ADVANCED OZONESONDE  PREPARATION
3-7 days before flight.

The advanced preparation steps are the first check on the ozonesonde pump and sensor cell performance. The addition of the sensor solutions several days before the actual balloon flight allows the cell to attain a low background current. Preparation should be done in a clean room environment.
A record of the pre-flight preparation should be made using a checkout sheet and this should be kept in an archive for future reference.

An example checkout sheet is included as part of this report.  

In the example sheet each empty box should be filled in with a value from the pre-flight test and the empty circles are checked off when the indicated step is completed. There is also a panel on the sheet for recording factory information for the ECC sonde and Vaisala interface (if used) which can be written down.

An electronic count-down timer is a useful aid for some of the following steps.
1. Begin a new ozonesonde check list.

2. Switch ‘ON’ the ozonizer/test unit power and air pump to begin zero ozone air flow.

3. Remove the ozonesonde from the white polystyrene box.  Connect the ozonesonde intake tube to the pump intake port side of the ozonesonde Teflon pump. Disconnect the cathode tubing from the pump outlet port
.

4. Connect the ozonesonde pump motor leads to ozonizer/test unit 12 volt DC power terminals. Insert the intake tube into the no/low ozone outlet. Switch on ozonesonde power and run for 10 minutes sampling clean, zero ozone air. At the end of this period record the initial motor current (proper current should be < 100 mA). Then disconnect the intake tube, and with a pressure/vacuum gauge measure:

a) Pump Head Pressure from pump outlet (should be > 70 kPa or 10 psi)

b) Pump Vacuum from pump inlet port (should be > 40 cm or 16 inches Hg vacuum
) 

5. Re-connect the ozonesonde air intake tube and the cathode tubing. Insert the intake tube into the high ozone outlet of the ozonizer/test unit. Turn on the UV lamp and fully pull out the ozone control/shield tube. Turn on the ozonesonde pump and sample high ozone for 30 minutes to condition the intake tube, pump, cathode tubing and cathode cell chamber. Switch off the ozonizer/test unit air pump during this period. Avoid breathing the high ozone air exhaust or connect the cathode exhaust tubing to a Drierite desiccant column or other filter.

6. Turn the ozonizer/test unit air pump back on. Turn off the UV lamp and push the ozone control shield all the way back in. Withdraw the intake tube from the high ozone outlet and move into the no/low ozone outlet. Run for 5 minutes sampling clean, zero ozone air.

7. Remove the cathode and anode caps and place them on a clean surface, taking care not to handle the lower parts that normall sit inside the cell. Add 3 ml of cathode solution to the cathode cell using a syringe reserved for this purpose. Replace the cathode cap by carefully sliding the long section of the tube over the Teflon rod protruding up from the bottom of the cell. Only when the tube is positioned correctly by the rod can the cap be pushed safely all the way into the top of the cell. Wait 2 minutes to allow the cathode solution to permeate the ion bridge. Then add 1.5 ml of anode solution to the anode cell using a separate syringe reserved for anode solution then replace the anode cap. 

8. Disconnect the cell sensor leads from the electronic interface board and connect to the ozonizer/test unit microammeter leads.  Run the ozonesonde for 10 minutes while sampling clean, zero ozone air. 

9. While the ozonesonde continues to sample air from the no/low ozone port, turn on the UV lamp on the ozonizer test unit and pull out the ozone control shield about 3 to 4 cm.  Make additional adjustments to the position of the ozone control shield until a relatively steady current of 5 µA is observed on the microammeter. Continue sampling for 5 minutes 
making small adjustments to the ozone control shield as necessary.
10. After 5 minutes have elapsed then SIMULTANIOUSLY turn off the UV lamp and start the stopwatch. Check that the microamp current drops by 70-80% in one minute (5 µA to 1.0 - 1.5 µA). Continue sampling clean, zero ozone air for 9-10 minutes. The microammeter reading will slowly decay to values within the 0.2 to 0.6 µA range.
11. Turn off all ozonizer/test unit switches. 
12. Nearly fill the cathode cell by adding about 2.5 additional ml of cathode solution. Connect a shorting plug to the ozonesonde cell leads. Store the ozonesonde inside a plastic bag in a dark, clean environment.

Note: Rinse syringes with distilled water after use. Place the bottle caps back on cathode and anode solution bottles immediately after use.

-----------------------------------------------------------------------------

Jonathan Davies: contributions start:

FINAL PRE-FLIGHT PREPARATION

These final pre-flight procedures are to be completed less than 24 hours before the sonde is launched but in case of a delay can be repeated.  

