AOSC 634/458R
Experiment #6
Sulfur Dioxide Measurement

Potentially Useful Equipment:  UV Pulsed Fluorescence SO2 Analyzers - Thermo Environmental Model 43 or Model 43C, mass flow controllers, compressed air, water bubbler, humidity or dewpoint sensor, compressed air and calibration gases, and data acquisition system (DAS).

Objectives:

1.  Determine the noise level, whether the noise is Gaussian, the effect of varying the signal averaging time on signal-to-noise level, detection limit, and response time.

2.  Evaluate the calibration, response times, noise level, sensitivity to humidity, and linearity of the instrument(s), including generating calibration curves.

3.  Measure the amount of SO2 in the ambient air over the course of a few days, and discuss the diurnal variation in terms of sources, boundary layer development, mixing, photochemistry, and losses such as wet and dry deposition.

Procedure:

1.  Read the instruction manuals, and complete the qualifying exam.

2.  Turn on the Thermo Environmental SO2 instrument with the pump off, and connect the outputs to a suitable data acquisition system.  Let the instrument warm up until the signal is stable, about 10 min.  Set the range to the most sensitive level, set the time response to the shortest time and adjust the zero.  Verify that your DAS is on an appropriate setting.

3. Calculate the standard deviation of the SO2 readings, create a histogram, and check for fit to a normal or Gaussian distribution.  Check and record the temperature and pressure.  Compute a detection limit.

4. Turn on the pump and let the system equilibrate about 5 min.  Check for leaks.

5. Connect the instrument to the compressed air cylinder.  Compare the signal with and without scrubbing on compressed air.  Repeat for ambient air from the lab. Does the detection limit change?

6. Connect the compressed air and calibration gas to appropriate MFCs to generate an SO2 level of about 10-100 ppb to determine linearity and draw a calibration curve.

7. Try changing the RH of the air sampled – this can be done with a dryer such as Nafion or by adding moisture with a bubbler.

8. Monitor outdoor ambient SO2 for a day or longer; keep an eye on the weather, it may affect your results.

Hints:  Please use a filter for particles when sampling ambient air.  Remember that SO2 is a reactive gas and is destroyed by contact with many surfaces, especially brass and some plastics.

For the Report:  Calculate the detection limit for a specific signal-to-noise ratio, confidence interval (2σ level), and integration time.  Can you improve the detection limit with greater averaging times?   Do you think there is any limit to the averaging time that can be used?  From the literature, find the USEPA ambient air quality standard for SO2.  Did you experience such concentrations in College Park?  With what uncertainty can these instruments measure such mixing ratios?  Does either instrument seem sensitive to RH?
