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1 Liquid Phase Calibration

1.1 Principles of Liquid-Phase Calibration

Before any measurements can take place, the electrode disc must be calibrated so that the
electrical signal received from the disc can be presented as actual calibrated units (nmol/ml).
Calibrating the disc for liquid-phase measurements involves a two step procedure in which the
signal from the oxygen electrode is referenced to 2 known oxygen concentrations in order to
derive an Offset and Calibration Factor.
The 2 calibration steps are:

Air Line

According to the studies of G.A. Truesdale and A.L. Downing (The solubility of oxygen in water,
1954, Nature 173: 1236), at any given temperature and atmospheric pressure, air saturated,
deionised water contains a known concentration of dissolved oxygen which may be calculated
mathematically. The following information is used by the OxyTrace+  software in order to
accurately reference the electrical signal from the electrode for the air line stage of calibration:
This data is based on measurements of dissolved oxygen in water at the given temperature and
standard atmospheric pressure published by Truesdale & Downing (Nature 173:1236, 1954).

The formula used in calculating the oxygen values in the table is as follows:

Cs=14.16 - (0.394 * T) + (0.007714 * T^2) - (0.0000646 * T^3)
{Where Cs is the oxygen saturated concentration in ppm and T is temperature in °C}

1 ppm is equivalent to 1µg/ml or (1µg/32g/mol) = 0.03125 µmol/ml
                                                                                            or
                                                                                    31.25 nmol/ml

At any atmospheric pressure other than standard atmospheric (760mm Hg or 101.32 KPa), the
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value obtained is adjusted by a factor of:

Current atmospheric pressure
standard atmospheric pressure

The calibration factor is therefore calculated as is shown in the diagram below:

In the example calibration above, the signal measured from the electrode in a stirred sample of
air-saturated, de-ionised water was 1600 nA. In the first step of the calibration, the user is
prompted to enter assay temperature and pressure variables. These entries are referenced against
the look-up tables and formula of Truesdale and Downing (see above) in order to establish the
amount of oxygen present within the chamber. This value, in this example, is 253.4 nmol/ml.
The measured 1600 nA must therefore, be married to the nmol/ml value in order to obtain the
calibration factor.

Zero Oxygen Line

In a perfect world, an oxygen concentration of zero would produce an electrical signal of zero from
the electrode disc. However, the electrode does have what is known as residual current which
does give a small signal in zero oxygen concentration.
It is necessary to subtract the value of signal caused by residual current from all recorded data
points in order to give accurate results. This is known as the Offset. Zero oxygen within the
reaction chamber can be achieved in 2 ways:

· Sodium Dithionite. - The addition of a strong oxygen reducing agent such as sodium dithionite
provides a good method of achieving zero oxygen. However, great care must be taken to remove
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all traces of the dithionite before commencing measurement as even a minute amount of
remaining dithionite will have a serious effect on the oxygen concentration of the sample. Once
removed, the chamber should be thoroughly rinsed with distilled water several times.

IT IS CRUCIAL THAT CARE IS TAKEN, WHEN REMOVING THE SODIUM DITHIONITE AND WATER
FROM THE REACTION VESSEL, THAT THE MEMBRANE OF THE ELECTRODE IS NOT DAMAGED. THE

IDEAL METHOD OF REMOVING LIQUID FROM THE CHAMBER IS TO USE AN ASPIRATOR WITH A
SOFT, RUBBER TIP (MIND THE FLEA!!!). IF AN ASPIRATOR IS NOT AVAILABLE, CAREFULLY USE A

PASTEUR PIPETTE TO REMOVE THE LIQUID.

· Nitrogen. - A more convenient method of achieving zero oxygen is to bubble nitrogen gas
through the liquid in the reaction vessel in order to displace all the oxygen. This method is in
some ways safer than the use of sodium dithionite as there is no risk of contaminating the
actual sample during the measurement and there is less risk of damaging the membrane of the
disc. However, the use of nitrogen is a slower process and to achieve zero line is more difficult
than dithionite.

1.2 Liquid Phase Calibration Process

Once the liquid-phase calibration routine has been selected, OxyTrace +  will generate a series of
prompts to guide you through the calibration process. Please follow the guidelines below to
complete the liquid-phase calibration process.

