A GUIDE TO
CONDUCTIVITY AND
DISSOLVED OXYGEN

- the theory and practice of conductivity and dissolved
oXygen measurement



INTRODUCTION

This guide o conductivity and dissolved oxygen measurement Is one of a serles produced
over the past few years, covering analytical echniques such as pH and lon selectlve electrode

Analysls.

As well as an Inslght Into the theorefical aspects of the technigues, sectlons covering
applications and froubleshooting have been Included to make this a comprehensive review of
the measurement of these Important parameters,



CONTENTS

Page
Section 1  Conductivity 4
Introduction 4
Theory of conductivity measurament 5
Temperature effects 8
Applications 9
Measurament of conductivity 10
Troubleshooting guide 1
Glossary of terms 12
Section 2  Dissolved oxygen 14
Introduction 14
Theory of dissolved oxygen measurement 15
Oxygen probes 20
Applications 23
Factors Influencing dissolved oxygen measurement 24
Measurement of dissolved oxygen 26
Troubleshooting guide 27
Glossary of ferms 28



SECTION 1 Conductivity

Introduction

Conductivity |5 measured In a wide range of Industiles and glves a readout of total lonlc
concentrafion within the sarmple solutlon.

In some Industries the nature of the lons Is known and may be present as one molecular
specles. In food manufacturing processes, the conductivity meter becomes a salt meter and 15
used for qualtty control measurement.

By confrast, Industrial effluent and the resultant polluted waterways may contain many lonlc
specles. Conductivity 1s used fo give total lonle strength readings. It glves a means of
maonttoring the bulld-up of contaminants and also the success of water freatment programmes.
Industrial elzaning and sterllising processes use conductivity fo monlfor thelr effectiveness and
also the strength of residual, spent soluflons. Depending on thelr lonle strangth readings, they
may be recycled for further use, or replenished.

The plating Industry will also use conductivity In a similar way, to monltor the strangth of
etching, cleaning and waste solutions.

In general the measurement of conductivity Is rapld and an Inexpensive way of determining
the lonle strength of a solutlon. The main drawback s that 1t 15 a non-speciflc technique.

Varlous lons In solutlon contribute to a total conductivity reading. Some lons contribute more
than others. The presence of organlc alcohals and sugars will give unusable conductivity
results. Some materlals also reduce the accuracy of the technique by coating the sensor.
Temperature effects also contribute to expermental Inaccuracles.

Total Dissalved Sollds (TDS) Is a measurement of the total concenfration of lonlc specles In a
sample. The measurement of solutlon conductivity gives a method by which a TDS value for
the sample solutlon can be determined. The microprocessor controlled meter carrles
converslon factors, which are user selectable, In order to give a TDS value referenced 1o a
collbratlon standard (usually KC1 or CaGoy).



Theory of conductivity measurement

Electricity Is a flow of electrons. This Indlcates that charged particles (lons) will conduct
aleciricity.

Conductivity Is the abllity of a solutlon to pass current. I follows that the amaount of current
flowing Is proportlonal to the number of lons present In the conducting soluflon. Therefore, a
measure of the conductivity will give a direct reading of the solutlon concenfration.

All substances conduct fo some extent. In solution the level of lonle strength vares from the
low conductivity of ultra pure water to the high conductivity of concentrated chemical

samples.
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FIg. 1: lonlc mobllity In solution



Historleally, the measurement of conduchviy was made between two platinum plates (Tem
1cm in size) placed one centimetre apar. This method simplifies the thecretical Interprefation

of results. However, In praciice It results In a plating effect when current flows, and reduces the
conductivity electrode performance. This fype of sensor 15 relatlvely expensive to manufaciure

and fraglls.

1cm

Fig. 2: Traditional 2-plate cel

Because conductivity values are affected by cell geometry, specific conductivity (C) should be
used. This compensates for cell geometry and standardises conductivity measurements.

If the cell 1s filled with a solutlon of conductance, G, the conductivity between the electrodes 13
glven by the exprassion

C=6L
A
where: C = conductivity In Slemens per cm (Sicm)
G = conductance In Slemens (5)
L = distance between electrodes (cm)
A = plate area of the electrodes (cm?)

As the cell dimenslons change, the cell constant varles as the ratlio of L 1o A.



In the traditlonal cell using 1 cm sgquares of platinum, 1 c¢m apart, the cell constant (L/A) Is

1.0 and the conductance reading In microslemens |s numerlcally equal to the conductivity In
pEsfem.

