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Dissolved Oxygen Measurement 
Theory and Practice 

by Erich K. Springer 
 

 
1. Introduction 
 
Oxygen is the most important gas for plant and animal life on our planet earth. Without oxygen, 
there is no life on land or in water. As oxygen is easily soluble in water it makes life in rivers, lakes 
and oceans possible. Water owes its content of dissolved oxygen by the fact that it is continuously 
exposed to the atmospheric air, and the amount of soluble oxygen in water is therefore determined 
by the partial pressure of oxygen and the temperature. 
 
In ecological systems like seas, rivers and lakes the oxygen content has to be monitored in order 
to determine the state of pollution in these systems. In the treatment of domestic and industrial 
waste water a high amount of oxygen is required by the micro-organism to decompose organic 
waste; on the other hand the oxygen content in boiler water and feed water systems must be kept 
as low as possible in order to minimise the corrosion danger in boiler and pipe walls. To measure 
the dissolved oxygen amount accurately and continuously and to take the required action will save 
the industry billions of Rand, Dollars, Yen, Euros and Pounds annually, to name just a few 
currencies. 
 
The purpose of this booklet is to provide the basic knowledge of the dissolved oxygen 
measurement in a brief and understandable form. The author’s task is fulfilled when this booklet 
leads to a successful application of a dissolved oxygen measurement. 
 
First edition 
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2. Oxygen 
 
Oxygen is a non-metallic chemical element with 
the chemical symbol O and the atomic number 
8. It occupies place 8 under group 16 (VIB) in 
the Periodic Table of Elements (see page 11) 
and its atomic mass is 15,9994. Under 
atmospheric pressure and temperature, oxygen 
is a colourless, odourless and tasteless gas in a 
diatomic molecular form O2. 
 
 
 
 
 
 
 
 
 
By combining more than one unpaired electron 
at a time, a double covalent bond is formed. 
Oxygen atoms form a double covalent bond and 
the resulting molecule O2 is very stable. 
 
Another form of elemental oxygen is ozone (O3), which is a triatomic molecule, consisting of three 
oxygen atoms. The ozone molecule is much 
less stable than the diatomic O2. 
 
Close to the earth surface ozone is toxic with 
harmful effects on the respiratory systems of 
humans and animals. An ozone concentration of 
more than 125 parts per billion (ppb) is regarded 
as “unhealthy” by the World Health 
Organisation. 
 
Ozone in the upper atmosphere (15 to 45 km), 
forms a thin, protective layer around the earth 
that filters potentially damaging ultraviolet light 
from reaching the earth’s surface. Some 
pollutants in the atmosphere have a detrimental 
effect on this ozone layer. 
 
After hydrogen and helium, oxygen is the third most abundant element in the universe. In stars like 
the sun its formation is part of the fuel cycle that provides their energy. On the planet earth oxygen 
is the most abundant element: 
      
    85,7 %  by weight in seawater (88,8 % of pure water is oxygen) 
    46,6 %  by weight in the earth’s crust 
    20,95% by volume in the lower atmosphere. 
 
Our planet earth has an unusual high level of oxygen gas (O2) in its lower atmosphere compared 
with other planets in our solar system. The value of nearly 21% in air lies midway between two 
extremes that would make life on earth impossible for humans. If it were below 17% we could not 
breath anymore, if it were above 25% all organic material would be highly flammable. 
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Oxygen in the biosphere is essential for all forms of life since it is a constituent of DNA and of 
almost all other biologically important compounds. It is even more important in the processes of 
respiration, the means by which all living creatures derive the energy needed to sustain life. It is 
well known that the human brain must have oxygen to function and that, if denied oxygen, it will be 
damaged within minutes. 
 
Oxygen circulates through the ecosystem and the biosphere in various forms. It is free in the air 
and dissolved in water. Certain lower order plants and all animals use oxygen to respire and return 
it to air and water as carbon dioxide (CO2). CO2 is then taken up by algae and terrestrial green 
plants and converted into carbohydrates during the process of photosynthesis, combining it with 
water to create sugars and oxygen molecules. Free oxygen is returned to air and the cycle starts 
again. Almost all the free oxygen present in the atmosphere is the result of photosynthesis. The 
waters of the world are the main oxygen generators of the biosphere; their algae are estimated to 
replace about 90 % of all oxygen used. 
 
