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Terminology 

 

Pump – base piece with sensor cell, motor, etc. 

 

ECC Ozone Sensor –  also known as the Cell, Cathode/Anode.  

 

No Lo O3 – no ozone or O3 free or ozone free. 

 

O3 – ozone 

 

ppbv - parts per billion by volume 

 

KI – Potassium Iodide 

 

KBr – Potassium Bromide 

 

Chambers – refer to ECC Ozone Sensor. 

 

Cell Current 

Pump Head – the back pressure exerted on the pump by the sensor cathode electrolyte. 

 

Air Intake Tube – straw 

 

Ozonizer Test Unit – KTU 

 

Cap Condition -by passing ECC Ozone Sensor Cell; no cap on cathode/anode cell. 

 

Ozone Control – Knob on front of KTU (careful pulling/pushing) 

 

Cathode Cap – This cap has two straws that pass thru.  The long straw goes over the Teflon pin 

and the short straw is for air circulation. 

 

Anode Cap – This cap has one pass thru, the short straw is for air circulation. 

 

ECC Sensor – on front of KTU panel is ECC Current 

 

12 VDC Sonde Motor – on front of KTU panel is Motor Current 
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Introduction 

 

Introduction to the ElectroChemical Concentration (ECC) Ozonesonde  

 
The ElectroChemical Concentration (ECC) ozonesonde has been used for over 50 years to 

measure vertical profiles of ozone from the surface to 30 km altitude or more.   Stations around 

the world launch the ECC ozonesonde to support a variety of research objectives.  The ECC 

ozonesonde can be viewed as an ozone powered battery.   The amount of current generated in 

the battery is directly related to the atmospheric ozone concentration.  The current is 

converted to a voltage in the interface card and this data along with information on the health 

of the sonde systems is digitized and appended to the meteorological information gathered by 

the radiosonde and transmitted to the ground. 

 

The ozone sensor of the ECC ozonesonde is made of two bright platinum electrodes immersed 

in potassium iodide (KI) solutions of different concentrations contained in separate cathode and 

anode chambers.  The chambers are linked with an ion bridge that, in addition to providing an 

ion pathway, retards mixing of the cathode and anode electrolytes thereby preserving their 

concentrations.  The electrolytes also contain potassium bromide (KBr) and a buffer whose 

concentrations in each half cell are the same.  Driving electromotive force for the cell, of 

approximately 0.13 V, is provided by the difference in potassium iodide concentrations in the 

two half cells.   

 

When ozone in air enters the sensor, iodine is formed in the cathode half cell according to the 

relation 

 

                      2KI + O3 + H2O → 2KOH + I2 + O2.                                (1) 

 

The cell converts the iodine to iodide according to 

 

                     I2 + 2e → 2 I-                                                 (2) 

 

during which time two electrons flow in the cell's external circuit.  Measurement of the electron 

flow (i.e., the cell current), together with the rate at which ozone enters the cell per unit 

time, enables ozone concentrations in the sampled air to be derived from 

 

    p3 = 4.307 x 10-3(im-ib)Tpt                                  (3) 
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where p3 is the ozone partial pressure in nanobars, im is the measured sensor output current in 

microamperes, ib is the sensor background current (i.e., the residual current emanating from 

the cell in the absence of ozone in the air) in microamperes, Tp is the pump temperature in 

kelvins, and t is the time in seconds taken by the sonde gas sampling pump to force 100 ml of 

air through the sensor.  As a volume mixing ratio in air, the measured ozone is derived from  

       O3(ppbv) = 1000p3/P = 4.307(im - ib)Tp t/P                (4)  

where O3(ppbv) is the measured ozone in parts per billion by volume and P is the ambient air 

pressure in millibars. 

 

Air is forced through the ECC sensor by means of a non-reactive pump fabricated from TFE 

Teflon impregnated with glass fibers.  A unique design permits pump operation without ozone-

destroying lubricants.  O-rings fitted externally on the pump cylinder press against thin, flexible 

portions of the cylinder to maintain an air-tight seal between the piston and cylinder.  Pumping 

efficiency for such pumps varies with ambient air pressure, and depends upon pump leakage, 

the pump dead volume, and the pump head (the back pressure exerted on the pump by the 

sensor cathode electrolyte).   
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Sonde Test Configurations 

Several preparation steps are required to prepare and ECC ozonesonde for flight.  Note that 

there are also many good resources available online that describe ozonesonde preparation.  

 Conditioning and preparation of the ECC ozonesonde requires a source of ozone, 12 

VDC power supply and low current measurement meter.   The KTU test unit sold by EN-

SCI provides all of these functions in a single instrument.   In the following discussion the 

conditioning and  preparation of the ECC ozone sonde will be done using the KTU-3.   
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Designation of ECC Sonde Components 
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ECC Sensor Cell 
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Unless Noted, Sonde is connected to 12 VDC and Cell connected to ECC Sensor.   

Note color match of wires for Cell to ECC Sensor connection.   White>White, 

Blue>Black. 

Best Practice is to tape ECC Ozonesonde base down to bench prior to turning on.  The 

ECC Ozonesonde will move around. 

 

 

No – LO O3 Air or PUMP 

CURRENT MEASUREMENT 

 

Insert Sonde inlet tube 3 cm 

into NO-LO O3 port.  Or 

connect portable ozone 

destruction filter. 

 

KTU POWER on. 

 

KTU 12 VDC on. 

 

KTU AIR PUMP on. 

 

 

 

 

 

 
 

 

This is what the set up will be  for 

the day of flight. 
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PUMP PRESSURE 
 

Connect gauge to outlet of 

sonde pump. 

 

KTU POWER on. 

 

KTU 12 VDC on 
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It is critical to use care when dumping solutions from the cells or adding new solutions 

that there is no cross contamination between the solutions and the cells.   If there is 

concern that the syringes or cells or caps have been contaminated the items should be 

rinsed with distilled water and then filled with fresh solution and those solutions 

discarded. 

 

 

 

 

 

 

 

Filling the Cells 

 

Use the syringe to fill the 

cells with the proper solution.  

Syringes are marked red 

band is for Anode Solution; 

no band one is for Cathode 

Solution. 

 

Take care that when 

removing the syringe from 

the cell that a drop does not 

fall off the tube and cross 

contaminate opposite cell or 

cap.   

 

Best practice is to remove 

cap from each cell one at a 

time to avoid cross 

contamination. 
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Installing Cap on the 

Cathode Cell  

 

The exit tube on the cathode 

cap must be installed over the 

Teflon pin in the center of the 

cathode cell.  This keeps the 

exit tube centered in the cell. 
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HIGH O3-Conditioning the 

cap 
 

Connect sonde inlet tube to HI 

O3 port.  

 

Remove cap from cathode 

cell. 

 

KTU POWER on. 

 

KTU 12 VDC on. 

 

KTU AIR PUMP on. 

 

KTU UV LAMP on. 

 

Pull OZONE CONTROL 

gently slide all the way out.   

 

Connect Laboratory filter on 

exit of cap.  Runs for 30 

minutes. 

 

Note: The connection must be 

air-tight since it is the sonde 

pump that draws highly 

ozonized air from the 

Ozonizer/Test Unit into the 

pump and dry sensor. 
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5µA O3 
Insert Sonde inlet tube 3 cm 

into NO-LO O3 port or use 

portable ozone destruction 

filter. 

 

KTU POWER on. 

 

KTU 12 VDC on. 

 

KTU AIR PUMP on. 

 

KTU UV LAMP on, adjust 

OZONE CONTROL carefully 

to get to 5µA +/-0.2 µA. 

 

To switch to No O3, turn the 

UV lamp off or or use portable 

ozone destruction filter. 

 

 

Please note to gently push 

Ozone Control in till it stops.   

 

NOTE:  If the sonde does not 

have any measurable 

current, there is a probably a 

broken weld in the cells.  

Contact EN-SCI (sales@EN-

SCI.com).   
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Shorting Plug 

 

ALWAYS SHORT CELL 

LEADS, with shorting plug.  

 

Please remember to do so 

after each conditioning 

session. 