For low conductivity solutlons, the electrode con be placed closer fogether (reducing L) fo glve
cell constants of 0.1 and 0.07 em .

This ralses the conductance between the platinum plates and makes It easler for the electronlc

clrcultry to obtaln a result. Similarly, for high conducting solutlons, L can be Increased to glve
a cell constant of 10.0 or more.

Alternative sensors have been developed to overcome the problems assoclated with tradilonal

cells. They operate on a four ring princlple. These are arranged concentrically, one above the
other, on the probe.
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Fig. 3: 4 ring conductivity cal

An alternating voltage Is applled 1o the fwo outer rings. In the sample solutlon, the voltage
Induces o current, whose magnitude |5 dependent upon the number of lons In solution.
Therefore, the current measured by the Inner sensing rings gives a direct value for the
conductivity of the solution.

The AC current measured 15 converted to a DC value by the electronlc clrcultry within the
sensor. It 1s the DC value that Is converted to a sample resulf by the meter. These
measurements are volume dependent. The outer sheath of the probe ensures that the volume
of sample soluflon remalns constant for all analyses.

By relating the conductivity of a standard solutlon fo Its concentration, a value for Total
Dissolved Sollds (TDS) can also be defermined.



Temperature effects
The conductivity of a solution will Increase with temperature. The effect 1s usually expressed by
a change of conductivity (as a percentage) per degree Celslus.
This Is often called the “slope’ or femperature coefficlent (o) of the solution.

For example, ultra pure water has a slope of 5% / °C whereas concentrated samples may be
at the 1% / °C level. (See table 1 for further examples of o values).

Temnperature senscrs, whose characterstics are simllar to those of the sample solutlons, are
used In conjunctlon with the meter clrculry to determine the exact solutlon femperature and o
display a conductivity reading at a chosen reference temperature (usually 20°C or 25°C).

For accurate measurements, samples and standards should be af a similar temperature,
preferably at the chosen reference termperature,

Subsionce  Conceniration Temperature

@ 26°C % coafficlont (o)
HCl 10 1.56
KCI 10 1.88
Nadl 10 2.14
HF 1.5 720

Table 1: « values




Applications

Industrial heating and cooling systems use recireulating water, Evaporation con lead to o high
level of dissolved sollds resuling In precipitation and scaling within the plant. Conductivity
measurements can monior the effectivenass of these systems and In particular the status of
bollers and cooling towers. Swimming peols and other closed water systems are also
manltored.

In the chemical Industry, the conductivity of effluent streams can quickly Indicate splllage or
leakage problems. Similarly, the envirenmental sector can use conductivity measurements to
highlight pollution problems caused by Industiial outflows.

Chemlcal processes using high purlty, low conductivity water can be monlitored for
contaminants with conductivity measuring equipment.

In solutions, H* and OH™ lons glve high conductivity readings and this forms the basls for
using conductivity as an endpoint detector In acld-based neutrallsation systems.

The preference for a conductivity system over the use of pH electrodes |5 the robustness of the

conductivity probes and the fact that they can operate at higher pressures and temperatures
than conventional pH electrodes.

Pure water 0.055
Distilled water 05
Boller feed water 1.0
Natural streams 1.0
Malns water supply 50.0
Portable water 1060
0.07 M KCI standard 1413
Sea water 50,000
10% NaCH 355,000
31% HNO, 865,000

Table 2: Conductivity values



Measurement of conductivity

Equipment

1. Meter and conductivity electrode
2. Standard solution (84pSfem, 1413pSfem, 12.88mS/cm or 80mS/cm)

Callbration of System

1. Fit sensor fo meter module, ensurng outer sheath Is In place.

2. Swifch on meter module.

3. Callbrate as Instructed In the manual.

4, Wash the probe thoroughly with distilled water fo prevent carryover fo sample solution.

Measurement of Sample

Immerse sensor In sample solution. Measure the sample as Instructed. The result In milll or
microslemnens per centimetre will be displayed.

For TDS readout, select the required factor and follow the Instructions to obtaln a TDS reading
on the mater display.



Troubleshooting guide

Installation
The 4-ring conductivity cell hos o robust, solld state design. Fit the cell to the mater.
Fer optimum performance:

1. Make sure the clear plastic sheath Is In place when measuring.

2. Ensure that the solutlon Is above the cell chamber rings and below the vent hole befora
measuring.

3. To prevent carryover from high to low conductivity solutlons rinse with distilled water
between measurements.

4. Make sure the cell chamber Is bubble free when measuring. To reduce alr bubbles,
Immerse the probe In the salution at an angle and then ralse to a verfical position.

