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Water Quality: pH 
The pH of a body of water is very important as an indication of water quality, because of the sensitivity of aquatic organisms to the pH of their environment. Small changes in pH can endanger many kinds of plants and animals; for example, trout and various kinds of nymphs can only survive in waters between pH 7 and pH 9. If the pH of the waters in which they live is outside of that range, they may not survive or be able to reproduce.
Water contains both hydrogen ions and hydroxide ions. The relative concentrations of these two ions determine the pH value. Water with a pH of 7 has equal concentrations of these two ions and is considered to be a neutral solution. If a solution is acidic, the concentration of hydrogen ions exceeds that of the hydroxide ions. In a basic solution, the concentration of hydroxide ions exceeds that of the hydrogen ions. On a pH scale of 0 to 14, a value of 0 is the most acidic, and 14 the most basic. A change from pH 7 to pH 8 in a body of water represents a ten-fold increase in the hydroxide ion concentration. 

Rainfall generally has a pH value between 5 and 6.5. It is acidic because of dissolved carbon dioxide and air pollutants, such as sulfur dioxide or nitrogen oxides. If the rainwater flows over soil containing hard-water minerals, its pH usually increases (between 7.5 and 8.5). The pH of streams and lakes is usually between 7 and 8. Levels between 6.5 and 8.5 are acceptable for most drinking water standards.
In this experiment, you will measure the pH of several water sources.
OBJECTIVES

In this experiment, you will

· Use a computer and an NXT to measure pH.

· Compare water from different sources.

· Learn to distinguish acidic, neutral, and basic pH values.

MATERIALS

	computer
	distilled water

	LEGO NXT Intelligent Brick
	3 or more water samples

	MINDSTORMS Edu NXT v2.0 software  
	250 mL beaker

	Vernier NXT Sensor Adapter
	wash bottle with distilled water

	Vernier pH Sensor
	waste cup

	NXT cable
	paper towels
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PROCEDURE

1.
Connect the sensor and the NXT.

a. Connect the pH Sensor to the Vernier NXT Sensor Adapter. 
b. Connect the Adapter to Port 1 on the NXT using a LEGO NXT cable.  

c. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.
2.
Launch NXT 2.0 Programming. 
3.
Prepare the program for pH data collection.
a. Click the Go button next to Start New Program.

b. Drag a Vernier Sensor Block from the Sensor palette to the programming area.

c. In the configuration panel at the lower-left side of the computer screen, select pH from the Sensor pull-down list.

d. You should see live sensor readings displayed in the configuration panel. If the sensor reading is gray and not changing, the NXT is not communicating with the computer. Click on the NXT Window button at the top-left corner of the NXT Controller. If the NXT is not listed as Connected, you may need to check the power and connections and then select your NXT from the list presented. Once it is listed as Available, you can choose Connect.
4.
Measure the pH. 

a. Wash a 250 mL beaker with tap water and dry it with a paper towel. Note: All glassware must be clean in this experiment!

b. Pour a 100 mL water sample into this clean beaker.

c. Raise the pH Sensor from the “Temporary Storage Solution.” Use a wash bottle filled with distilled water to thoroughly rinse the pH Sensor as shown by your teacher.
d. Lower the pH Sensor into the water sample and swirl the water around the sensor briefly. Be careful not to damage the glass bulb on the sensor!
e. Note the pH reading in the digital display. When the reading stabilizes, record the pH value in your data table.

5.
Determine the pH of the other water samples using the Step 4 procedure. Be sure to clean the sensor between tests.
6.
When you are finished, thoroughly rinse the pH Sensor with distilled water and return it to the “Temporary Storage Solution.”
DATA AND OBSERVATIONS
	Source of Water
	pH

	Distilled
	

	Tap
	

	Bottled
	

	Aquarium
	

	Pond
	


PROCESSING THE DATA

1.
Which waters tend to be neutral?
2.
Which waters tend to be acidic?
3.
Which waters tend to be basic?
EXTENSIONS

1.
The procedure recommends using room temperature water samples. How is the pH affected if the water is very hot or very cold?  
2.
Let your water samples remain in their containers. What happens to the pH if you test them a week later?
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