 

 

NOTE:  Shorting plug must 

be used whenever the 

instrument is not actively 

measured and the Anode and 

Cathode cel are wet. 

 

 

Flow Rate Measurement 

 

Connect bubble flow meter to 

outlet of sonde pump. 

 

KTU POWER on. 

 

KTU 12 VDC on. 
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Troubleshooting 

 

Problem Solution 

The sonde does not have any measurable 

current. 

There is probably a broken weld or 

compromised ion bridge.  Contact EN-SCI 

(sales@EN-SCI.com) 

If the pump current is more than 120 mA <. Let the sonde run for one hour.   Repeat 

the current measurement.  If it does not 

read less than 120 ma, please contact EN-

SCI (sales@EN-SCI.com). 

If the pump pressure does not reach 8 psi. Do not connect the line to the cathode cell.  

With the pump running, squirt a few ml of 

acetone into the inlet straw, and allow the 

pump to run for 30 minutes.   Check the 

pump pressure again.  Repeat one more 

time if it does not reach 8 psi, then contact 

EN-SCI (sales@EN-SCI.com).   

 

If ECC current is not less than 0.8 uA. 

(Initial Preparation or Final Conditioning) 

Repeat measurements starting at step 9 

on checksheet.   If it fails again, use fresh 

solution from the stock solution bottle. 

If response time is not less than 120 

seconds. 

Repeat measurements starting at step 9.  

If it fails again, use fresh solution from the 

stock solution bottle. 

If ECC current is not less than 0.8 uA. 

(Initial Preparation) 

Replace cell solutions, both anode and 

cathode, and start at step 18.   If the 

measurement fails again use fresh 

solution from the stock solution bottle and 

start at step 18. 
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Data System Hardware Set Up 

Antenna, amplifier and radio setup 

 

 
Photograph of the assembled ground station.    

 

All of the components with the exception of the customer provided laptop, are packed in the 

carrying case.   Use care when unpacking the antenna as the elements can be bent if they are 

hooked on the edge of the case or the foam insets.  If they are significantly bent, the receiving 

characteristics of the antenna can be changed and the performance will suffer. 
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Extend the tripod legs and setup the tripod.   The tab on the mount at the top of the tripod 

needs to be pulled down to install the stub mounted on the antenna.   The antenna stub has a 

specific orientation to fit in the mount, and make sure that it is seated before releasing the 

tab. 
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Clip the preamplifier to one of the legs on the tripod.  The shorter of the cables with the large 

connector on the preamp box will go to the antenna.  Make the knurled nut finger tight. 

 

 
NOTE:  Keep box sealed; this is for illustration only. 
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The longer cable will go to the SDR Play radio.   There are two connectors on the radio that will 

accept the cable.   It is critical that the cable is connected to the ANT B connector.  This 

provides power to the preamplifier. 

 

 

  
Figure 3.  Connections to the SDRplay radio.  The cable from the preamp must go to the 

ANT D connector on the radio. 

 

No components will be damaged if the cable is connected to the wrong connector, but the 

system will work poorly or not at all. 

 

SDR Radio Installation 
The Software Designated Radio (SDR) is a major step forward for radiosonde systems.   This 

allows a low cost radio to be used and have flexibility through computer control. 

 

The radio should not be connected to the computer until the installer program requests the 

radio to be plugged in.  Run the SRRplay_SDRuno_Installer_1.31.exe program.  This is included 

on the memory stick with the system.   Follow the prompts to install the cable to the SDRplay 

radio as requested. 
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Skysonde Software  

There are three software programs used with the balloon data system.   These are, 

 

 -Balloon Prediction.   This program will project the balloon flight path and package 

landing location. 

 

 -Skysonde Server.   This program controls the data acquisition and recording. 

 

 -Skysonde Client.   Operates in conjunction with Skysonde Server to provide data 

visualization. 

