup small pebbles (washed, natural color aquarium rocks work best) 

· 1 1/2 cups coarse sand (multi-purpose sand) 

· 1 1/2 cups fine sand (white play sand or beach sand) 

Procedure

1. Using a funnel, pour your "swamp water" into the two litre bottle with the cap.  Describe the appearance and odour of the water.  
	Appearance 

	

	Odour

	


2. Place the cap on the bottle and vigorously shake the bottle for 30 seconds. Continue the process by pouring the water into the large beaker, then pouring the water back and forth between them about 10 times. What part of the treatment process does this represent?  Describe this process.
3. Pour your aerated water into the two litre bottle with its top cut off.  Describe the appearance and odour of the aerated water.
	Appearance 


	

	Odour


	


4. Coagulation is the process by which dirt and other suspended solid particles chemically "stick together" into floc (clumps of alum and sediment) so they can easily be removed from water. Add two tablespoons of alum to the aerated water. Slowly stir the mixture for 5 minutes. You will see particles in the water clinging together to make larger clumps. This makes it harder for them to get through a filter at the treatment plant.  Describe the appearance and odour of the water.

	Appearance 


	

	Odour


	


5. Allow the water to stand undisturbed in the bottle. Observe the water at 5 minute intervals for a total of 20 minutes.  What process is occurring now?  At a treatment plant, there are settling beds that collect floc that floats to the bottom, allowing the clear water to be drained from the top of the bed and continue through the process.  
	Time (min.)
	Appearance



	5


	

	10


	

	15


	

	20


	


6. Construct a filter from the bottle with its bottom cut off as follows (also see diagram included):
 
a)  Attach the coffee filter to the outside neck of the bottle with a rubber band. Turn the bottle upside down placing it in a large beaker. Pour a layer of pebbles into the bottle - the filter will prevent the pebbles from falling out of the neck of the bottle. 

b)  Pour the coarse sand on top of the pebbles.

c)  Pour the fine sand on top of the coarse sand.

d)  Clean the filter by slowly and carefully pouring through 3 L (or more) of clean tap water. Try not to disturb the top layer of sand as you pour the water.  

7. Once the flushing of the filtering apparatus is complete, thoroughly rinse the collection beaker with tap water and return it to its place beneath the bottle.

8. Filtration through a sand and pebble filter removes most of the impurities remaining in water after coagulation and sedimentation have taken place. After a large amount of sediment has settled on the bottom of the bottle of swamp water, carefully - without disturbing the sediment - pour the top two-thirds of the swamp water through the filter. Collect the filtered water in the large beaker. Pour the remaining (one-third bottle) of swamp water back into the collection container.   
9. Compare the treated and untreated water. Ask students whether treatment has changed the appearance and smell of the water. Record the differences.  
Treated Water:
	Appearance 


	

	Odour


	


Untreated Water:

	Appearance 


	

	Odour


	


10. If microscopes are available, examine both the treated and untreated water and record your observations.
Again, the disinfection process requires the use of harsh chemicals and thus will not be done in this activity.  

Questions for Thought:

1. What would be the danger of releasing used water that has not been properly treated back into the environment?

2. Which type of used water do you think is more dangerous:  water that has been used in factories and industry, or household water?

3. If you were a large scale farmer, how could you turn wastewater from your farm into either a profit or something that is beneficial?

Extension Activities:
1. Consider taking students on a tour of one of the local water treatment facilities. Ideally, this tour should take place following the student activity.  By being aware of the water treatment process, students should be able to ask informed questions on the tour.  If this is not possible, ask a representative from the local Water and Waste Department to visit the class.
2. Research and report on the allowable concentrations of metallic and organic species in water suitable for consumption.
A series of online resources are listed below, followed by diagrams of the filtration process and two views of a typical water treatment plant:
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Typical Drinking Water Treatment Plant:

Source: http://www.epa.gov/ogwdw/sdwa/30th/factsheets/treatment.html
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Typical Drinking Water Treatment Plant:
Source: http://www.geocities.com/CapeCanaveral/3000/
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Online Resources:


Follow a drop of water from the source through the treatment process:


� HYPERLINK "http://www.epa.gov/OGWDW/kids/watertreatmentplant/" �http://www.epa.gov/OGWDW/kids/watertreatmentplant/�


The Protecting America's Public Health poster provides a detailed graphic description of the risks and the barriers in place to help ensure the safety of our drinking water. 


� HYPERLINK "http://www.epa.gov/safewater/publicoutreach/images/landscape_1200x776.jpg" �http://www.epa.gov/safewater/publicoutreach/images/landscape_1200x776.jpg�


Drinking Water and Health: What you need to know


� HYPERLINK "http://www.epa.gov/safewater/dwh/index.html" �http://www.epa.gov/safewater/dwh/index.html�


Guidelines for Canadian Drinking Water Quality (Health Canada): Acceptable levels of metals and organics


� HYPERLINK "http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/sum_guide-res_recom/chemical-chimiques-eng.php" �http://www.hc-sc.gc.ca/ewh-semt/pubs/water-eau/sum_guide-res_recom/chemical-chimiques-eng.php�


Canadian Drinking Water Guidelines


� HYPERLINK "http://www.hc-sc.gc.ca/ewh-semt/water-eau/drink-potab/guide/index-eng.php" �http://www.hc-sc.gc.ca/ewh-semt/water-eau/drink-potab/guide/index-eng.php�


Manitoba Water Stewardship Branch:


� HYPERLINK "http://www.gov.mb.ca/waterstewardship/" �http://www.gov.mb.ca/waterstewardship/�


Manitoba Drinking Water Safety Act:


� HYPERLINK "http://www.gov.mb.ca/waterstewardship/odw/reg-info/acts-regs/index.html" �http://www.gov.mb.ca/waterstewardship/odw/reg-info/acts-regs/index.html�


Winnipeg’s Drinking Water Quality:  (Winnipeg ranks in the top 10 in the world for water quality!)


� HYPERLINK "http://www.winnipeg.ca/WaterandWaste/water/quality.stm" �http://www.winnipeg.ca/WaterandWaste/water/quality.stm�


City of Winnipeg Water and Waste homepage:


� HYPERLINK "http://www.winnipeg.ca/waterandwaste/default.stm" �http://www.winnipeg.ca/waterandwaste/default.stm�


The History of Drinking Water Treatment (from the US EPA):


� HYPERLINK "http://esa21.kennesaw.edu/modules/water/drink-water-trt/drink-water-trt-hist-epa.pdf" �http://esa21.kennesaw.edu/modules/water/drink-water-trt/drink-water-trt-hist-epa.pdf�


Drinking Water Treatment (from the US EPA):


� HYPERLINK "http://esa21.kennesaw.edu/modules/water/drink-water-trt/drink-water-trt-epa.pdf" �http://esa21.kennesaw.edu/modules/water/drink-water-trt/drink-water-trt-epa.pdf�


Drinking Water and Health:  What You Need to Know! (from the US EPA):


� HYPERLINK "http://esa21.kennesaw.edu/modules/water/drink-water-trt/drinking-water-health-epa.pdf" �http://esa21.kennesaw.edu/modules/water/drink-water-trt/drinking-water-health-epa.pdf�











