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Water Field Study

Water Field Study 
When studying water quality, there are many measurements that can be made. In this experiment, you will measure water temperature, total dissolved solids (TDS), and pH in a stream, lake, or river. Water temperatures in streams can range from 0(C in the winter to above 30(C in the summer. Cooler water in a stream is generally considered healthier than warmer water. Problems generally occur when changes in water temperature are noted along one stream on the same day. If the water temperature changes by even a few degrees, it could indicate a source of unnatural warming of the water. Many industries use river water in their processes. The water is treated before it is returned to the river, but it is warmer than it was before. Runoff entering a stream from parking lots and rooftops is often warmer than the stream and will increase its overall temperature. Some sample data are listed in Table 1. 

	Table 1: Water Temperatures of Selected Rivers

	Site
	Season
	Temperature
(°C)
	Season
	Temperature
(°C)

	Hudson River, Poughkeepsie, NY
	Winter
	5
	Summer
	25

	Mississippi River, Memphis, TN
	Winter
	7
	Summer
	29

	Rio Grande, El Paso, TX
	Winter
	16
	Summer
	21

	Missouri River, Garrison Dam, ND
	Winter
	3
	Summer
	14

	Willamette River, Portland, OR
	Winter
	9
	Summer
	22


The best pH range for most aquatic organisms is pH 6.5 to 8.2. Rainfall generally has a pH value between pH 5 and 6.5. It is acidic, because of dissolved carbon dioxide and air pollutants. If the rainwater flows over soil containing hard-water minerals, its pH usually increases. Streams and lakes are often basic with pH values between pH 7 and 8. Streams that flow over limestone deposits have a natural ability to neutralize the adverse effects of acid rain. Hard water will often have pH values between 7.5 and 8.5. Changes in pH can be caused by algal blooms (more basic), industrial processes resulting in a release of bases or acids (raising or lowering pH), or the oxidation of sulfide-containing sediments (more acidic).

TDS values in lakes and streams are typically found to be in the range of 50 to 250 mg/L. In areas of especially hard water or high salinity, TDS values may be as high as 500 mg/L. There are many possible human-induced sources of ions that may contribute to elevated TDS readings. Fertilizers from fields and lawns can add a variety of ions to a stream. Increases in TDS can also result from runoff from roads that have been salted in winter. Organic matter from wastewater treatment plants may contribute higher levels of nitrate or phosphate ions. Treated wastewater may also have higher TDS readings than surrounding streams if urban drinking water has been highly chlorinated. Irrigation water that is returned to a stream will often have higher concentrations of sodium or chloride ions. Acid rain often yields elevated hydrogen ion concentrations. Some sample data are listed in Table 2.
	Table 2: Conductivity in Selected Rivers

	Site
	Season
	Conductivity 
(µS/cm)
	Season
	Conductivity
(µS/cm)

	Hudson River, Poughkeepsie, NY
	Spring
	180
	Fall
	238

	Mississippi River, Memphis, TN
	Spring
	266
	Fall
	440

	Rio Grande, El Paso, TX
	Spring
	1020
	Fall
	1220

	Sacramento River, Keswick, CA
	Spring
	142
	Fall
	120

	Ohio River, Benwood, WV
	Spring
	600
	Fall
	286


When doing this experiment, you might choose to compare water quality at two or more points on the same stream, in two or more different streams or lakes, or in a stream that runs into a lake.
OBJECTIVES

In this experiment, you will

· Use a Temperature Probe to measure water temperature.

· Use a Conductivity Probe to measure the total dissolved solids in water.

· Use a pH Sensor to measure the pH of water.

· Make visual observations at the test sites.

· Compare water quality.

MATERIALS

	computer
	Vernier pH Sensor

	LEGO NXT Intelligent Brick
	NXT cable

	MINDSTORMS Edu NXT v2.0 software  
	waste cup

	Vernier NXT Sensor Adapter
	wash bottle with distilled water

	Vernier Temperature Probe
	colorless plastic bottle or paper cups

	Vernier Conductivity Probe  
	Temporary pH storage solution


Choosing a Data-Collection Method

· Method 1 requires that the NXT be connected to the computer while collecting data.