5. Allow sufflclent time for the sensor 1o stabllise when measuring samples of different
temperatures. Manual endpolnting Is advised with these samples.

6. Clean the probe and sheath with distilled water after use.



Glossary of terms

Automatic temperature compensation

Automatle Instrumental adjustment of displayed conductivity to comect for femperature
varlations. This Is achleved by using thermistor bullt Into the conductivity probe.

Calibration

A means of malntaining the aceuracy of the electrode by fixing a zero polnt and one other
polnt of reference using o standard callbrant that Is closest to the expected range of sample
readings. Callbratlon should be performed regularly fo obtaln optimum performance.

Cell constant

This deflnes the volume (of soluflon) between the electrodes of a conductivity cell. Solutlons
with @ high conductivity require a sensor with a cell constant greater than 1.0. For low
conductivity samples a sensor with @ constant less than 1.0 15 needed.

Conductivity

Electricity Is the flow of electrons. This Indicates that lons In solution will conduct electricity.
Conductivity 15 the abllity of a solutlon to pass current. The conductivity reading of a sample
will change with temperature.

Endpoint (Automatic/Manualy

If the automatlc mode |5 selected for sample measurement, the meter walts for the reading to
stabllise. The display Is then frozen fo glve the sample result. The manual mode requires the
operator fo freeze the display, via a keypad function, when stabllisation 1s reached.
Reference temperature

Each conductivity reading Is referenced fo o specific temperature, typleally 20°C or 25°C, for
comparative purposes.

Reslstivity

This I the reclprocal of the conductivity value and Is measured [n ohms. It Is generally limited
to the measurement of ultrapure water whose conductivity |s very low.
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Response time

The time taken for an electrode to reach a stable reading when It Is removed from one solutlon
and placed In another of a differing conductivity. This depends on the magnitude of the
change as well as the electrode conditlon and temperature varlation.

Standard solutlon

A solutlon of known concenfration that 15 used 1o standardise or callbrate an analytcal
Instrument.

Total Dissolved Sollds (TDS)

This Is the measure of the fotal concentration of lonlc specles of a sample. Its magnitude Is
relative to the standard solutlon used to callbrate the meter. For example, a high TOS valug
means a high concentrafion of dissolved sollds which may Indlcate pollution by lonle
chemical specles.

TDS factor

Conductvity readings are converted to TDS readings by multiplication with a known

mathematical factor, The meter has a range of factors based upon the reference materlal used
to prepare the callbration standard. Commeonly, KCI and CaCO, are used.

Units of measure

The conductivity of a solution |5 given In pSfem or mSicm.
TD35 Is expressed In mg'L or giL.



SECTION 2 Dissolved oxygen

Introduction

Oxygen, making up one-fifth of the Earth’s atmosphere, Is one of the most Important elements.
Combination of oxygen with other substances s the means by which energy Is released In
living cells. However, life can only be supported when the concentration of oxygen |s within
certaln limits, hence the Importance of oxygen measurements.

Oxygen was not ldentified In sclence untll 200 years ago, while methods of analysls have
only been avallable during this century.

Befora the advent of polarography, methods for the analysls and measuremeant of oxygen werg
slow and laberlous. In the early days of polarography, when dropping mercury electrodes
were used, oxygen was consldered an undesirable Inferference because the current resulting
from l1s easy reduction could mask the reduction of other substances.

Solld cathodes, usually of platinum rather than dropping mercury, were employed when
physlologlsts began to use polarography fo measure oxygen tenslon In Iving tissues In the
194075, Electrodes had to be designed for an analytical situatlon, since the sample could not
be processed to meet the requirements of the electrodes. There was no satisfactory means of
freating ar purifying the Iving fissue sample, nar of confrolling or evaluating the stirmng effects
taking place. Electrode materlals were changed, however, by direct exposure fo the complex
chemicals found In blood and tissues, and many Ingenlous methods were Invented to handle
speciflc measurement sltuations. The problem of pratecting the electrodes from the analytical
environment was generally solved by Dr Leland Clark’s development of the membrane-
coverad electrode which provided a more uniform diffuslon layer for oxygen and largely
prevented the enfrance of unwanted substances.
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Theory of dissolved oxygen measurement

Operating Principles

Owygen prabes have a noble metal cathods and a silver anode. The noble metal can be sliver,
gold or platinum. These elemenis are electrically connected In a potassium chlorlde solutlon
separated from the sample medium by a gas permeable membrane.

