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Procedure Outline — Activity S05: Reducing Turbidity in Water
· This activity has two parts: a COLLECT part and a LAB part.
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Equipment Needed
Qty
Per Student
Qty

Light Sensor (CI-6504A)
1
Personal flotation device
1

Balance, Triple Beam (SE-8723)
1
Rubber boots (or waders)
1 pr

Base & Support Rod (ME-9355)
1
Protective gear
1 set

Bottle, square, clear, ~500 mL
3



Clamp, Buret (SE-9446)
2
Chemicals and Consumables
Qty

Clamp, Multi (SE-9442)
1
Aluminum sulfate (Al2(SO4)3)
5 g

Container, ~ 3 L
1
Calcium oxide (CaO)
2.5 g

Graduated cylinder, 100 mL
1
Iron (II) chloride (FeCl2)
2.5 g

Light source, DC (e.g., pen light)
1
Cardboard box, ~15 by 15 by 12 cm
1

Knife
1
Label
3

Marking pen
1
Water (muddy)
2 L

Rod, Lab Stand, 45 cm (ME-8736)
1
Weighing paper
3

VOCABULARY
floc
flocculation
gelatinous
sedimentation

What Do You Think?

[image: image5.wmf]How does the rate of reducing turbidity in water by sedimentation (allowing suspended matter to settle) compare to the rate of reducing turbidity by flocculation (using chemicals to remove suspended matter)?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image6..pict]One of the first steps in making water safe to drink is to remove any suspended matter from the water. Because much of the suspended matter in water settles to the bottom if allowed to set undisturbed, a water treatment plant puts water in holding areas for several hours. Some of the suspended matter sinks to the bottom, leaving the top portion of water less turbid. This process is sedimentation.

Smaller particles of suspended matter may not settle to the bottom no matter how much time the water sets undisturbed. In order to remove these smaller particles, water treatment plants use a process called flocculation. Chemical such as aluminum sulfate (“alum”) or a mixture of calcium oxide (“lime”) and iron chloride are added to the water. These chemicals form fluffy, gelatinous solids called floc. As the floc forms it gets larger and heavier and sinks to the bottom.


As floc drifts downward, the smaller particles of suspended matter clings to it. Once the floc arrives at the bottom, the top portion of the water is less turbid. Both processes may be used to remove suspended matter from water. Neither process harms the water.

You will collect some muddy, turbid water. You will measure how fast sedimentation makes the muddy water become clearer compared to how fast flocculation makes the muddy water become clearer.

SAFETY REMINDERS (COLLECT)
· Wear a personal flotation device (life jacket) when collecting water samples for this activity.

· Wear clothing that is appropriate for the outdoor part of this activity.

SAFETY REMINDERS (LAB)
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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[image: image7..pict]Procedure Outline
In this activity, use the Light Sensor to measure the clarity of the water samples. You will let one container set undisturbed so the rate of reducing turbidity by sedimentation can be measured. You will add aluminum sulfate to a second container, and a mixture of calcium oxide and iron chloride to the third container in order to measure the clarity due to flocculation. 

[ √ ]
Remember, for more detailed information see Appendix A.

 [   ]
Pre-Lab: Collect the Sample

•
Use a container to collect about 2 liters of non-clear water from a river, lake or pond. Put a label on the container and mark the label with the location of the water source.

Alternate Procedure: Add a small amount of dirt to 2 liters of water and shake vigorously to thoroughly mix the dirt and water.

[   ]
A. Set Up the Equipment

[image: image8..pict]1.
In the lab, measure out 5 g of aluminum sulfate (alum), 2.5 g of iron chloride, and 2.5 g of calcium oxide (lime) onto individual weighing papers. 

2.
Label the three square bottles. Label one bottle “CONTROL”, a second bottle “ALUM”, and a third bottle “IRON CHLORIDE + LIME”.

3.
Use a base and support rod, a lab stand rod, a multi-clamp (right-angle clamp), and two buret clamps to make a stand for the penlight and Light Sensor. 

4. 
Adjust the position of the pen light and the Light Sensor so the square bottle just fits between them. Line up the penlight and the sensor so the light goes in a straight line through the bottle to the sensor. When the Light Sensor, bottle, and penlight are lined up, put strips of tape on the table to trace the position of the square bottle.