 

These programs are included on the memory stick supplied with the sonde systems.  The 

supplied manuals are attached in Appendix XX.  Some sections of Skysonde Software manuals 

are obsolete, and also contain sections that are not relevant.  All of the programs with the 

exception of the SDR Installer are developed by the United States NOAA  Earth Systems Research 

Laboratory.   Details can be found at 

 

https://www.esrl.noaa.gov/gmd/ozwv/wvap/sw.html 

 

Balloon Prediction 

 
Figure 1 shows the Options tab for the balloon prediction program.  Enter the details for the 

launch site, and estimated landing elevation.   The default value of 29 km for burst altitude is 

a useful default, until there is more experience with what the typical burst altitude will be. 

 

https://www.esrl.noaa.gov/gmd/ozwv/wvap/sw.html
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Figure 1 XX.   Options tab for balloon prediction program. 

 

Set the rise rate at Bursting Balloon, Slow.   Select the time for launch.    It is recommended to 

use the GFS Model prediction for the flight.    

 

The Map tab will show the flight track, giving the ascent track, burst point and decent track to 

landing point.   The available wind soundings to initialize the model in India are limited, so the 

prediction will have a larger amount of uncertainty. 

 

The Fill Calculation only needs to be run once for a site, as the changes in temperature, 

barometric pressure and RH will only adjust the payoff weight 10-20 grams.   It is not worth 

adjusting the payoff weight for those small changes. 
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Skysonde Server 

 
The Skysonde Server takes the data from the SDR unit and the user can see that packets are 

coming in through the lights on the display.   The server needs to be setup to communicate 

with the SDR by opening the Data Source tab.   Two options are available: 

 Software-Define Radio SDRplay RSP2 (Normal performance, low CPU) 

Software-Define Radio SDRplay RSP2 (Good performance, high CPU) 

  

Depending on the capability of the computer, the “Normal” is recommended for slow computer 

processors, and the “good” for more powerful computers.  Once the correct option is selected 

the program will remember that option and it should not need to be set again. For most laptop 

computers the “good” performance is recommended as there is sufficient computing power to 

handle the SDR radio. 

 

 The balloon flight can be tracked on the map in real time, if the computer has internet 

access when the Skysonde Server program is started.   If internet access is made later the 

balloon flight will not be tracked. 

 

Run the Skysonde server and the frequency spectrum window will open.  Set the frequency in 

the top left window to the frequency you plan to use.  Make sure the radiosonde is not turned 

on at this time.  The spectrum should show noise with no signal reception.   
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Frequency spectrum showing no signal received. 

 

If there is a signal peak present this means that some device is transmitting at that frequency 

and it is recommended that another frequency has been chosen.  Once a suitably frequency has 

been selected, turn on the radiosonde.   A signal peak will appear in the spectrum.   Adjust the 

frequency so that the cursor is in the middle of the peak shown on the frequency spectrum 

display. 
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Frequency spectrum showing signal from a radiosonde.   Adjust the 

frequency so that the cursor is in the middle of the received signal. 
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Skysonde Client 
 

The skysonde client software needs to be setup for the specific station and data input is 

required for each launch giving serial numbers of the sondes and the operational performance.    

The client program can also be used to reprocess the data, allowing for changes in pump 

efficiency, background current, pump flow or other parameters. 

Figure XX shows the Acquisition tab. 

 

 
Skysonde Client Acquisition Tab. 

 

The Hygrometer, Mult. Inst, and Other tabs are not used unless additional instruments are 

added to the flight package. 

 

 

It is critical that the data be entered into the Skysonde Client program for all of the relevant 

sonde parameters.   This way they are embedded in the data file and later data analysis and 

concerns can be reduced.    

 

 

In the STATION tab, station data will need to be entered and can be saved and archived for 

new launch sites.   Once these are saved they can be recalled. 

 

For the BALLOON, OZONE and OZONE META tabs, enter in all of the required data for the 

particular launch.  Once this data has been entered, click OK, and the Client menu will open. 
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It is important to review the critical parameters of voltages, pressures, temperatures before 

launch to determine that the sonde package is working properly.   Click next to the boxes that 

you wish to have plotted during the flight.  The software is setup for automatic launch detection 

so the plots will then switch to flight mode. 
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Balloon Launch 
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ECC Ozonesonde 

Balloon 

Reel/Unwinder 

1.5 Meter (4.9 ft) 

Anti-Spin Disc 

1 Meter (3.3 ft) length of 

cord 

Reel down 1 Meter (3.3 ft) or 

less length of cord 
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Unpack the parachute.   The strings tangle easily, use care when opening the package and 
then unwrap the unit from the anti spin disc, which is the flat disc with the 4 holes in it.   
Fluff the parachute by holding on to the anti spin disc and rapidly pulling it through the 
air and letting the parachute open. 

