Acid Mine Drainage and Dissolved Oxygen for PASPORT Systems
Topics:
Setup
Data Collection
Questions
Teacher’s Hints
Purpose:

Students will measure the concentration of dissolved oxygen in an aqueous environment, both before and after the addition of two different pollutants common to acid mine drainage, sodium sulfite and sodium nitrate. Students will analyze how sulfites and related chemical compounds affect the availability of oxygen in waterways exposed to acid mine drainage.

Equipment:
· Dissolved Oxygen Sensor with soaker bottle  PS-2108

· Xplorer GLX  PS-2002 or other PASPORT Interface
· Distilled or deionized water

· 1 mL each of 2-M sodium sulfite solution and 2-M sodium nitrate solution

· Clamps and lab stand as needed to suspend sensor in solution

· Lab glassware: two 600-mL beakers, large and small graduated cylinder (or pipette), stirring rod

· Wash bottles for rinsing sensors

· Optional: magnetic stir bar setup

Additional equipment:

· 2-M sodium sulfite solution (25.2 g Na2SO3 / 100 mL)

· 2-M sodium nitrate solution (17 g NaNO3 / 100 mL)

· large bottle or aquarium pump to aerate water

Note: To saturate deionized water with air, fill a clean container one-third full with deionized water, seal it, and shake vigorously for 10 seconds. Alternatively, bubble air through the deionized water for 15 minutes using an aquarium pump.

Optional:

· pH Sensor  PS-2102

Software Setup:

1. Open the pre-configured DataStudio file included for this dissolved oxygen experiment.
2. When the file is opened, you should see a graph display of Oxygen Concentration versus Time, as well as a digits display of oxygen concentration.

3. Connect the Dissolved Oxygen Sensor to the PASPORT Interface.

4. If students will be monitoring pH as well as dissolved oxygen concentration, connect the pH sensor to the appropriate interface, then use the Displays list in the Summary window to create the additional displays you would like to use, for example a graph of pH vs. time.

5. Resize and arrange the displays as needed so that you can see them all.
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Experimental Procedure:

Sensor calibration:

1. Refer to the "Setup and Calibration" instructions and the Calibration Table on the Quick Start card for calibration procedures.

Data Recording:

1. Measure 400 mL of room-temperature aerated deionized water into the 600-mL beaker.

2. Stir gently but continuously with the Dissolved Oxygen Sensor, or use a stir plate / hot plate and clamp the probe above a magnetic stir bar. Click the Start button 
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 ) to begin collecting data.

3. Monitor the dissolved oxygen concentration of the water for the meter reading to stabilize. Once the reading stabilizes record data for 30 more seconds.

4. After 30 seconds, begin dropping 1 mL of the 2-M Na2SO3 solution into the water.

5. Continue stirring and record data until the reaction stops, then click the Stop 
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 ) button.

6. Repeat steps 1 – 5 above using the second beaker and the NaNO3 solution. Record additional trials as time permits.
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Data Analysis:

1. Examine each graph display to view your data, using the Scale to Fit button ( [image: image5.png]


  ) in the Graph toolbar to resize the axes.

2. Determine the minimum and maximum values for the concentration of dissolved oxygen for each data run: click the Statistics button ( [image: image6.png]


 ) in the Graph toolbar and look for the minimum and maximum values to appear in the graph legend.

3. Use the Slope tool ( [image: image7.png]


 ) to determine when during each data run the concentration of dissolved oxygen changed most quickly.

4. Compare the Oxygen Concentration graphs over time for each run.

5. If pH was also monitored, compare graphs of pH vs. time for each data run. Note any correlations between change in dissolved oxygen concentration and pH of solution.

Conclusions and Extensions:
1. What effect did each of the two test solutions have on the concentration of dissolved oxygen? Which ion had the more dramatic reaction with oxygen in solution?

2. Sodium sulfite (Na2SO3) reacts with oxygen (O2) in aqueous solution to form sodium sulfate (Na2SO4). In this redox reaction, sulfite is oxidized to sulfate and oxygen is reduced. Write a complete balanced reaction for this process.

3. The net reaction shown below describes the overall process of pyrite oxidation, resulting in acid production and formation of "yellow boy", or iron (III) hydroxide.

4FeS2(s) + 15O2(g) + 14H2O(l) --> 4Fe(OH)3(s) + 8SO42-(aq) + 16H+(aq)
This process happens in a series of 3 reactions described below. For each step, write and balance the correct chemical reaction. {Hint: In each of the first 2 steps, reactants include oxygen gas.}

1st: Iron sulfide is oxidized, forming aqueous iron (II) ions and sulfuric acid.

2nd: Iron (II) ions are oxidized and form iron (III) ions.

3rd: Iron (III) ions hydrolyze (react with water) and form a precipitate of iron (III) hydroxide and aqueous hydrogen ions.

4. Many water treatment approaches to the problem of acid mine drainage are possible, from diverting mine effluent to a water treatment plant, to establishing an artificial treatment ecosystem. Research the remediation options currently in use or being investigated, and report on their relative advantages and drawbacks.
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