On the day before release you should have on hand two or more instruments which have been checked for proper operation (from advanced ozonesonde preparation) and filled with sensing solution at least three days earlier.  Use the sonde that has been filled with solution for the longest time first. Stored instruments should have solutions replaced approximately every two weeks.





CHANGE THE SENSING SOLUTIONS

13. First, remove the sonde from the plastic bag and Styrofoam flight box and disconnect the shorting plug
.  Inspect the cell caps for KI salt crystals or white film.  If either of these is present rinse them away with distilled water and wipe dry the anode and cathode caps with a clean, lint free tissue before removing them.

14. Disconnect the cathode tubing from the outlet (exhaust) port of the Teflon pump then using a pair of small pliers, remove the cathode cap from the cell.  While holding the cap with the pliers rinse the section of tubing that normally sits inside the cathode chamber solution and shake off the excess droplets from the rinse solution.  

15. Place the cathode cap on a clean surface, again taking care not to handle the lower parts. Remove the anode cap and place that on a clean surface also.

16. Dump the solution out of both sensing cells by inverting the sonde over a sink or other suitable receptacle.  Take care not to spill solution on other parts of the instrument while doing this.

17. Recharge 
the ozonesonde with new solutions by adding 3.0 ml of fresh cathode solution to the cathode cell using a syringe reserved for this purpose then add 1.5 ml of anode solution to the anode chamber using a separate syringe reserved for anode solution. Note: The 2-minute wait period is not needed at this point because the ion bridge should already be saturated
.  
18. Replace the cathode cap by carefully sliding the long tube protruding out of the bottom of the cap over the Teflon rod protruding up from the bottom of the cell.  Only when the tube is positioned correctly by the rod can the cap be pushed safely all the way into the top of the cell.

19. Reconnect the tube from the cathode cap to the pump outlet port and replace the anode cap.

20. Flush the syringes with distilled water before storing. 

From this point on the ozonesonde should always remain upright.

CONNECT THE OZONESONDE TO THE OZONIZER TEST UNIT

21. Turn the ozonizer test unit and air pump on to allow it to warm up for several minutes before the ozonesonde performance checks are started.
22. Disconnect the shorting plug from the sensor leads.  Connect the pump motor and sensor leads from the ozone sonde to the ozonizer test unit.  This may require partially disconnecting the interface board first depending on the type of interface used.  By means of a small piece of sandpaper or emery cloth, push fit one end of the air intake tube into the sonde pump inlet.  The other end of the tube should be inserted a few centimeters into the no/low ozone port of the ozonizer/test unit.  

23. Configure the ozonizer/test unit to produce ozone-free air (lamp off) and run the ECC pump motor for 10 minutes using the 12 VDC power supply in the ozonizer test unit.  After the 10 minutes have elapsed, read the cell background current off the microameter and record this value as ‘ib0’ on the checkout sheet to two digits after the decimal place.

DECAY TEST

24. With the sonde motor still running and the sonde continuing to sample air from the no/low ozone port, turn on the UV lamp on the ozonizer test unit and pull out the ozone control shield slightly. Make small adjustments to the position of the ozone control shield until a fairly steady current of 5µA is observed on the microameter, then with a stopwatch start timing a 5 minute interval.  Continue to make small adjustments to the ozone control shield as necessary to keep the sonde output near 5µA.

25. After 5 
minutes have elapsed record the sonde current on the checkout sheet as the ‘initial current’ and then SIMULTANEOUSLY turn off the UV lamp and start the stopwatch.

26. Push the ozone control shield back into the ozonizer front panel and record the current indicated on the microammeter on to the checkout sheet after one half, one, two, three, five and 10 minutes minutes have elapsed from the moment the UV lamp was turned off.

27. 

28. If the sonde current recorded at the one minute interval is less than 20% of the initial current (near 5 μA),  the sonde has passed the decay test and can continue to the flow rate measurement.  Otherwise corrective action is required.

Bryan Johnson – contribution start

FLOW RATE (T100 time) AND FINAL BACKGROUND MEAUREMENT:
29. After a successful ozonesonde response (decay) test, continue running the instrument on ozone-free air. Connect the soap bubble flow apparatus to the exhaust port of the cathode cell. Slowly squeeze the flow apparatus bulb until a steady column of soap bubbles are flowing up the glass burette tube. Continue until the entire glass column is thoroughly wet.

