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Student Inquiry Worksheet


Water Treatment

Driving Questions
Determine the effects of various wastewater treatment methods.

· What are some processes used in water treatment, and what contaminants are they effective in removing from water? 

· Can you design an effective water treatment system?

Background
There are several steps in the water treatment process that are common to both drinking water and wastewater treatment. Among these processes are agglutination, sedimentation, and filtration. 

Filtration technology is abundant and can be used to remove nearly any impurity from water. However, using only filtration devices is not cost effective, so usually filtration is combined with other water treatment methods. 
Both types of water treatment—for drinking water and for wastewater—start by passing the water through a gridded screen to catch larger objects. Then, a coagulant is added to the water. Salts of aluminum (alum) or water soluble organic polyelectrolytes are often used as coagulants. Coagulants cause suspended particles to form clumps in a process called agglutination. Next, these clumps aggregate into larger clumps, or flocs. These flocs are dense enough to settle out of the water in a process called sedimentation. The water is then filtered through a variety of media of varying porosities, including activated carbon, sand, and gravel. Filtration works by trapping impurities in the spaces between the granules of the media and allowing the water to flow through it.

While the water looks clean at this point, several precautions must be taken to eliminate viruses or bacteria in the water that can cause disease. Three of the most common ways to disinfect water include: 1) treatment with chlorine, 2) bubbling with ozone, or 3) exposure to ultraviolet light. More advanced (and expensive) filtration methods use membranes—for example, reverse osmosis and micropore filtration—for special purposes.

Materials and Equipment
For each student or group:

	· Data collection system
	· Buffer solution pH 4, 25 mL

	· Water quality sensor1 
	· Buffer solution pH 10, 25 mL

	· Turbidity sensor
	· Soda bottle, empty, 500-mL

	· Beaker (4), 150-mL
	· Paper napkins (9), dinner, white, smooth 

	· Beaker (5), 50-mL
	· Paper towels (4), kitchen, white 

	· Waste container
	· "Wastewater" sample, 500 mL3

	· Test tube, 18-mm × 150-mm 
	· 4% Swimming pool water clarifier solution, 2 mL4

	· Cuvette (3)2
	· Wash bottle containing  water

	· Disposable pipet (6), 2-mL
	· Activated charcoal, 2 g

	· Stirring rod
	·  Water, 500 mL

	· Balance (1 per class)
	· Lint-free lab tissue


Safety
Follow all standard laboratory procedures.

Sequencing Challenge
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The steps below are part of the Procedure for this lab activity. They are not in the right order. Determine the proper order and write numbers in the circles that put the steps in the correct sequence. 
Procedure
After you complete a step (or answer a question), place a check mark in the box (() next to that step.

Note:  When you see the symbol "�" with a superscripted number following a step, refer to the numbered Tech Tips listed in the Tech Tips appendix that corresponds to your PASCO data collection system. There you will find detailed technical instructions for performing that step. Your teacher will provide you with a copy of the instructions for these operations.
Part 1: Determining effects of different water treatment processes

Set Up

1.
(
Stir the "wastewater" sample to uniformly mix it. 

2.
(
Pour 100 mL of the well-mixed "wastewater" sample into each of four 150-mL beakers. 

3.
(
Label the beakers as follows: 

· Beaker 1, "Untreated"

· Beaker 2, "Activated Charcoal"

· Beaker 3, "Sedimentation" 

· Beaker 4, "Agglutination"

4.
(
Set the beaker labeled “Sedimentation” aside for approximately 30 minutes. Enter the starting time: __________

5.
(
Why is it important to ensure that the beaker labeled “Sedimentation” is not touched or moved during these 30 minutes? 

6.
(
Put 2 mL of the 4% swimming pool clarifier solution in the beaker labeled “Agglutination" and use the stirring rod to thoroughly mix the pool clarifier into the wastewater. 