[image: image9..pict]5.
Use a cardboard box to make a “light shield” that can fit over the penlight, square bottle, and sensor. 
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B. Set Up the Experiment

Computer Setup

1.
Connect the Light Sensor DIN plug into Analog Channel A on the ScienceWorkshop interface.

2.
Open the file titled as shown: 

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

S05 Turbidity.ds
S05 Turbidity
S05_TURB.SWS

•
The DataStudio file has a Workbook display. Read the instructions in the Workbook. The ScienceWorkshop file has a Digits display and a Table display. Data recording is preset to stop at 30 seconds.

Sensor Calibration

3.
Calibrate the Light Sensor using the pen light. Put clear water in the square bottle. Let the light transmitted through the clear water be “100% intensity”.

[ √ ]
Remember, for more detailed information see Appendix A.

[   ]
C. Do the Experiment

1.
Set up the water samples:

a)
Fill each of the three square bottles with 500 mL of muddy, turbid water. 

b)
Add 5 g of aluminum sulfate to the bottle labeled ALUM.

c)
Add 2.5 g of iron chloride and 2.5 g of calcium oxide to the bottle labeled IRON CHLORIDE + LIME.

2.
Shake the bottle labeled CONTROL. Turn on the pen light. Put the bottle exactly between the Light Sensor and pen light. Add the cardboard “light shield” over the sensor and light.

Data Recording Part 1: Beginning

3.
When you are ready, record the amount of transmitted light for the water sample in the bottle. 

4.
Repeat the process for the bottle labeled ALUM, and then for the bottle labeled IRON CHLORIDE + LIME.

Data Recording Part 2: After 30 Minutes

5.
Allow the three bottles to set undisturbed for 30 minutes.

6.
Repeat the measurement of transmitted light for each bottle. 

•
Do you need to make the measurement in the same order: CONTROL, then ALUM, then IRON CHLORIDE + LIME?

NOTE: Move the bottles very carefully. Don’t shake them or swirl the water.
Data Recording Part 3: After Overnight Rest

7.
Allow the three bottles to set undisturbed overnight.

8.
Repeat the measurement of transmitted light for each bottle.

9.
Dispose of the water samples as instructed.

[   ]
D. Analyze the Data

1. Use the Table display to examine each run of data. 

•
Hint: Drag data runs to the Table display in DataStudio to add data runs to the Table. Use the ‘Add Column’ menu in ScienceWorkshop to add data runs to the Table.

2. Determine the average intensity of light that was transmitted through each sample of water at each of the three times. Record the average intensity of light for each sample.

3. Record the light intensity (% max) for each sample of water for each of the three times.

Record your results in the Lab Report section.

Lab Report — Activity S05: Reducing Turbidity in Water
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_________________________________ 

Class ____________________ 

Date 
____________

[   ] What Do You Think?
How does the rate of reducing turbidity in water by sedimentation (allowing suspended matter to settle) compare to the rate of reducing turbidity by flocculation (using chemicals to remove suspended matter)?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

 [   ] Analyze the Data

1.
Use the Table display to determine the mean of the light intensity (% max) for each sample of water for each of the three times.

2.
Record the light intensity (% max) for each sample of water for each of the three times.

Data Table (Light Sensor)

Trial #
Sample
Time
Clarity (% max light intensity)

1
CONTROL 
beginning


2
ALUM 
beginning


3
IRON CHLORIDE + LIME 
beginning


4
CONTROL
after 30 min.


5
ALUM
after 30 min.


6
IRON CHLORIDE + LIME
after 30 min.


7
CONTROL
after overnight


8
ALUM
after overnight


9
IRON CHLORIDE + LIME
after overnight


*The iron chloride/lime combination clouded the water at the very beginning. The iron chloride/lime combination produced the most sediment on the bottom of the bottle.

[   ] Conclusion

1.
How does your hypothesis (answer to “What Do You Think?”) compare with the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

[   ] Questions

1.
How does sedimentation (the CONTROL) compare to flocculation for the rate of clarifying water?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2.
Which chemical (ALUM or the IRON CHLORIDE + LIME) clarified the water more rapidly?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

floc: 



flocculation: 



gelatinous: 



sedimentation: 
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