 
Carefully set the parachute aside, 
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Unpack the reel down unit, and loop the cord in a figure 8 around the two brass rods at 
the bottom of the unit.   Pull gently on the cord and the cord should pay out in an 
incremental manner.   If there is more than about one meter of cord extending from the 
reel down unit wind it back up so that about one meter of cord is free. 
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Cut a length of cord about 2 meters long, loop it through the loop tab on the anti spin disc 
and tie the ends together.   Then loop this over the rod at the top of the reel down unit. 

  
 Carefully set the reel down and parachute assembly aside. 
 
 Clean a floor space approximately 3 meters (9.84252 feet) by 3 meters (9.84252 feet).   
The balloons are latex rubber and very thin and can be easily damaged if any debris are 
present.   A damaged balloon will burst prematurely at a lower than desired altitude.   If 
this is a concrete surface that is not smooth, lay down a tarp to protect the balloon. 
 
Unroll the balloon from the package, taking care to just hold the balloon by the neck.  
 
Use the bag the balloon was packaged in as a glove if you need to touch the balloon 
envelope.  Oil from your fingers can damage the balloon envelope and again cause 
premature bursting. 
 
Fit the balloon neck over the fill inlet unit.   Make sure the fill inlet unit matches the neck 
size of the balloon.   If it is not tight, the inlet needs to be modified or a proper size inlet 
configured.  If the balloon neck is snug over the fill unit, but not tight, tie a cord around 
the neck to insure it does not come off during inflation. 
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Connect the ballast weight and the payoff weight to the fill unit cord loops. 
Inflate the balloon until the payoff weight is just lifting off the ground 
  
 
 
Measure approximately 2 meters (6.56168 feet) length of cord and tie it around the neck 
of the balloon just above the fill unit.  This way the tie off point is about in the middle of 
the cord.    



ECC Ozonesonde Operation Manual 

 

DOC-1051 Rev A 3 5  
© 2019 EN-SCI 

 

 

 
 

 Tie the two ends of the cord together and tie a loop in the cord about 10 cm (3.93701 
inches) up from the end.   The ballast weight can then be clipped to the upper loop of 
cord, and the balloon taken off the fill unit. 

 

 Tie the cord on the top of the parachute to the lower loop of cord on the balloon.   If the 
launch is taking place on a very windy day, it is recommended that the cord at the top of 
the parachute be replaced with heavier cord as there is a lot of strain on the cord during 
the launch. 

 

 The sonde package should be closed up just before the launch to avoid the unit 
overheating in the insulated box.  Tie the sonde package to the cord extending down from 
the reeldown unit.    
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 It is recommended that two persons conduct the launch, one holding the balloon, and the 
other person supporting the flight train.    On windy launch days the flight train should be 
carried out first and then the balloon.   In the launch run the cord through your fingers 
slowly allowing the flight train to become taut.   The sonde package should be released 
just as the cord between the reel down and the sonde package becomes taut.  It is 
imperative that the sonde package not bounce on the ground during the launch. 
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APPENDIX 
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CATHODE and ANODE SOLUTION 

 

Cathode Solution: 

 

To make 1 liter of 0.5% KI Buffered cathode solution: 

1.  Add approximately 500 ml (16.9 oz) of distilled or deionized water to a clean 1000 

ml (33.8 oz) volumetric flask. 

2.  Use an accurate scale or balance ( ~ ± 0.02 grams accuracy).  Place a weighing 

 boat on the scale and tare to zero grams. 

3.  Measure 5.00 grams of KI (potassium iodide) on the tared weigh boat.  

     Then transfer the 5.00 grams of KI to the water in the volumetric flask. 

4.  Add few ml. of distilled or deionized water to flush any KI 

     that may be sticking to the inside of the flask neck.     

