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Water Quality: Temperature 
The temperature of a body of water influences its overall quality. Water temperatures outside the “normal” range can cause harm to the aquatic organisms that live there. If the water temperature changes by even a few degrees, it could indicate a source of unnatural warming of the water or thermal pollution. 

Shade is very important to the health of water because of the warming influences of direct sunlight. Another factor that may affect water temperature is the temperature of the air above the water. The extent of its influence has a great deal to do with the depth of the water. A shallow body of water is more susceptible to changes in temperature than deep water would be. While many factors can contribute to the warming of surface water, few cause it to be cooled. One way water can be cooled is by cold air temperatures. A second, natural method of cooling comes from the introduction of colder water, such as refilling a container directly from a faucet.
A change in water temperature can affect the general health of the aquatic organisms. One important aspect of water temperature is its effect on the solubility of gases, such as oxygen. More gas can be dissolved in cold water than in warm water. Animals, such as salmon, that require a high level of dissolved oxygen will only thrive in cold water. Increased water temperature can also cause an increase in the photosynthesis rate of aquatic plants and algae. This can lead to increased plant growth and algal blooms, which can be harmful to the local ecosystem. Table 1 lists the optimal temperature ranges of some selected aquatic organisms. When the water temperature becomes too hot or too cold, organisms become stressed, lowering their resistance to pollutants, diseases, and parasites.
	Table 1:  Optimal Temperature Ranges 

	Organism
	Temperature Range (°C)

	Trout
	  5 – 20

	Smallmouth bass
	  5 – 28

	Mayfly larvae
	10 – 25

	Carp
	10 – 25

	Mosquito
	10 – 25

	Goldfish
	20 – 23 

	Guppy
	23 – 25 

	Catfish
	20 – 25


In this experiment, you will measure the temperature of a small body of water, such as an aquarium. Then you will monitor the temperature of that body of water for a 24-hour period by taking a temperature reading once each minute.
OBJECTIVES

In this experiment, you will

· Use a computer and an NXT to measure temperature.

· Conduct a long-term data collection study.

· Learn why some bodies of water are more vulnerable to temperature changes than others.

MATERIALS

	computer
	Vernier NXT Sensor Adapter

	LEGO NXT Intelligent Brick with     rechargeable battery and AC adapter
MINDSTORMS Edu NXT v2.0 software  
	Vernier Stainless Steel Temperature Probe

NXT cable


PROCEDURE

Part I  Single Temperature Value


1.
Connect the sensor and the NXT.

a. Connect the Stainless Steel Temperature Probe 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.

d. Connect the NXT to a wall outlet. Batteries may not last the duration of the experiment.
2.
Launch NXT 2.0 Programming. 
3.
Prepare the program for temperature 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 temperature 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.
Place the tip of the probe into the aquarium. 

5.
Note the temperature reading in the digital display. When the reading stabilizes, record the temperature value in your data table.

Part II  Long-Term Temperature Study


6.
Start the Data Logger by clicking the Switch to NXT Data Logging button in the upper-left corner.

7.
Click the Go button next to Start New Experiment.

8.
Set up the experiment.

a. In the Experiment Configuration window, select Vernier Temp.TMP/STS by clicking on the pull-down list to the left of Port 1. (Notice the indicator box changes from gray to green.)

b. Adjust the Duration to 1440 minutes (24 hours). Notice the default unit is “seconds.” You must select “minutes” from the pull-down list.

c. Adjust the Rate to 60 seconds between samples. Notice the default rate is “samples per second.” You must select “seconds between samples” from the pull-down list. We want to get a reading every minute. 

d. Click the OK button.

9.
Secure the Temperature Probe to the aquarium so that the tip extends into the water. 


10.
In order to conduct a long term experiment of this type, the NXT must remain on. To avoid having the NXT go to sleep, you must adjust the power setting on it.

a. Using the left or right button on the NXT, scroll through the menu options to Settings. Press the Enter button.

b. Scroll through the Settings options to Sleep. Press the Enter button.  

c. Scroll through the Sleep options to Never. Press the Enter button.

11.

Click the Download and Run button to begin data collection.

12.

At the end of the 24 hours, analyze the dataset.

a. Record the Start Date and Time from the Dataset Table.

b. Under the Analysis Tools button, select Section Analysis.

c. Drag the left and right edges of the gray strip until it is as wide as the entire graph window.

d. Record the minimum and maximum temperature values in the data table.

e. Close the Section Analysis box.

f. Under the Analysis Tools button, select Point Analysis.

g. Drag the vertical line left or right to find the number of elapsed minutes when the temperature reached its minimum and maximum values.

DATA AND OBSERVATIONS
Part I  Single Temperature Value


	Table I

	Location
	

	Date
	

	Time of Day
	

	Temperature (°C)
	


Part II  Long-Term Temperature Study


	Table II

	Location
	

	Start Date
	

	Start Time 
	

	Maximum temperature (°C)
	

	Elapsed time to reach maximum temperature (min)
	

	Time of day maximum temperature occurred
	

	Minimum temperature (°C)
	

	Elapsed time to reach minimum temperature (min)
	

	Time of day minimum temperature occurred
	

	Temperature range (°C)
	


PROCESSING THE DATA

1.
Calculate the time of day that the maximum and minimum temperatures occurred.

2.
Calculate the temperature range (maximum – minimum).
3.
Compare the minimum and maximum temperatures to the times they occurred. What might be the reasons for these temperature differences?
4.
Compare the temperature range in your long-term temperature study to the optimal ranges given in the introduction. What aquatic organism might live best in your environment? 
EXTENSIONS

1.
Test the temperature coming from your school bathroom faucet or drinking fountain.  
2.
Test the temperature of a bucket of water that has been sitting in the sun for a few hours.
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