Oxygen has an 2 - 6 electron configuration with a valence of 2. This makes it highly reactive and 
capable of combining with all elements except the noble gases, and with most compounds under 
the influence of temperature and light. The chemical process is called “oxidation” and the 
resulting compounds are “oxides”. A very rapid form of oxidation is the burning or combustion 
process. 
 
Other properties of oxygen: Boiling point:  -182,97 °C (at 1 atm) 
 Melting point: -218,76 °C (at 1 atm) 
 Critical point: -118,9   °C (at 1 atm) 
 Density:  1,429 g/l at 1 atm and 0°C 
 Pure oxygen is 1,1 times heavier than air 
 Liquid oxygen is strongly magnetic 
 Liquid and solid oxygen have a pale blue colour 
 
 
3. The Discovery of Oxygen 
 
3.1 The Phlogiston Theory 
 
Johann Joachim Becher (1635 - 1682), a German alchemist and physician, proposed in 1669 that  
substances are composed of three types of earth: “terra fluida” is the mercurial element, which 
contributes fluidity and volatility; “terra lapida” is the solidifying element, which produces the 
binding quality; and the third element is “terra pinguis” (fatty earth), which gives material 
substances its combustible qualities. This is the principle of inflammability. Wood, for instance, 
consists of ash and “terra pinguis”. When wood was burned the wood would be converted to ash 
and the “terra pinguis” was released. 
 
Later, Georg Ernst Stahl, (1660 - 1734), another German alchemist and physician, adopted the 
idea, but changed the name of “terra pinguis” to “Phlogiston” - from the Greek phlogios (fiery). 
Hence the name “Phlogiston Theory”. 
 
He modified the theory and stated that all combustible materials were composed of two parts. One 
part, the “phlogiston”, was given off when the substance containing it was burned. The other part, 
the “de-phlogisticated” part was thought to be its true form, its “calx”. Stahl also included the 
calcination and corrosion of metals. When the metal was heated, “phlogiston” was set free and the 
“calx” remained. Highly combustible materials, such as coal, where made mostly of “phlogiston” 
while non-combustible substances, such as iron, contained very little. Air did not play a role in the 
“phlogiston theory” and no initial quantitative experiments were conducted to test the idea. The 
“phlogiston theory” was based only on observation of what happened when something burned. 
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For almost a century the false doctrine of “phlogiston” obscured the brain of all alchemists. Nobody 
ever had the idea that it was actually the reverse process: During combustion a gas is combining 
with the burned substance. 
 
3.2 Carl Wilhelm Scheele 
 

Carl Wilhelm Scheele was born on the 9th of December 1742 in 
Stralsund, Germany, which at that time was the capital of 
Swedish occupied Pomerania. Scheele was the seventh of 
eleven children, and there was no money for his education. 
Although, without formal training in chemistry, he became one of 
the greatest experimental chemists, and perhaps the most 
unfortunate scientific discoverer, of the 18th century. 
 
Scheele taught himself chemistry while apprenticed (1757 - 
1765) to an apothecary in Göteborg, Sweden. Later he worked 
as a pharmacist in Malmo, in Stockholm, and in Uppsala, till he 
bought his own pharmacy in Köping, (1775) where he remained 
for the rest of his life. 
 
This industrious, self-taught chemist, without a high-school and 
academic education, is now accredited with the discovery and 
identification of seven chemical elements and compounds, more 
than any other scientist discovered before him or since. 
 

In 1772, while experimenting with a mixture of calcium nitrate and sulphuric acid, Scheele 
observed that a colourless gas escaped when the mixture was heated. He collected the gas in a 
glass cylinder and when he lit a candle within the cylinder, he saw that the candle burned much 
brighter than normal. 
 
From this and similar experiments he deducted that air consists of two gases, one that supports 
combustion and the other that prevents it. He named the former “fire air” and the later “rotten air”. 
Scheele experimented with this “fire air”. He discovered various different ways how to produce “fire 
air”; from nitric acid, potassium nitrate, manganese 
dioxide, mercuric oxide and many more. 
 
Scheele discovered that “fire air” was not only necessary 
for burning but for breathing as well. He put rats and 
mice, flies and bees, one after another, into jars and 
watched their behaviour. Every time the result was as he 
suspected: after the “fire air” was consumed, the 
creatures died. 
 
But Scheele failed to recognise “fire air” as a chemical 
element (namely oxygen), without which no life is 
possible on this planet. The “phlogiston theory” of Stahl 
was a barrier, which prevented Scheele from 
understanding this vital and essential fact of life. 
 
Scheele wrote an account of his discovery in a 
manuscript he titled “Treatise on Air and Fire”, which he 
sent to his publisher in 1773. However, that document 
was not published until 1777. Because of the delay in 
publishing the results of his experiments, Scheele 
became the unaccredited discoverer of oxygen. 

Carl Wilhelm Scheele 
(1742 - 1786) 

Tools Carl W. Scheele used during 
his experiments to analyze the 

composition of air 
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In early 1786 Carl Wilhelm Scheele fell seriously ill. The symptoms suggest mercury poisoning. He 
died, as a victim of his chemical experiments after only 44 years of age, on the 21st of May 1786. 
 
3.3 Joseph Priestley 
 

Joseph Priestley was born on the 13th of March 1733 in 
Fieldhead, Yorkshire, England. Joseph was the first of six 
children. He was educated at Daventry Academy and trained as 
a minister of the Dissenting Church of England. Besides his 
radical theological work and writings, Priestley became 
interested in physical science, mainly electricity and chemistry. 
But Priestly was first and foremost a Unitarian minister and, to 
begin with, practised science only as a hobby. 
 
Priestley attended lectures and demonstrations on practical 
chemistry given in 1763 – 1765 by the surgeon Matthew Turner. 
 
In 1766 he met the American statesman Benjamin Franklin in 
London, who encouraged him to conduct experiments in the 
new science of electricity. A year later Priestley wrote his 
famous work “The History and Present State of Electricity”. 
Priestley discovered that charcoal was conductive and noted 
the relationship between electricity and chemical change. More 
and more his interest changed towards chemistry. He studied 
“airs”, as gases were then called. 

 
Joseph Priestley’s most famous discovery occurred on the 1st of August 1774 when he heated red 
“calx” of mercury (mercuric oxide) in a glass vessel by focusing the rays of the sun through a 300 
mm diameter lens on to it. He found that silvery drops of mercury began appearing in amongst the 
red “calx”. Simultaneously the decomposing “calx” emitted a colourless gas. Priestley collected the 
gas in a flask and lit a candle in it. He noted that the candle was burning 
 

“with a remarkably vigorous flame. … But to complete the proof of the 
superior quality of this air, I introduced a mouse into it; and in a quantity in 
which, had it been common air, it would have died in about a quarter of an 
hour, it lived … a whole hour.” 

  
Priestley, as his contemporary Scheele, believed in the “phlogiston theory”, which blurred his 
intellect and scientific judgement. He named the “new air” he discovered, “dephlogisticated air” 
because objects burned so easily in its presence, it meant they rapidly released their “phlogiston”. 
He believed that ordinary air became saturated with “phlogiston” when it could no longer support 
combustion or life. 
 
As Priestley, during a visit to Paris later in 1774, passed on his discovery of “dephlogisticated air” 
to the greatest chemist of the era, Antoine-Laurent de Lavoisier, and published his findings in 1775 
in a work titled “Experiments and Observations on Different Kinds of Air”, he received the credit for 
the discovery of oxygen. 
 
Priestley’s observation that light was important for plant growth and that green plants gave off 
“dephlogisticated air” became the foundation for systematic studies on photosynthesis by other 
scientists. 

Joseph Priestley 
(1733 - 1804) 
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The radical and liberal theological ideas of Priestley plus his support for the principles of the 
French Revolution angered the British public. On the second anniversary of the fall of the Bastille 
prison (14th of July 1791) a paid mob went on the rampage and burned and looted the house, 
laboratory and church of the dissenter Priestley. 
 
Priestley escaped in time and three years later, in 1794, fled England to settle in Northumberland, 
Pennsylvania, USA. Here he died on the 6th of February 1804. 
 
He was the last champion of the “phlogiston theory”. 
 
3.4 Antoine-Laurent de Lavoisier 
 

Antoine-Laurent de Lavoisier was born into a 
wealthy, upper-class family in Paris on the 26th of 
August 1743. His grandfather and father were both 
successful lawyers, his mother was the daughter of 
a rich advocate. She died when Antoine was five 
years old. He was brought up in his grandmothers 
house by his unmarried aunt Marie, sister of his 
mother. Both women very much spoilt little 
Antoine, money was never a question. 
 