· Method 2 allows you to disconnect the NXT from the computer for data collection. This method has the advantage of keeping your computer away from the lake or stream. Only the NXT and sensors will be directly near the water.

PROCEDURE

Method 1: NXT Remains Attached to a Computer

1.
Fill the plastic bottle with water taken below the water surface at a point one meter from the shore. CAUTION: Take all necessary precautions to ensure your safety!
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Figure 1

2.
Connect the adapter and the NXT.

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

b. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.
3.
Launch NXT 2.0 Programming.
4.
Prepare the program for 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.
Part I  Measure the Temperature of the Water


5.
Connect the Temperature Probe to the Vernier NXT Sensor Adapter.

6.
In the Vernier Sensor Block configuration panel, select Temp.TMP/STS deg C from the Sensor pull-down list. You will be reading data values directly from the digital display. (Note: Temperature values will be displayed in degrees Celsius. If you prefer reading temperatures in degrees Fahrenheit, choose Temp.TMP/STS deg F from the pull-down list.)
7.
Lower the Temperature Probe into the water sample and swirl the water around the probe briefly.

8.
Note the temperature reading in the digital Display. When the reading stabilizes, record the temperature value in your data table.

Part II  Measure the pH of the Water


9.
Disconnect the Temperature Probe from the Vernier NXT Adapter and connect the pH Sensor.


10.
In the Vernier Sensor Block configuration panel, select pH from the pull-down list.

 11.

Measure the pH. 

a. Remove the pH Sensor from the “Temporary Storage Solution.”

b. Rinse the pH Sensor with distilled water. 
c. Lower the pH Sensor into the water sample and swirl the water around the sensor briefly. Be careful not to damage the sensor!

d. Note the pH reading in the digital display. When the reading stabilizes, record the pH value in your data table.

e. Rinse the pH Sensor with distilled water and return it to the “Temporary Storage Solution.”

Part III  Measure the TDS of the Water



12.
Disconnect the pH Sensor from the Vernier NXT Adapter and connect the Conductivity Probe. Set the switch on the probe box to the 0-2000 S/cm range.

13.
In the Vernier Sensor Block configuration panel, select Conductivity from the pull-down list.


14.
Measure conductivity.

a. Lower the Conductivity Probe into the water sample and swirl the water around the probe briefly.

b. Note the conductivity reading in the digital display. When the reading stabilizes, record the conductivity value in your data table.

Part IV  Observe the Site


15.
Note and record the clarity (clearness) of the water sample.


16.
Make and record other observations related to water quality at the site (concerning algae, plants, water “critters,” animals, flow rate, etc.).


17.
Repeat Steps 5–16 at one or more other sites.

Method 2: Using NXT Remotely

1.
Prepare the NXT for data collection by downloading three separate programs from your computer to the NXT. These programs will display sensor readings while logging data for 10 seconds.
a. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.

b. Launch NXT 2.0 Programming. 
c. Open the file 10 Temperature.rbt.
d. Click the Download button (bottom-left corner of the NXT Controller). Note this does not run the experiment, but stores the program in the memory of the NXT. 

e. Open the file 10 pH.rbt.
f. Click the Download button to download it to the NXT. 

g. Finally, open the file 10 Cond 2000.rbt and download it to the NXT.
2.
Disconnect the NXT from the computer

Part I  Measure the Temperature of the Water


3.
At the water site, connect the Temperature Probe to the Vernier NXT Sensor Adapter.

4.
Connect the Adapter to Port 1 on the NXT using a LEGO NXT cable. 
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5.
Water temperature may be measured on site by either placing the probe directly in the stream or by collecting a sample and immediately measuring its temperature. If you need to collect a sample to measure on site, it is important to obtain the water sample from below the surface of the water and as far away from the shore as is safe. If suitable areas of the stream appear to be unreachable, samplers consisting of a rod and container can be constructed for collection. 
6.
Place the tip of the Temperature Probe into the stream or into a cup with sample water just taken from the stream. Submerge the probe tip to a depth of about 6 cm. Wait about 30 seconds for the probe to come into equilibrium with the sample.
7.
Run the “10 Temperature” program on the NXT. Try to leave the probe in the same position in the water for the entire 10 seconds. The program will display the temperature reading while it stores the data in memory. There will be a beep at the end of the program.
Part II  Measure the pH of the Water