Air Line

Prepare the disc as described in the Electrode Preparation section, install into the base of the
electrode chamber and connect the electrode disc to the rear of the control unit using the
electrode connection cable. Place 2ml of air saturated, deionised water into the reaction vessel.
Air saturated water is obtained by vigorously shaking a small quantity of deionised water (approx.
50ml) in a large conical flask (approx. 1L). In all systems (with the exception of the Oxytherm
electrode control unit), connect the water jacket of the electrode chamber to the circulating water
bath for temperature control purposes and ensure that the sample and electrode disc equilibrate
to the temperature required by the assay before commencing calibration. Oxytherm users should
set the chamber temperature directly from the OxyTrace +  software temperature settings.

IT IS IMPORTANT TO REMEMBER THAT THE SAMPLE OF AIR SATURATED WATER SHOULD BE
EQUILIBRATED TO THE ASSAY TEMPERATURE BEFORE THE CALIBRATION PROCEDURE BEGINS. IT
CAN BE PRE-EQUILIBRATED IN A WATER BATH OR SIMPLY ALLOWED SUFFICIENT TIME TO REACH

TEMPERATURE ONCE ADDED TO THE REACTION VESSEL.

The liquid-phase calibration sequence is activated either from the Calibrate > Liquid-Phase

Calibration menu option or directly from the  icon on the toolbar. Once activated, the following
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window is generated.

Entering the appropriate temperature and atmospheric pressure into this window allows the
OxyTrace +  software to accurately reference the air line. Whatever signal is recorded from the
electrode disc during the air line phase will be subjected to the formula of Truesdale and Downing
(see Principles of Liquid-Phase Calibration page) in order to derive the calibration factor. Once the
correct variables have been entered into this window, proceed by pressing OK.
The following window is generated.

Assay temperature and ambient pressure variable defined in the previous window are displayed as
confirmation. The stirrer setting should provide efficient, smooth stirring of the sample without
causing a noisy signal. Please refer to the Stirrers section for details on selecting an appropriate
stirring rate. Once the stirrer setting has been selected, proceed by pressing OK. The following
window is generated.
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Observe the mV signal in the window above and wait until the prompt that a plateau has been
reached. Once the signal is deemed to be stable, the OK button should be pressed in order to
proceed.

IN THE CASE OF A NEW OR WELL MAINTAINED ELECTRODE DISC, YOU WOULD IDEALLY EXPECT
TO SEE A SIGNAL OF APPROX. 1600NA (± 240NA) WHEN MEASURING AIR LINE IN AIR SATURATED
WATER. THE ACTUAL SIGNAL LEVEL AT THIS POINT IS NOT CRITICAL; IT IS MORE IMPORTANT
THAT THE SIGNAL IS STABLE WITH MINIMAL NOISE. HOWEVER, IF THE SIGNAL LEVEL IS LOWER
THAN 1300NA, IT COULD INDICATE A PROBLEM WITH THE ELECTRODE ITSELF.

If the signal from the electrode disc does not become stable after several minutes, this could be
indicative of either one or a combination of several problems. For details on how to isolate the
fault to either the electrode disc, the control unit or the electrode connection cable, please refer to
the Electrode Disc Diagnostics section for further information.

Zero Oxygen Line

The second stage of the calibration procedure is to establish the zero oxygen line in order to
determine the Offset (see see Principles of Liquid-Phase Calibration page). To perform this stage,
use either of the following methods:

· Nitrogen gas - bubble nitrogen gas into the reaction vessel in order to displace all the oxygen in
the sample.

· Sodium Dithionite - a few crystals of this strong reducing agent is sufficient to reduce all the
oxygen dissolved in the sample.

·
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IN THE CASE OF A NEW OR WELL MAINTAINED ELECTRODE DISC, YOU WOULD NORMALLY
EXPECT TO SEE A SIGNAL OF LESS THAN 1% OF THE SIGNAL OBSERVED DURING THE AIR LINE
STAGE. FOR EXAMPLE, IF THE AIR LINE SIGNAL WAS 1506 NA, YOU WOULD EXPECT THE ZERO

LINE TO MEASURE LESS THAN 15.06 NA.

If the zero oxygen line recorded from the disc seems to be too high, this could be indicative of one
of several things:

· Insufficient oxygen reduction/removal from sample - sodium dithionite does have a finite shelf-
life. If old dithionite is used, there is a possibility that the oxygen reducing capabilities will be
significantly reduced or absent altogether. Always ensure that sodium dithionite is kept in small
quantities in a clearly labelled air-tight container. Bubbling nitrogen into the chamber must be
performed carefully in order to ensure that all oxygen has been displaced.