When he was eleven years old, he attended the 
famous Collège Mazarin, the best institute in 
France at that time. At seventeen Lavoisier entered 
the School of Law at the Sorbonne, the oldest 
university of the world and at the age of 21 he 
graduated as a Bachelor of Law and qualified as 
Licentiate a year later. 
 

After completing his study of law, it was science, not law, that called. Lavoisier attended courses in 
astronomy and mathematics, botany, geology and “alchemy” (chemistry was not yet an academic 
subject). He became known in scientific circles initially, when he was awarded a gold medal, 
presented by the president of the Royal Academy of Science, for an essay on the best way to light 
the streets of a large town at night. He became a member of the Royal Academy of Science at the 
young age of 25. Lavoisier was probably one of the most educated men of his time, and he was 
rich. There was no need for him to earn money. 
 
Young Lavoisier became more and more interested in the newly emerging scientific subject 
“Chimie”. He was fascinated by the mystery of chemistry, a subject which was still in its infancy. 
Chemistry had not yet grown out of the alchemical arts of making gold from mercury, it was still 
dominated by Aristotle’s four elements: water, earth, air and fire. 
 
Lavoisier became the father of modern chemistry; he was the first scientist who introduced 
quantitative procedures into chemical investigations, he formulated the principle of the 
conservation of matter in chemical reactions, he clarified the distinction between elements and 
compounds, and he was instrumental in devising the modern system of chemical nomenclature. 
 
Yet he was not a single-minded pioneer. During his brief fifty years of life he not only adopted a 
modern approach to chemistry, but also held simultaneously several top-level public offices in the 
French government. He contributed technological advances in ballooning, the mineralogical 
mapping of France, urban street lighting, the Paris water supply, the efficiency of gunpowder and a 
full-scale model farm. He was a member of the commission appointed to secure uniformity of 
weights and measures throughout France. The report of that commission led to the adoption of the 
metric system. 

Antoine-Laurant de Lavoisier  
with his wife Anne-Marie 



 Page 9 

 

In 1768 he became a member of the “Ferme Générale”, a governmental tax collecting agency. He 
introduced a tax reform and in 1788 build a wall around Paris in order to make the custom 
collection more efficient. This turned out to be the worst decision of his life as it made him a hated 
enemy by the lower classes. 
 
In 1772, after various other chemical investigations, Lavoisier turned his attention to the much 
discussed problem of combustion. He conducted an experiment heating lead in a sealed vessel 
containing a limited supply of air. At the beginning of the heating process the surface of the lead 
formed a layer of calx (lead oxide), and then it stopped doing so. Lavoisier now weighed the entire 
apparatus (containing lead, calx, air etc.), and found that it weighed exactly the same as it had 
done before being heated. Next he weighed the lead and its coating of calx –  and found that this 
weighed more than the metal had previously weighed. But if the metal had gained weight, then 
something else in the vessel must have lost a similar amount of weight, and this could only be the 
air. 
 
Lavoisier’s experiment proved that when metal turned into its calx, this had nothing to do with the 
loss of some mysterious phlogiston. He had shown that the metal in fact combined with a material 
substance which had weight, and that material substance consisted of a portion of the air. 
 
It was now, in 1774, that Priestley arrived in Paris, and demonstrated to Lavoisier the new gas he 
had discovered, which he called “dephlogisticated air”. When Priestley demonstrated his 
“dephlogisticated air”, Lavoisier immediately grasped the far-reaching significance of this 
discovery. As soon as Priestley returned to England, Lavoisier experimented with a burning candle 
floating in a bowl of water. He placed an upturned glass jar over the candle and observed that, 
when the candle burned the water always rose to occupy one fifth of the jar. Air obviously 
consisted of two gases, in proportion of one to four. The one fifth which was used in combustion 
was Priestley's “dephlogisticated air”. Through his experiments, Lavoisier demonstrated that 
burning is a chemical reaction, combining a substance with the new found gas. He disproved the 
“phlogiston theory” and paved the way for a correct analysis of chemical compounds. 
 
Lavoisier decided to rename this elemental gas “oxygen” - from the Greek “oxy” - meaning “acid” 
and “gen” meaning “generator” or “producer”. Lavoisier mistakenly thought that oxygen was 
present in all acids. 
 