30. Once the inside walls of the glass column are clear of bubbles then record 5 flowrates (seconds per 100 cm3) to the nearest hundredth of a second using a stopwatch. Record the room temperature and relative humidity on the checkout sheet and use these values to obtain the approximate correction factor from the “flow correction factor” table in Appendix C. Multiply the average flow by the corresponding humidity correction factor from the table and write the corrected flow rate (seconds per 100 cm3) in the checkout sheet. Record the background value as ib1.

31. Turn OFF the 12 VDC SONDE MOTOR power and disconnect the bubble flow apparatus. Disconnect the sensor leads from the ozonizer/test unit and connect the leads to the sonde electronics interface board.

PREPARE THE SONDE BOX FOR FLIGHT: 

The following assumes a wet cell battery is being used. If this is not the case some of the following procedure will be slightly different.

32. Attach the meteorological radiosonde to the side of the polystyrene box with double stick and/or other tape but do not interfere with the front flap where the battery compartment and temperature sensor are located until the sensor and battery are in place for flight. 

33. Connect all radiosonde and ozonesonde interface cables. 

34. Place a small piece of double stick tape on the bottom of the pump battery and stick the battery to the base of the sonde frame.  Check that the intake tube is firmly in the pump inlet port using a small piece of emery cloth to grasp the tubing. Now place the sonde inside the box with the intake tube resting in the angled slot in the box. Extend the leads from both the battery and the pump motor outside the box so power can be connected and disconnected once the lid is taped closed. Be sure that the battery lead wires do not interfere with the movement of the piston.

35. Before adjusting the temperature sensor to flight position touch firmly a large piece of metal to remove any static electricity you may be carrying (or wear a static-grounding bracelet). Open the radiosonde flap to release the temperature sensor and gently remove the sensor shield cap. Avoid excessive handling or touching of the sensitive sensor boom. 

36. Attach an ozone filter, or provide a zero-ozone air flow, to the ozonesonde intake tube. Connect the 12 VDC SONDE MOTOR power from the ozonizer test unit to the pump and the 18 VDC power to the radiosonde power leads. Turn on power to perform a telemetry check with the data acquisition software. After the telemetry check, turn off all power to the sonde and disconnect the leads from the ozonizer test unit.  

Fill the balloon and prepare the load line before activating the wet cell. 
ACTIVATE THE WET CELL AND PREPARE FOR LAUNCH:

38. Cut open the foil pack containing the battery. Activate the battery by immersing in room temperature tap water in a small non-metallic container, taking care not to get the battery cell leads wet. Wait 3-4 minutes. Lightly shake out excess water. Carefully lift the temperature sensor and place the cell back into the battery compartment of the radiosonde with the wet cell leads extending outside the compartment. 

39. Connect the wet cell battery leads to the radiosonde leads. Leads must be above the wet cell or outside the flap so moisture from the wet cell does not contact the connection.  Lift the temperature sensor boom upward to close the flap. You may place a small piece of tape over flap to prevent it from opening during the flight.  You may also add a supporting narrow piece of tape all the way around the radiosonde and Styrofoam box.

40. Perform a final visual check inside the sonde compartment of the box to be sure that the ozonesonde tubing is firmly in place and no wires or cables are interfering with the sonde piston pump. 

41. Position the box lid and attach by wrapping two full lengths (about 100 cm) of tape all the way around the outside edges of the sonde to hold the lid and radiosonde support tape firmly in place. 

42. Connect the intake tube to an ozone filter or set up to sample from a zero air source. Plug in power.  Check that the data from the telemetry and signal strength is okay.

43. Allow the background to stabilize for 10 minutes while sampling ozone-free air. Record the final backround as ib2 in the checkout sheet.

SURFACE OZONE MEASUREMENT

44. Carefully remove the sonde from the ozone filter and take the sonde package outside. Suspend the sonde about 1.5 meters above ground level. Run for 3 minutes to record surface ozone. 

45. Record the surface pressure from a nearby standard ground measurement that is at approximately the same altitude level as the ozonesonde.  

46. Record the number of minutes the sonde sampled surface air. 

47. Check the incoming data once more.  Then connect the ozonesonde to the balloon train.

READY FOR LAUNCH: 

48. Check that the Radiosonde antenna is pointing down and the radiosonde temperature/humidity sensor boom is out and exposed to the air.

49. LAUNCH BALLOON

50. Record Local and UT date and time of launch on checkout sheet.

NOTE:  Check the pump temperature when the balloon gets close to burst altitude.  The pump temperature should be around 10-20 C at the end of the flight.  If it is warmer than about 20 C then you may need to bore in ventilation holes in the side of the Styrofoam box.  If the pump temperature is cooler than 5 to 10 C then the instrument and sensor cell may be getting too cold and will require a small battery heater placed next to the sonde frame.