· Damaged electrode disc - unfortunately, most cases of high residual current reported are due to
insufficient electrode maintenance. If the electrode is left to dry out after measurements have
been completed, KCl crystallisation can irreversibly damage the disc by penetrating any minute
fissures in the seal between the platinum cathode and the epoxy electrode dome and forcing the
seal apart. This problem has a "snowball" effect as every time the disc is prepared from now on,
KCl will enter the fissures causing them to widen. Please refer to the Electrode Maintenance
section for further information.

· Once the zero oxygen stage has been completed, press OK to proceed. The following window is
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generated.

Details of the completed electrode calibration factor are presented in this window. Click Save
Calibration to store the information or click Exit without saving to discard this calibration factor. If
the calibration has been unsuccessful, OxyTrace +  will display a warning message and an
indication of which parameters have not been successful.

1.3 Manual Calibration Process

Systems are used for measurement of samples in a wide range of different mediums and in some
cases, it is desirable to calibrate the system using the medium in question in place of the air-
saturated distilled water used in the standard, documented calibration routine.

O2view has a built calibration routine that allows a known concentration of oxygen to be assigned
to a signal from the electrode disc.
If an alternative medium is to be used, it is important to remember that the solubility of oxygen in
the medium will more than likely be different to that of distilled water.
The following example shows a manual calibration routine using seawater in place of air-
saturated distilled water.

The oxygen content will depend upon both the salinity and temperature of the water. The oxygen
content of sea water over a range of salinity and temperature has previously been determined by
Green and Carritt (1967) and is presented in the table below.
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ALTHOUGH THIS CALIBRATION ROUTINE HAS BEEN REFERRED TO AS SEAWATER CALIBRATION, IT
IS POSSIBLE TO USE THIS ROUTINE TO CALIBRATE THE SYSTEM USING ANY OTHER MEDIUM

PROVIDED THE OXYGEN CONCENTRATION OF THE MEDIUM IS KNOWN

Performing the Manual Calibration

Prepare the electrode disc and mount it in the electrode chamber. Ensure the disc is responding
correctly before adding the seawater that is to be used for the calibration routine to the electrode
chamber ensuring that the seawater is at the correct temperature for the experiment. Allow the
electrode disc signal to stabilise. From the Menu bar, select Calibrate > Liquid Phase Calibration >
Manual . The following dialogue opens.
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Enter the known oxygen concentration into the Oxygen concentration input. This value will be
referenced to the initial, stable oxygen electrode signal level in place of the standard airline
measurement. Then select the choice of units you wish to use by either selecting one of the given
units or by using 'Other' and entering any units you desire.

Once this step of the calibration routine is complete, the calibration routine is identical to the
standard liquid-phase calibration routine. Please refer to the Liquid-Phase Calibration section for
further information.

1.4 Viewing Calibration Details

Once the system has been successfully calibrated in either liquid or gas-phase, details of the
calibration may be viewed in a separate window. This window is accessed from the Calibrate >
Oxygen Calibration Details option from the menu bar.
All aspects of the calibration are shown in the window as shown in the diagram below:

The Date column is relevant should the apparatus be intended for long measurement assays
lasting more than a day or if the electrode is to be left prepared and in situ (please note that this
should only be performed in liquid-phase electrode chambers as electrodes in gas-phase "dry
out"). A calibration warning interval may be set so that after a given number of days post
calibration, the user is prompted that the calibration has expired when the software is initially run.
Please refer to the Set Oxygen Calibration Warning section for further information.
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1.5 Set Calibration Warning

If the apparatus is intended for long measurement assays lasting more than a day or if the
electrode is to be left prepared and in situ (please note that this should only be performed in
liquid-phase electrode chambers as electrodes in gas-phase "dry out"), a calibration warning
interval may be set so that after a given number of days post calibration, the user is prompted that
the calibration has expired when the software is initially run. A calibration warning can also be set
in the same manner for any auxiliary devices connected to the instrument.

IT IS IMPORTANT TO REMEMBER THAT OVER TIME, A POLARISED DISC BUILDS UP A DEPOSIT OF
BLACK SILVER OXIDE DUE TO THE NATURE OF THE ELECTROCHEMICAL REACTIONS TAKING

PLACE. A DISC THAT IS LEFT MEASURING FOR MORE THAN A DAY MAY BEHAVE DIFFERENTLY AT
THE END OF THE ASSAY THAN AT THE BEGINNING. PLEASE REFER TO THE SECTION LEAVING THE

ELECTRODE DISC POLARISED OVERNIGHT.
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