8.
Disconnect the Temperature Probe from the Vernier NXT Adapter and connect the pH Sensor.

9.
Measure the pH. 

a. Remove the pH Sensor from the “Temporary Storage Solution.”

b. Rinse the pH Sensor with distilled water. 
c. Place the tip of the pH Sensor into the stream, or into a cup with sample water just taken from the stream. Submerge the probe tip to a depth of about 6 cm. Be careful not to damage the glass bulb on the sensor!

d. Run the “10 pH” program on the NXT. Try to leave the probe in the same position in the water for the entire 10 seconds.

e. Rinse the pH Sensor with distilled water and return it to the “Temporary Storage Solution.”

Part III  Measure the TDS of the Water


10.

Disconnect the pH Sensor from the Vernier NXT Adapter and connect the Conductivity Probe. Set the switch on the probe box to the 0-2000 S/cm range.
11.

Measure the conductivity.

a. Place the tip of the Conductivity Probe into the stream, or into a cup with sample water just taken from the stream. Submerge the probe tip to a depth of about 6 cm.

b. Run the “10 Cond2000” program on the NXT. Try to leave the probe in the same position in the water for the entire 10 seconds.

Part IV  Observe the Site


12.

Note and record the clarity (clearness) of the water.  

13.

Make and record other observations related to water quality at the site (concerning algae, plants, water “critters,” animals, flow rate, etc.).


14.
If you have time, repeat Steps 3–13 at one or more other sites. (Note: You will not lose your first dataset. The NXT is capable of storing multiple datasets.)

15.
Back in the classroom, upload the temperature data to the computer.  

a. Reconnect the NXT to the computer (USB or Bluetooth). Make sure the NXT is turned on.

b. Launch NXT 2.0 Data Logging.

c. Choose Open from the File menu. 

d. Highlight your NXT in the Browse Devices window. Be patient. It may take a few seconds for your NXT to appear.

e. Select the 10 Temp.log file and choose Open. Notice your dataset is stored in the table under the name of the sensor used to collect the data. The extension “_p1_1” is automatically added.


16.
Analyze the dataset.  

a. Under the Analysis Tools Button, select Section Analysis.

b. Drag the left and right edges of the gray strip until it is as wide as the entire graph window. If one part of your dataset has invalid data, leave that part out of the analysis region.
c. Record the mean temperature value in your data table.


17.
Open and analyze the pH log file. Use the same procedure you used for the temperature data. Record the mean pH in your data table.


18.
Open and analyze the Conductivity log file. Record the mean conductivity in your data table.

19.
If you took data at multiple sites, repeat Steps 16–18.

DATA AND OBSERVATIONS
	Table I

	Site
	
	

	Date
	
	

	Time
	
	

	Temperature (°C)
	
	

	pH
	
	

	Conductivity (S/cm)
	
	

	TDS (mg/L)
	
	

	Clarity
	
	

	Other observations
	
	


PROCESSING THE DATA

1.
Convert the conductivity values in S/cm to TDS values in mg/L using the relationship 2000 S/cm = 1000 mg/L (a 2:1 ratio).
2.
How did the water quality at the different sites compare?
3.
What differences did you find? Explain the differences.
4.
What similarities did you find? Explain the similarities. 

5.
At which site was the water “best?” Explain why it was the best. 

6.
What new ideas for testing water quality did you come up with while doing this experiment? 

EXTENSIONS

1.
Test water quality at the same site at different times.  
2.
Test the effects of rain or snow on water quality.

3.
Test water quality at sites upstream and downstream from a wastewater treatment plant.
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