Note: Swimming pool clarifier contains coagulating agents that are similar to those used in municipal water treatment facilities. Coagulants cause suspended particles to form clumps in a process called agglutination.

7.
(
Periodically stir the contents of the “Agglutination” beaker during over the next 
30 minutes.

8.
(
Predict whether or not each water treatment method will cause a change in pH, conductivity, turbidity, odor, or the appearance of the wastewater. If you think a change will occur, explain the change using words such as increase, decrease, lighter, darker, clearer, cloudier, stronger smell or less odor. Record your predictions in Table 1. 

Table 1: Predictions

	Water treatment method
	pH


	Conductivity

	Turbidity

	Odor
	Appearance
(color, transparency)

	Filtration
	
	
	
	
	

	Activated charcoal filtration
	
	
	
	
	

	Agglutination
	
	
	
	
	

	Agglutination followed by filtration
	
	
	
	
	

	Sedimentation
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9.
(
Make a filter as follows: 

a.
Cut off the top half of a 500-mL soda bottle to use as a funnel.

b.
Fold a paper towel in half, and then fold it in half again. Separate the layers to make a funnel-shaped filter. 

c.
Stack 3 paper napkins together and shape them into a shallow bowl. Tuck these into the paper funnel and push the entire membrane construction into the funnel, forming a bowl to hold the filtrate.

10.
(
Start a new experiment on the data collection system. �(1.2)
11.
(
Connect the water quality sensor and the turbidity sensor to the data collection system. �(2.2)
12.
(
Place 25 mL of pH 4 buffer solution in a 50-mL beaker and 25 mL of pH 10 buffer solution in a second 50-mL beaker. Use these solutions to calibrate the pH sensor. �(3.6)
13.
(
Calibrate the turbidity sensor. �(3.7)
14.
(
Set the range of the conductivity sensor to its lowest setting (0 to 1,000 µS/cm) by pressing the green button marked with[image: image1.png]


. If the conductivity reading reaches 1,000 µS/cm, adjust the sensitivity of the conductivity sensor. �(4.2) 

Collect Data 

Untreated Wastewater
15.
(
Examine the untreated wastewater in the beaker labeled “untreated”. Record its odor, color, and general appearance in Table 2. 

Table 2: Water treatment process results

	Water treatment type
	pH
	Conductivity
(µS/cm)
	Turbidity
(NTU)
	Odor
	Appearance
(color, transparency, other observations)

	Untreated "wastewater"
	
	
	
	
	

	Filtration
	
	
	
	
	

	Activated charcoal filtration
	
	
	
	
	

	Agglutination
	
	
	
	
	

	Agglutination followed by filtration
	
	
	
	
	

	Sedimentation
	
	
	
	
	


16.
(
Monitor live pH, conductivity, and turbidity data in three separate digit displays. �(6.1) 

17.
(
Place the pH and conductivity sensors in the wastewater sample labeled “Untreated” and allow the readings to stabilize.

18.
(
Record the stabilized pH and conductivity values in Table 2.

19.
(
What does the conductivity sensor measure and what is it detecting in this sample?

20.
(
Remove the pH and conductivity sensors from the sample and thoroughly clean them with water. 

21.
(
Determine the turbidity of the wastewater sample labeled “Untreated”.

a.
Use a pipet to fill a cuvette with a sample of the wastewater.

b.
Put the lid on the cuvette and label it “Untreated”.

c.
Wipe the cuvette with a lint-free laboratory tissue.

d.
Hold the clean cuvette by the lid and insert it into the turbidity sensor.

e.
Close the lid of the turbidity sensor and allow the turbidity reading to stabilize.

f.
Record the turbidity in Table 2. 

22.
(
What is turbidity measuring?
Filtration

23.
(
Now test the effect of filtration on the untreated wastewater sample. 

a.
Arrange the filter you created earlier over a 50-mL beaker.

b.
Slowly pour about 10 mL of the wastewater from the beaker labeled “Untreated” into the filter, being careful to keep the liquid contained inside the paper napkin "bowl". 
c.
Continue to filter until the wastewater until you have 15 to 20 mL of filtrate in the 50-mL beaker. 