The physical propertles of oxygen are related to temperature, so d thermistor Is often fitted In
the probe to glve temperature compensation. A constant voltage Is placed across the cathode
and anode. Molecular oxygen diffuses through the membrane and Is reduced at the cathode
by the applied voltage. This electrical process results In a currant flow.

The Instrument detects this current which Is proportlonal to the PARTIAL PRESSURE of oxygen.
The IDEAL GAS LAW expresses the proportlonal relationship between gas prassure P and n. the
number of gas molecules prasent.

PV = nRT
(where R = Gas Constant, T = Temperature In Kelvin)

This relatlonship. and the abllity of the meter to compeansate for temperature changes, allows
results to be expressed os percentage oxygen or mg/L O,



Relationship between Partlal Pressure and % Oxygen

Alr1s a mixture of goses In which oxygen contributes 21% of the total pressure. Conslder a
volurme of alr af atmospherlc pressure, 760 mm. 21% of this pressure 160 mm, Is
confributed by oxygen.

If the total pressure on this system Is doubled to 1520 mm, the partlal pressure also doubles
to 320 mm. The relative percent of the axygen Is still 21%. However, the sensor and
Instrument would see a fwo fold Increase In the oxygen concentration since the sensor Is only
responding to the parlal pressure of oxygen.

N
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Fig. 4: Relationship between partlal pressure and % oxygen

For this reason, alr callbration of this systern In the percent oxygen mode Is valld only If the
gas mixture Is under a total pressure of one atmosphere. Sample corection can be made fo
convert oxygen partial pressure values to percent oxygen at other pressures as follows:

Actual % 0, = Indlcated Percent Oxygen x Atmaspheric pressure (mm Hg)
System Pressure {mm Hg)

= Instrument Reading x Afmospherlc pressure (mm Hg
System Pressure (mm Hg)

Goses are soluble In llguid to varying degrees. This solublify, expressed as a molefraction, 1s
proportional to the partial pressure of the gas over the llquid (Henry's law). For most dissolvad
oxygen applications, the deslred units are pars per milllon, ppm ¢when liquid denstty 1s 1 gfem®,
ppm equals mg/L ©,). The maolefraction Is easlly converted to these units.,



Parcent Saturation

Percent Saturatlon 1s another parameter that Is frequently used. This 15 the amount of oxygen
the liquid can hold at that temperature. For a glven liquid, a constant relatlonship holds
betwean percent safuration and concentration at varlous temperatures. This relationship must
be datermined experimentally.

To lllustrate this relatlonship, consider a contalner of 100% alr saturated water. As the
container 15 heated and the water begins to boll, bubbles of alr form In the contalner. These
bubbles would eventually rise to the surface and then leave the liquid.

One would Intultively conclude that the concentration of alr In the solution has decreasead,
however, the water would stlll be 100% sofurated with alr af that temperature,

Partlal pressure O, In the alr Partlal pressure O, In the alr
T\ rl/f_! Q 7
/\_. Qi o5
oY o©
O o
o "o ©o

Partlal pressure O e e}

0, In liguid - O O o

ol - R

N

At 100% saturation, oxygen Even though alr bubbles leave

parfial pressure Is same In heated liquid, oxygen parfial
llquid as In alr above liquld pressure remalns the same In

liquid as In alr above liquid

Hg. 5: Relatlonship between % saturatlon and concentration
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—= D.0.(PPM)

= Temperafure

Flg. 6: Relatlonship between dissolved oxygen and femperature

PPM Dissolved Oxygen Versus Temperature

This phenomenon of decreasing solubllity of gases af Increasing femperature can be
accounted for by the thermodynamic relafionship between free energy and entropy. If the
temperature were held constant, then the relaflonship between percent saturation and
concentration (ppm) may be established. It can be seen that percent saturation Is linearly
proportional to concantration. As mentloned before, the exact relationship between percent
saturation and concentration must be determined experimentally for each different sample.

40°C 25°C 15°C

% Soturation

— ORmm Hg

= D.0. (PPM)

Fig. 7: Temperature dependence of relationship between % saturation and concentration



Salinity

The lonlc strength (salt contenty of natural and waste waters has a conslderable effect on
dissolved oxygen levels. In order fo obfaln dissolved oxygen results, correcion for salfing-out
effects have to be made. Such effects greatly reduce electrode sensitivity.