END OF FLIGHT

BALLOON TRAIN AND LAUNCHING

The ozonesonde instrument is carried aloft by a rubber balloon filled with hydrogen or helium. In polar regions where temperatures <70deg.C are encountered, plastic 19K, 0.25 mil balloons should be used. The ascent rate of the ozonesonde and balloon burst altitude are related to the weight of the entire ozonesonde balloon train, the amount of lifting gas used to inflate the balloon, balloon size, and environmental conditions (temperature, stability, and sunlight).

The typical rise rate ranges from 250-350 meters per minute, with burst occurring between 28 and 35 km altitude.

The typical balloon train consists of:

1. The ozonesonde instrument.

2. A payout reel (ratchet- type or unwinder with approximately 30-40 meters of string.

3. A parachute to slow the descent after balloon burst.

4. Rubber balloon (typical sizes are 600, 1000, 1200, and 1500 grams).

The proper amount of lifting gas for inflation of the balloon should be approximately 35-50% in excess of the weight of the entire ozonesonde balloon package and train weight (ozonesonde + balloon + payout reel, etc.). This can be adjusted depending on local conditions and experience with previous rise rates and burst altitudes attained.  The lifting gas volume needed is determined by two methods

1. The volume of gas is measured by a meter or the pressure drop measured from the source lifting gas tank pressure gauge.

2.  A dummy weight (weigh-off weight) is used. The lifting gas inflates the balloon until the dummy weight is just lifted (floated) off the floor. This is difficult if done outside under windy conditions.

 An example of the dummy weight calculation using 40% lift is given below:

Weight of ozonesonde + radiosonde package = 800 grams

Weight of payout reel + string                      =   130 grams

Weight of parachute                                      =     80 grams

Total Weight of Package                               = 1010 grams

​​​​​​​​​​​​​​​​​​​                                                                               +    

Weight of balloon                                          = 1200 grams

Total Weight of entire sonde balloon train    =   2210 grams

Dummy weight =  (Total Weight + 40%)  - (weight of balloon)

                          =  2210 x 1.4  - (1200)  =  3094 – 1200 = 1894 grams
Each station may have different routines for balloon train preparation and launching. Here are some general suggestions.

· Always check that the payout reel or unwinder will not jam and will release the line in a steady, slow manner. A typical ratchet payout reel will have one loop of the string going around a cylindrical bar to slow the speed of the line release 

· The typical weather radiosonde unwinder is designed for the small weight of a single radiosonde and should not be used with the ozonesonde package, which typically weighs up to 1 kg. The extra weight could draw out string from the unwinder at a faster rate than the balloon rise rate, resulting in a ground crash at launch. 

· Remove rings, watches or other objects that may scratch the rubber balloon during inflating and handling.

· The balloon can be launched by one person when winds are less than about 15-20 knots.  It is best to hold the rubber neck of the balloon and top of parachute in one hand and the sonde and payout reel in the other when carrying the ozonesonde out of the inflation facility. Slowly let the string and chute up until line is taut at the payout reel and sonde. If the wind is brisk you may have to run with the wind for a few meters just before release.

· Be careful not to make contact with the radiosonde temperature sensor boom with your hands, arms, or string while handling the balloon train during launch.

WEB SITES For Miscellaneous radiosonde or ozonesonde preparations:

http://www.ua.nws.noaa.gov/preparing_for_vaisala_rs80.htm

Trouble Shooting: 
1. No data coming in.

Loose or poor connections from the antenna to the receiver are the most common problem. Check all connections.

Make sure Receiver is adjusted properly for band tuned to the strongest signal and that the attenuate button has not been turned on.

2. High Background.  (greater than about 0.10 microamps).

Change both cathode and anode solutions as outlined in the day of preparation procedure.  Run on filtered air for several minutes. If the background is still high then try ozonesonde on another source of zero-ozone air or a different filter (see Appendix D). If the background is still high consider preparing another ozonesonde.

3. Lots of interference at the 403.6 MHz.
You may have to tune the radiosonde frequency up or down from 403 MHz to a cleaner region in the allowed 400.15 to 406 MHz range to shift away from other possible signals. 

4. Pump temperature does not show a typical value or shows no value.

Check that the pump temperature thermistor is plugged into the interface board and that there are no broken wires.