24.
(
Determine the odor, color, and general appearance of the filtrate and record these in Table 2 in the filtration row. 

25.
(
Transfer the filtrate to the test tube. 

26.
(
Determine the pH and conductivity of the filtrate and record them in Table 2. 

27.
(
Use an aliquot of the filtrate to determine the turbidity and record it in Table 2. See the instructions given in the Untreated Wastewater section if you need to review the process. 
28.
(
Discard the paper towels and napkins from the filter and clean the bottle so it can be used to make another filter in the next section.

29.
(
Clean the beaker, test tube, and sensors by thoroughly rinsing them with water.

Activated charcoal filtration

30.
(
Prepare an activated charcoal filter as follows:

a.
Make another paper membrane filter as described in the Set Up.

b.
Measure and add 1 gram of activated charcoal to 100 mL of water and stir. 

c.
Pour this slurry into the filter. 
d.
After that slurry has drained, slowly pour another 100 mL of water into the filter. 

e.
You should now have a paper membrane filter covered with a layer of activated charcoal. If the water filtering through it is not clear, filter an additional 100 mL of water.

Note: This step ensures that the activated carbon becomes fixed inside the filter and is not leaking out into the filtrate. 

Note: Activated charcoal is charcoal that is specially prepared so that it is extremely porous and can thus trap and remove molecules from water, especially large organic molecules such as those responsible for odors and colors. The activated charcoal must also be filtered out of the water.

31.
(
Now test the effect of an activated charcoal filter on an untreated wastewater sample. 

a.
Arrange the activated charcoal filter over a 50-mL beaker.

b.
Slowly pour about 10 mL of the wastewater from the beaker labeled “Activated charcoal” into the filter, being careful to keep the liquid contained inside the paper napkin "bowl". 
c.
Continue to filter the waste water until you have collected 30 mL of filtrate in the 
50-mL beaker. 

d.
Discard the 30 mL of filtrate collected and clean the beaker by rinsing it with water.

e.
Slowly pour more of the wastewater from the beaker labeled “Activated charcoal” into the filter in 10 mL portions until you collect 15-20 mL of filtrate.

32.
(
Determine the odor, color, and general appearance of the activated charcoal filtrate, and record these in Table 2.

33.
(
Transfer the activated charcoal filtrate to the test tube.

34.
(
Determine the pH and conductivity of the activated charcoal filtrate and record them in Table 2. 

35.
(
Use an aliquot of this filtrate to determine the turbidity and record in Table 2. See the instructions given in the Untreated Wastewater section if you need to review the process. 

36.
(
What effects did adding activated charcoal to membrane filtration have on the results of the filtration?

37.
(
Discard the paper towels and napkins from the filter and clean the bottle so it can be used to make another filter in the next section.

38.
(
Clean the beaker, test tube, and sensors by thoroughly rinsing them with water.

Agglutination

39.
(
Now test the effect of agglutination by returning to the beaker labeled “Agglutination” that you have been stirring over the last 30 minutes. 

40.
(
Determine the odor, color, and general appearance of this water, and record these observations in Table 2.

41.
(
Determine the pH and conductivity of this water and record them in Table 2. 

42.
(
Use an aliquot of the water in the beaker labeled “Agglutination” to determine the turbidity and record in Table 2. See the instructions given in the Untreated Wastewater section if you need to review the process. 

Agglutination followed by filtration.

43.
(
Now test the effect of agglutination followed by filtration by pouring some of the water in the beaker labeled “Agglutination” through a filter.

a.
Make another paper membrane filter as described in the Set Up.

b.
Arrange the filter you created earlier over a clean 50-mL beaker.

c.
Slowly pour about 10 mL of the water from the beaker labeled “Agglutination” into the filter, being careful to keep the liquid contained inside the paper napkin "bowl". 
d.
Continue to filter until the waste water until you have 15 to 20 mL of filtrate in the 50-mL beaker. 