With the storming of the Bastille on the 14th of July 1789 the French revolution had begun and 
found Lavoisier in an extremely tricky situation. As a scientist he had done as much as anyone to 
promote enlightened reform, but he was also a member of two institutions which were strongly 
linked with the ancien régime: the Académie des Sciences and the hated Ferme Générale. For 
four years Lavoisier could survive, but in November 1793, when the terror was in full swing, 
Lavoisier was arrested. On the 8th of May 1794 Lavoisier was brought before the revolutionary 
tribunal, tried within hours, sentenced to death and guillotined on the same day. 
 
When his friend, the celebrated French mathematician Joseph-Louis Lagrange, heard the news, 
his comment made a bitter epitaph: “Only a second to cut off that head, and a hundred years may 
not give us another like it. 
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4. The Periodic Table of the Elements 
 
In early 1869 Dmitri Mendeleyev (1834-1907), a Russian chemist, published his historic paper “A 
Suggested System of the Elements”. In this paper the design of the first “Periodic Table of the 
Elements” was introduced to the chemists of his time. Mendeleyev clearly established the 
relationship between the properties of the elements and their atomic weight. 
 
In Mendeleyev’s own words “… there must be some bond of union between mass and the 
chemical elements; and as the mass of a substance is ultimately expressed … in the atom, a 
fundamental dependence should exist … between the individual properties of the elements and 
their atomic weight. But nothing … can be discovered without looking and trying. So I began to 
look about and write down the elements with their atomic weights … and this soon convinced me 
that the properties of the elements are in periodic dependence upon their atomic weight; 
and although I have had no doubts about some obscure points, yet I have never once doubted the 
universality of this law, because it could not possibly be the result of chance.” (Principles of 
Chemistry; by Dmitri Mendeleyev, 1868). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In a modern table the elements are arranged 
horizontally in order of increasing proton numbers. The 
elements fall into 18 vertical columns, known as 
groups. Going down a group, the atoms of the elements 
all have the same outer shell structure, but an 
increasing number of inner shells, therefore all 
elements in a group have the same chemical activity. 
Today there are 115 elements listed in the Periodic 
Table of Elements, of which the last four have not yet 
been

The Dmitr Mendeleyev Statue in St. Pete
Russia 

 named. 

rsburg, 

The Original Periodic Table  
of the Elements 

Dmitri Mendeleyev 
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5. The Atmospheric Pressure 
 
The dissolved oxygen in water is the gaseous oxygen (O2) dissolved in water and must not be 
mistaken for the bound oxygen as in the water molecule (H2O). The amount of this gaseous 
oxygen which water can dissolve depends on the partial pressure of oxygen and the temperature 
of the water. 
 
In order to understand the expression “partial pressure” we have to deal first with the term 
“atmospheric pressure”. The pressure of the earth’s atmosphere, the “atmospheric pressure”, as in 
any fluid, changes with depth. But the earth’s atmosphere is somewhat complicated because not 
only does the density of air vary greatly with altitude, but there is no distinct top surface to the 
atmosphere from which the height of the air column (h) can be measured. 
 
The atmosphere extends from the earth to heights of thousands of kilometres, where it gradually 
merges with the solar winds. 

 
The air in the atmosphere consists of a mixture of 
gases, water vapour and minute solids and liquid 
particles in suspension. The bulk of the lower 
atmosphere (0 to 100 km) is composed mainly of 
N2 and O2, with a relative abundance of 0,78 N2 
and 0,21 O2, based on the average number of 
molecules present in a representative volume of 
air. 
 
The mass of the hypothetical mean molecule of 
air of the lower atmosphere is 28,97 g/mol. This 
value is intermediate between that of N2 (28) and 
that of O2 (32) and reflects the presence of trace 
quantities of water, argon, carbon dioxide and 
other less abundant compounds (see table 
“Composition of the Atmosphere” overleaf). 
 
This composition of the atmosphere is measured 
by its mean density (the average mass per unit 
volume). As it can be seen from the adjacent 
diagram, the mean density of air (28,97 grams 
per mole) does not change significantly from the 
earth’s surface to a height of about 100 km. 
Thereafter it reduces gradually down to less than 
3 grams per mole at a height of 1 000 km. 
 