5.   Pump temperature is too cold or too warm (outside a typical range of 5 to 30 C).

The pump temperature should be between 25-35 C at launch and 5-20 C at burst altitude. 

If pump temperature at burst has been greater than 20 C:

A. Make one or two small ventilation holes (~1/2 cm diameter) in the side of the box.

If pump temperature at burst altitude is less than 10 C: 

A. Add a sealed, non-leaking, air-free water bag or a resistor heater and battery next to the sonde frame. 

B. Make sure the lid is sealed well 

C. Be sure that the starting pump temperature is around 29 to 35 C or warmer.

APPENDIX A:  ECC Ozonesonde Diagram

[image: image1.png]Teflon Pump,

Pump Motor Air Intake Tube

Pump Qutlet Port

Pump Motor
Battery Leads

L

Cathode Cap &
Tubing

Anode Cap

Cathode Cell

Anode Cell





[image: image2.png]



Figure 1. Two ECC ozonesonde instruments. Note that the cathode cell may be either on the left or right side, depending on the manufacturer.

APPENDIX B:  Basic ECC Ozonesonde Principles

The ozonesonde conditioning and preparation procedures outlined in this Standard Operating Procedure (SOP) are designed to obtain accurate and reproducible ozonesonde measurements and to reduce the uncertainties by following a consistent procedure for each ozonesonde being prepared. The ozonesonde measurement, described below, depends on proper sensor output and accurate flow rates. Eliminating or preventing contamination of the ozonesonde Teflon parts and sensor is an important first step in the SOP. Therefore, high ozone conditioning, use of clean zero-ozone air, and use of pure distilled, de-ionized water for KI sensor solutions all help to reduce uncertainties in the sensor operation so the current is more representative of the true ambient ozone levels. It is also important to recognize potential pump problems by checking the pump current, pump pressure, and vacuum. And finally, background currents are reduced by charging the sensor with cathode and anode solutions several days in advance of the actual balloon flight and changing solutions on the day of flight. This extra time allows the sensor cell to equilibrate and the ion bridge to fully saturate. Shorting the cell leads during instrument storage also aids in reducing the background.

The electrochemical concentration cell (ECC) ozonesonde instrument consists of a Teflon piston pump which continuously bubbles ambient air into an ozone sensor. The sensor consists of cathode and anode chambers containing platinum electrodes immersed in solutions of potassium iodide (KI).  The chambers are linked by an ion bridge to allow for the flow of ions. Ozone immediately reacts with iodide in the cathode solution by the reaction:
2KI + O3 + H2O  →    I2  + O2 + 2KOH

The production of I2 during the above reaction generates a slight shift in the equilibrium between the cathode (dilute KI) and anode (saturated KI) chambers. The cell then responds by converting the iodine back to iodide producing a microamp current, which is directly proportional to the ozone mass flow rate bubbled into the cathode solution.

The cell microamp current is converted to ozone partial pressure from Equation (1). The calculation also requires the background current (sampling ozone-free air) and the ozonesonde pump volume flow rate which are measured during the final pre-flight preparation. During the actual balloon ascent, the pump temperature (measured by a thermistor in the Teflon pump block) will decrease or increase so a correction for gas density enters into equation 1 by multiplying by the pump temperature in degrees Kelvin, with the assumption that the pump temperature is nearly equal to the temperature of the gas that is inside the pump piston volume. 

A second correction factor in equation 1 is the correction for the decrease in pump efficiency at low pressures (less than 300 hPa). The ozonesonde manufacturer’s manual gives the recommended pump efficiency correction factor (PCF) to use, which is a function of the ambient pressure, and is already integrated into most ozonesonde telemetry software. 

PO3  = 4.307x10-4 • (I – IBG) • Tp • T100  • PCF



        (1)

Where:

PO3 
Ozone partial pressure (millipascals)
I 
Cell output current (microamperes)

IBG 
Cell background current (typically 0-0.1 μamps)
Tp 
Temperature of sonde pump (K)

T100 
Flow rate in seconds per 100 ml of air flow 

PCF
 Pump flow rate correction factor (1/efficiency)

APPENDIX C:  Flow Rate Humidity Correction Factors

Ozonesonde flow rates are often measured using a soap bubble flow apparatus (100 cm3 burette). The method is simple and accurate. However, there is a small humidity-dependent error (0% to nearly 5%) in the measurement since the volume of gas measured includes the air pumped from the sonde and water vapor that comes from evaporation of the soap solution or cathode solution in the cathode cell after the air exits the Teflon pump. This evaporation effect depends on the temperature and relative humidity of the sampled air. For example, the maximum correction of about 4.9 %  (factor =  1.049) will occur if the flow measurement is made while sampling dry (RH = 0%) zero air at a temperature of 30 C. The following look-up table of “flow rate humidity correction factors” is for a range of typical room temperatures and humidity.