44.
(
Determine the odor, color, and general appearance of the agglutination filtrate, and record these in Table 2.

45.
(
Transfer the agglutination filtrate to the test tube.

46.
(
Determine the pH and conductivity of the agglutination filtrate and record them in Table 2. 

47.
(
Use an aliquot of this filtrate to determine the turbidity and record it in Table 2. See the instructions given in the Untreated Wastewater section if you need to review the process.

48.
(
Clean the beaker, test tube, and sensors by thoroughly rinsing them with water.

Sedimentation

49.
(
Now test the effect of sedimentation by returning to the beaker labeled “Sedimentation” that has sat undisturbed for approximately 30 minutes.

50.
(
 Use a pipette to transfer a 30-mL sample from the top of the beaker into the test tube, being careful not to disturb the sediment. 

51.
(
Determine the odor, color, and general appearance of the water in the test tube, and record these observations in Table 2.

52.
(
Determine the pH and conductivity of this water and record them in Table 2. 

53.
(
Use an aliquot of the water in the test tube to determine the turbidity and record it in Table 2. See the instructions given in the Untreated Wastewater section if you need to review the process. 

Part Two: Designing and testing a water treatment system

Set Up 

54.
(
Design a water treatment procedure that uses a combination of two or more of the techniques presented in Part One of this lab. List the water treatment steps in your design and explain why you chose them (based on your results from Part One).

Collect Data 

55.
(
Treat 100 mL of the "wastewater" according to your designed procedure. 

56.
(
Monitor live pH, conductivity, and turbidity data using digits displays. �(6.1) 
57.
(
Once the data has stabilized, record your results in Table 3.

Table 3: Designed water treatment system results

	Water Treatment Data Set
	pH
	Conductivity
(µS/cm)
	Turbidity
(NTU)
	Odor
	Appearance
(color, transparency, other observations)

	My Designed Treatment System
	
	
	
	
	


58.
(
Clean up according to the teacher’s instructions. 

Data Analysis
1.
(
Compare the data obtained from your designed water treatment system with the data collected in Part One by filling in “My Designed Treatment System” data and the "Best Individual Test System" in Table 4. 

2.
(
Share the data from your designed water treatment system with those collected by classmates; then complete the "Best Designed System in the Class" row in Table 4.

Table 4: Designed water treatment system results

	Water Treatment Data Set
	pH
	Conductivity
(µS/cm)
	Turbidity
(NTU)
	Odor
	Appearance
(Color, Transparency, Other Observations)

	My Designed Treatment System
	
	
	
	
	

	Best Individual Test System (from Part One) 
	
	
	
	
	

	Best Designed System in the Class 
	
	
	
	
	


Analysis Questions

1.
What was the effect of filtration using a simple paper filter?

2.
What was the effect of treatment with the activated charcoal filter? 

3.
What was the effect of treatment with an agglutinating agent? What was the effect of agglutination followed by filtration?

4.
What was the effect of treatment with sedimentation?

5.
What is measured with the conductivity sensor?

6.
Which treatment method worked best for odors? 

7.
Which treatment method worked best for lowering turbidity? Which was least effective?

8.
What was the effect of treatment on pH?

9.
Compare the results obtained with your custom-designed filtration process to those from the individual filter media. Be sure to make comparisons regarding the rate of filtration. (Why might this be important?)

10.
Based on your results and those of your classmates, which combination of treatment processes produced the best results? Explain, using your data to support. 

Synthesis Questions
Use available resources to help you answer the following questions.

1.
What are some differences between the treatment of water used for human consumption compared with treatment of wastewater for discharge into the environment?

2.
Suppose you had to design a system to treat for human consumption a large amount of the type of wastewater used in this activity. What treatment methods would you include? Explain.