5.  Weigh and add 12.50 grams of KBr (potassium bromide) to the flask. 

6.   Use care to check the formula and water associated with the sodium 

 phosphate chemicals used in the next two steps 

7.  Weigh and add 0.63 grams of NaH2PO4 • H2O 

     (sodium phosphate monobasic monohydrate) to the flask.  

8.  Weigh and add 1.87 grams of Na2HPO4 • 7H2O 

     (sodium phosphate, dibasic, 7-hydrate) to the flask.  

9.  Rinse in all chemicals that may be sticking to neck of flask. Then swirl flask around 

to dissolve most of chemicals. 

10.  Add distilled or deionized water to make up 1000.0 ml (33.8 oz) mark of the 

volumetric flask. 

11.  Invert flask several times to thoroughly mix solution. Allow cathode solution to sit 

in the dark in the volumetric flask for another ~10 minutes and invert a couple more 

times to be sure all the salts are dissolved.  

12.  Transfer cathode solution to the 1000 ml (33.8 oz) clean, amber Nalgene bottle. 

 

 

IF: Sodium Phosphate Monobasic Monohydrate (NaH2PO4 • H2O) or Sodium 

Phosphate, Dibasic, 7-hydrate (Na2HPO4 • 7H2O) is not available please contact EN-

SCI at sales@en-sci.com. 
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Anode Solution:  

 

To make anode solution start with cathode solution saturated with KI: 

1. Rinse out 125ml (4 oz) amber bottle with a few ml. of cathode solution. 
2. Discard the cathode rinse. 
3. Tare the empty anode bottle to zero on scale. 
4. Add 80 grams of KI to the anode bottle (125 ml dark bottle). 
5. Reset tare to zero so it is easier to determine how much cathode solution 
  is being added. 

6. Carefully pour in about 60 grams (or ml.) of cathode solution to anode bottle.  
7. The next day the anode solution will be KI-saturated. There must be crystals of    

white KI visible at the bottom of the anode solution bottle to indicate it is fully 

saturated.   If crystals are not present, add 10 grams of KI, wait one day.   If there 

still not crystals present in the bottle add another 10 gm of KI.  There must be 

crystals present in the bottle when the solution is used. 

8. Let the solutions sit for a minimum of two weeks.  Anode solution will start to 
develop a yellow tint. 

9. Solutions should be good for a year if stored in sealed, amber bottles at room 
temperature.  Anode may be dark yellow, rusty color by this time. It is still fine. 

10. The anode solution will be consumed before the cathode solution.   When it is 
necessary to make new anode solution, empty the bottle of any remaining 
solution and solid KI, rise with distilled water and prepare the solution starting 
with step #1 above. 

 

 

 

For working solutions with the sondes, the anode solution can be taken directly from the 

125 ml (4 oz.) bottle.   The 250 ml (8.5 oz) bottle should be filled with cathode solution 

from the 1 liter (33.8 oz.) bottle.   This 250 ml (8.5 oz.) bottle should be used for working 

with the sondes.    
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Links 
 

Link to the NOAA website with programs and details on their ozonesonde program: 

 

https://www.esrl.noaa.gov/gmd/ozwv/wvap/sw.html 

http://vimeo.com/71603488  - visual reference only 

 

 

Link to the SHADOZ web site: 

 

https://tropo.gsfc.nasa.gov/shadoz/ 

 

 

Link to recent paper on laboratory studies comparing ozonesonde techniques: 

 

https://journals.ametsoc.org/doi/full/10.1175/BAMS-D-17-0311.1 

 

 

Videos of balloon prep as well as other video on ballooning: 

 

 

https://vimeo.com/207868473 

 

 

Inflation and launching of a weather balloon: 

 

https://www.facebook.com/video/video.php?v=144659178957635 

  

https://www.esrl.noaa.gov/gmd/ozwv/wvap/sw.html
http://vimeo.com/71603488
https://tropo.gsfc.nasa.gov/shadoz/
https://journals.ametsoc.org/doi/full/10.1175/BAMS-D-17-0311.1
https://vimeo.com/207868473
https://www.facebook.com/video/video.php?v=144659178957635
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