Note: The correction factors are approximate. The table is based on a room pressure of  950 hectopascals.  To apply the humidity correction the measured T100 (seconds per 100cm3) must first be multiplied by the correction factor in the table to obtain the corrected T100 value. Then this flow rate can be converted to other units such as ml/min. 
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APPENDIX D:  Alternative Sources of Filtered or Zero Air

Filtered or zero-ozone air is used during several stages of the ozonesonde conditioning and performance checks. It is important to use high quality ozone-free air, especially during the sensor background measurements. The ozonizer/test unit provides a very good source of zero-ozone air. When the test unit air pump is switched on, ambient air is pumped through a particulate filter and chemical cartridge at approximately 1 liter per minute. The series of cartridges remove nearly all aerosols, dust, ozone, and other trace gases that may affect the ozonesonde sensor. The cartridges are considered to be good for several years if the test unit is used in a clean, relatively dry, non-smoking room. However, other zero-ozone air sources should be considered if the ECC ozonesonde backgrounds have been drifting higher than normal compared to previous flight preparations. This may occur, for example, at tropical sites where the test unit exposure to high humidity air may eventually reduce the effectiveness of the filter cartridges.

In this case other zero-ozone options that may be considered are 1) external pump and canister filters 2) zero-air cylinders

(1).The external pump and canister filters setup shown below consists of a charcoal column used in series with a calcium sulfate (purchased commercially as Drierite) desiccant column that extracts water vapor to give a dry zero-ozone source of air. The output flow rate should be at least 0.6 liters/min, which is about three times the flowrate of the ozonesonde (~ 215 ml/min). Higher flow through the desiccant column is normal but will require more frequent regeneration of the Drierite desiccant. As the indicating Drierite granules absorb moisture they turn pink in color. Regeneration is done by spreading out the granules onto a tray and drying in a warm (~200 C) oven for 1 to 2 hours.

 Each of the columns are approximately 25 to 30 cm in height. An aluminum grating plate and fiber filters are used to hold the desiccant or charcoal granules in place and filter out any smaller particles before the output flow.
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(2) The Zero-Air Cylinder setup is shown below. Zero-air tanks can be obtained from most gas suppliers (tanks may be rented or purchased). Additional items required are a properly sized pressure regulator and a gas flow meter.   

                                                   PRESSURE REGULATOR    

[image: image5.png]



    GAS FLOW METER   ( 0-1 liter/min )                       ZERO AIR CYLINDER

The tanks can be filled (~ 2000 psi, or 13,800 KiloPascals) with:

1. Standard Zero Air which typically has zero ozone, 3ppm water, and a maximum of 0.5 ppm hydrocarbons (HC).

2. Ultra High Purity (UHP) zero air. UHP zero air is the highest grade zero air but not needed for ECC background use. This air ( < 0.1PPM HC) goes through an additional cleaning process to take out a little extra water vapor and HC, therefore it may cost approximately twice as much as standard zero air.

The high cost of shipping pressurized cylinders is one of the only disadvantages for this method. Therefore, extra care must be used to conserve the gas. One option is to only use the zero air for 3-5 minutes when obtaining the final ozone background. Also be sure to immediately close the cylinder valve and turn the gas flow off when finished.

____________________________________________________________________










�PAGE \# "'Page: '#'�'"  ��We don’t disconnect this in Wyoming/McMurdo.  It seems either way is fine, though.


�PAGE \# "'Page: '#'�'"  ��There should be a short table here indicating what vacuum can be expected depending on altitude of testing station (i.e. McMurdo=20 inches Hg, Boulder=16 inches Hg.





�PAGE \# "'Page: '#'�'"  ��We do this for 10 minutes in Wy/McM





�PAGE \# "'Page: '#'�'"  ��This might be better to do after the solution is changed???





�PAGE \# "'Page: '#'�'"  ��We rinse the cathode and anoder chambers with DI water before replacing solution


�PAGE \# "'Page: '#'�'"  �� This short statement should clarify why there is no 2-minute wait during this part of the process


�PAGE \# "'Page: '#'�'"  �� We use 10 minutes in WY/McM


�PAGE \# "'Page: '#'�'"  ��This seems like an unnecessary extra step.
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