Salinity has been defined traditlonally os the total sollds In water after all carbonates have
bean converted to oxides, all bromide and lodide to chloride and all organic compounds
oxldised. However, for practical purposes, the definttlon of salinity 1s based upon the
conductivity of seawater relative to a specified potasslum chionde solution. Theretore, the
measurement of solutlon conductivity greatly simplifies the callbration and usage of dissolved
oXygen measuring systems.



Oxygen probes

The three types of oxygen sensors In commaon use are the oxygen balance, the polarographlc
and the galvanle probe. They are more convenlent than chemilcal fitratlon methods, and each
Is capable of accurate measurament,

The Oxygen Balance Probe

The oxygen balance sensor has three electrodes. The electrolyte Is typlcally potassium
hydroxlde. A reference electrode senses the voltage applled to the cathode and anode and
faeds this signal to a separate amplifier which drives these electrodes by providing a varying
current sufficlent fo malntaln the flow of oxygen. When the sensor 15 Immersed In a sample,
oxygen diffuses through the membrane and 15 reduced af the cathode while an equivalent
ameunt of oxygen I generated af the anode. The diffuslon continues untll the oxygen tenslon
on both sldes of the membrane s equal. The current necessary fo malntaln this balance Is
converted 1o a read-out of the partlal pressure of dissolved oxygen.

While the oxygen balance cell consumes oxygen, It also generates an approximately equal
ameunt, thereby reducing the need for stirring; though experiments have shown that sample
flow does offect readings to some degree.

Commerclally avallable units are supplied with permanent membranes, essentlally eliminating
the need for probe maintenance, but necessitating replacement of the sensor If the membrane
Is tormn or becomes fouled. When the sensor Is replaced, the Instrument must be recallbrated.

Refarence electrode Electrolyte
\\ solution
.
\ I,
e, 4
i~ '\I \\
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[ J 'l.'
— \
[\
'
Electrode

Fig. 8: Oxygen balance probe
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Flg. 9. Polarographic probe

The Polarographic Probe

In @ typlcal polarographic probe the sliver anode |s surrounded by a noble metal cathoda.
Temperature sensing elements provide both temperature compensation and temperature
measurement. A potassium chloride slectralyte Is confalned by o membrane held In place with
a rubber O-ring. The sensor end of the probe 1s normally covered by a guard to protect the
working elements from damage.

For each oxygen molecule that comes In contact with the cathode, a proportienal current
fravels through the clreult. This provides the basls for an oxygen analysar.

The Galvanl¢ Probe

The galvanlc probe Is the simplest, because If produces Its own elechilc current. However, It
needs a power source fo operate the femperature compensaling clrcultry. The electrodes are
usually silver and lead, and the electrolyte potassium hydroxide. As with the Clark electroda,
galvanic potentlal Is developed by the reduction of exygen on a surface that acts as both
catalyst and cathode. The current produced 1s proportlonal fo the quanttty of axygen reduced.

Seal  Agcathode FEP membrane

R

KOH
electrolyte

Flg. 10: Galvanlc probe



The ruggedness of the galvanic sensor, combined with Its high current output, makes It
rellable for long-term monitoring of dissolved oxygen In heavy-duty applications such as
aeration basins. Since the sensor consumes oxygen, a continuous flow of sample past the
sensor Is necessary fo remove the oxygen-depleted sample In front of the membrane.

Commerclally avallable galvanic sensors are typlcally provided In physical configurations
which allow membrane changing and other probe malntenance by the user to prolong probe
life,

Choosing an oxygen probe: Polarographic or Galvanic?

In practice, o cholce hos to be made between o polarographlc and galvanic probe. Both types
of sensor operate on the same electrochemical principle with molecular oxygen being reduced
af the cathode. The current resulting from this reduction Is proportional to the partlal pressurs
of dissolved cxygen and thergtore the concentration of disselved oxygen can be defermined.

In the galvanie probe the electrode and electrolyte system Is chosen In order to generate Its
own potenflal. The polarographic fype uses a polarising voltage. Both types use a membrang
to separate the electrochemical cell from the test solutlon.