Multiple Choice Questions

Select the best answer or completion to each of the questions or incomplete statements below.

1.
The main purpose of sewage treatment is to: 

A.
Kill pathogenic bacteria and reduce odor

B.
Remove biodegradable materials from the water and kill pathogenic bacteria

C.
Kill pathogenic bacteria and remove plant nutrients

D.
Kill pathogenic bacteria, remove biodegradable materials, and make the water safe for human use

E.
None of the above

2.
Which of the following would be the most effective water treatment process?

A.
Sedimentation

B.
Filtration

C.
Activated charcoal filtration

D.
Agglutination
E.
A combination of two or more of the above processes

3.
What factor is NOT generally included in treating water for human use?

A.
Cost effectiveness

B.
Killing microorganisms

C.
Removing suspended solids

D.
Removing dissolved solids

E.
A and C
4.
What water treatment process causes suspended particles to form clumps? 
A.
Sedimentation

B.
Filtration

C.
Activated charcoal filtration

D.
Agglutination

E.
B and C

5.
What water treatment process is most effective at removing odors?

A.
Sedimentation

B.
Filtration

C.
Activated charcoal filtration

D.
Agglutination
E.
All of the above

Key Term Challenge
Fill in the blanks from the list of randomly ordered words in the Key Term Challenge Word Bank.
1.
There are several steps in the water treatment process that are common to both drinking water and wastewater treatment. Among these similar processes are _________________, _________________, and _________________. Filtration technology is abundant, and can be used to remove nearly any impurity from water. However, using filtration devices solely is not cost effective, and usually filtration is combined with other water treatment methods. 

2.
Treating drinking water and _________________ both start by passing the water through a gridded screen to catch larger objects. Then, a _________________ is added to the water. Salts of aluminum (alum) or water-soluble organic polyelectrolytes are often used as coagulants. Coagulants cause _________________ particles to form clumps in a process called _________________. These clumps then aggregate into larger clumps, or _________________. The clumps are dense enough to settle out of the water in a process called _________________. 

3.
The water is then filtered through a variety of media with varying _________________, including activated carbon, sand, and gravel. Filtration works by trapping _________________ in the spaces between the granules of the media and allowing the water to flow through it. While the water by this point looks clean, several precautions must be taken to eliminate _________________ or _________________ sources in the water that can cause disease. Three of the most common ways to disinfect water include: treatment with _________________, bubbling with ozone, or exposure to ultraviolet light. 

4.
More advanced (and expensive) filtration using _________________ charcoal can remove organic carbons that include pesticides, petroleum products, and molecules that change the color or odor of the water. An even more advanced and expensive filtration method is _________________ filtration; for example, reverse osmosis or _________________ filtration.

Key Term Challenge Word Bank
	Paragraph 1
	Paragraph 2
	Paragraph 3
	Paragraph 4

	agglutination

disinfection

filtration

purification

sanitation

sedimentation


	agglutination

alum

coagulant

flocs
sedimentation

sludge

solute
suspended
wastewater
	bacterial

chlorine
densities

impurities
porosities

viral
	activated

agglutinated

membrane

micropore

purification








Storage reservoir





Chlorination








Filtration tanks





Sludge to disposal








Sedimentation basin





Mixing/flocculation basin





Coagulant addition





Drinking water to homes





Water from source






































Observe and test pH, conductivity and turbidity of untreated wastewater.  Filter the waste water and then retest the filtered wastewater.





Filter the agglutinated water sample and then test the filtrate. Compare these results to both the plain filter and the activated charcoal filter. 





From the untreated water sample, set up sedimentation and agglutination samples. Set aside for at least 30 minutes. 





Filter another sample of wastewater, but this time use an activated charcoal filter. Collect data and compare this type of filter to the plain filter.








Test an aliquot of the sedimentation sample. Compare the results to the filtered samples and use all the data to design your own water. treatment system.
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