The polaregraphlc sensor has the advantage that an optimal polarlsation voltage can be
chosen. A barrler between the cathode and sliver anode Is necessary to avold plating of the
cathode by sllver diffuston. The ancde can be polsoned by hydrogen sulphide diffusing
thraugh the gas permeable membrane causing a shift of anode potential,

Polsoning of the zinc or lead anode In a galvanic cell 1s also a problem. However, the
generated voltage may not be |deal and any cartbon dioxide that may be present will
precipltate zinc or lead carbonate and reduce the active electrode surface and lower the output
curment,

Several Important design features make the polarographlc sensor the prefarred fype. The large
cathodes of galvanlc sensors require high rates of sample flow to achleve stable readings.
Without sufflclent agltation readings will be unstable. The polarographlc sensor can operate
rellably for long perlods with minimal output nolse due to its small cathode,

The membranes of polarographic sensors are typlcally thicker than the galvanic type and
therefore have o longer working Iife. This Is because the membranes of galvanic sensors must
be relatively thin fo give reasonable response fimes.

Insoluble reaction products quickly deactivate o galvanic cell but cathode precipitation Is
eliminated by the deslgn of the polarographic sensor.

Galvanlc sensors are active at all times and will degrade In storage as well as during use.
Polarographic sensors are only active when polarised and by definition have a longer working
lifetime.



Applications

The level of dissolved oxygen (n natural waters |5 often a direct Indication of quallty, since
aquatle plants produce cxygen, while micro-organisms generally consume It as they feed on
pollutants. At low ternperatures the solubliity of oxygen 15 Increased, so that In winter
concentratlons os high as 20 ppm may be found In natural waters while saturation levels In
the summer may be as low as 4 or 5 ppm.

Dissolved oxygen Is essenflal for the support of fish and other aquatic ife and alds In the
natural decomposition of organic matter, Waste treatment plants which employ digestion
techniques must maintaln a level of af least 2 ppm dissolved oxygen. This Is usually
accomplished by some form of mechanlcal aeration.

At elevated femperatures, oxygen Is highly corrosive 1o metals, cousing “pifting” In ferrous
systems such as high pressure bollers and deep well oll recovery equipment. To prevent costly
corroslon damage, the liquids In contact with the metal surfaces must be freated, usually by a
combinatlon of physical and chemical means. Deaeration can reduce the dissolved oxygen
concentration of boller feedwater from several ppm o a few ppb (parts per billion).

Cherlcal reducing agents such as hydrazine or sodlum sulphite are somefimes used Instead
of deaeration but more offen are used fo react with residual cxygen which remalns after the
deaeration process.

A commeon application Is the five day Blochemlcal Oxygen Demand (BOD) test. This
medasures the oxygen required for the blochemlcal degradation of organic materlal and that
used fo oxidise Inorganic compounds such as sulphide and ferrous lons. It will also measure
the oxygen needed to oxidise the reduced form of nitrogen ¢nitrogenous demand). The BOD
test Indlcates the pollutlon strength of wastewaters and 1s used fo measure the status of
domestlc as well as Industrial supplies.



Factors influencing dissolved oxygen measurement

Calibration of system

With modern Instrumentetion a single alr callbration should be employed on a regular dally
basls. A standard solutlon, prepared from sodlum sulphlite, |5 occoslonally used to check the
zero oxygen callbratlon point,

It 15 @ quick, simple and highly rellable procedure. The alr layer outside the membrane,
covering the cathode, does not become oxygen depleted, and therefore provides the Ideal
standard solution.

Correction for Salinity and Barometric Pressure

The correction for these parameters 1s carrled out autornatically by modermn, microprocessor
driven Instruments.

Measuring samples

Place the probe In the sample and allow the temperature to stabllise. Sir for 30 to 60 seconds
and take the meter reading when the display Is stable. Depending on probe condition,
ternparature and oxygen level, the response fime for oxygen measurement may vary from 30
seconds fo 2 minufes.

Interferences

Any coating of the membrane will affect readings. It Is better to store probes In molst alr rather
than water fo reduce the possibllity of algae growth.

The measurement of olls and slurles will also Increase the frequency of probe cleaning.
Strong solvents, aclds and alkalls may also domage the probe materlals. The presence of
other gases, such as chlorine, nitrous oxlde and nitrlc oxide, may also Interfere with measurad
oxygen lavels,

Sulphur based molecules such as H,S and S0, are also known fo Inferfere with oxygen
measurements, dlong with the Inert gases such as neon.

Electrode tarnishing

The cathode can be tarnished by extended exposure to H,S and 50,. As the anode tarnishes It
will get darker. This polsoning will reduce sensitivity and even pravent system callbration. A
tamished sliver anode can be rejuvenated by soaking the probe overnlght In 3% ammonium
hydroxide. The anode and cathode can be pollshed with cleaning compound. After washing
with distilled water and DO alactrolyte, the probe, fiffted with o new membrane cap, 15 fully
reconditionad.



