The state of approximate uniformity in the first 100 km of height above the earth surface arises as 
a result of molecular motion and as a consequence of the high frequency with which molecules of 
a particular species are involved in collisions with their neighbours. For instance, an oxygen 
molecule, O2, encounters a nitrogen molecule, N2, on average once every 10-9 second near the 
earth surface. At heights of 100 km, the encounter time is reduced to about 10-3 second. Due to 
their molecular masses, molecules experience a force of gravity. Heavy gases are attracted more 
closely to the earth surface, whereas lighter gases are free to float higher. Oxygen gives way to 
helium above 600 km, and hydrogen is the major constituent at altitudes higher than 1 000 km. 

Graph 1: Average molecular mass of the 
atmosphere in atomic units 
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Composition of the Atmosphere 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
          Table 1: Composition of the Atmosphere
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The atmospheric pressure is a force per unit area exerted by an atmospheric column. This is the 
entire body of air above the specific area. This column consists of the whole air composition and 
represents the sum of the “partial pressures” of all the individual air components. 
 
It is not possible to measure the height of the air column as explained before, but with the following 
formula the approximate difference in pressure between two altitudes can be calculated. 
 
 
 
 
 
where:  P = air pressure 
  ρ = mean density of air column 
  g = acceleration of gravity 
  h = height of air column 
 
The pressure of the air at a given place varies slightly according to the weather. At sea level, the 
pressure of the atmosphere on the average is 
 
           1,013 • 105 N/m2. 
 
This value is used to define another unit of pressure in common use, the atmosphere (atm): 
 
    
 
 
 
Another unit of pressure sometimes used (in meteorology and on weather maps) is the 
 
             bar, 
 
which is defined as 
 
 
 
 
Thus standard atmospheric pressure is slightly more than 1 bar. 
 
The pressure due to the weight of the atmosphere is exerted on 
all objects with which it is in contact, including the human body. 

As 1 bar pressure represents the 
weight of a 10 m column of water we 
can imagine what enormous pressure 
our bodies are exposed to. How does 
a human body withstands this 
immense pressure on its surface? 
The answer is that living cells 
maintain an internal pressure that 
closely equals the external pressure, 
just as the pressure inside a balloon 
only slightly exceeds the outside 
pressure of the atmosphere. 

ΔP = ρ • g • Δh (1)

1 atm = 1,013 • 105 N/m2 = 101,3 kPa  (2) 

1 bar = 1,00 • 105 N/m2 = 100 kPa (3) 
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In 1663, Otto von Guericke (1602-1686), a German physicist, engineer, and natural philosopher, 
demonstrated the tremendous force of the atmospheric pressure which is exerted an a body. 
 
He manufactured two copper hemispheres with tight-fitting flanges and joined, but not fastened, 
them together with a leather gasket between them, to form a hollow sphere of about 355 mm in 
diameter. Guericke removed the air from the sphere (through a valve), the atmospheric pressure 
compressed the two hemispheres one against the other. Two teams of eight horses each were 
then harnessed to the hemispheres. These 16 horses were unable to pull the hemispheres apart 
even though the sphere was held together only by the air around it. Once air was admitted to the 
hemispheres, they fell apart instantly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This famous experiment was performed before the Emperor Ferdinand III at Regensburg, 
Germany. 
 
6. Pascal’s Principle 
 
The earth’s atmosphere exerts a pressure on all objects with which it is in contact, including other 
fluids. External pressure acting on a fluid is transmitted throughout that fluid. 

 
Example: 
 
What is the magnitude of water pressure at a depth of 35 m 
below the surface of the sea? 
 
                    P = ρ · g · h 
  = (1 000 kg/m3) · (9,8 m/s2) · (35 m) 
  = 343 000 N/m2 
  = 343,00 kPa  
 
However, the total pressure at this point is due to the pressure 
of water plus the pressure of the air above it. 
 
Hence the total pressure is 
 
  343,00 kPa + 101,3 kPa = 444,30 kPa 
 
This is just one example of a general principle attributed to the 
French philosopher and scientist Blaise Pascal (1623 – 1662). 
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Pascal’s principle states that 
 
  
 
 
 
 

Conversion Factors Between Different Units of Pressure 
 

 
         Table 2: Conversion Factors between Different Units of Pressure 
 
7. Saturated Vapour Pressure 

 
Air normally contains water vapour (water in the gas phase) which comes 
mainly from evaporation. The process of evaporation can be explained on 
the basis of kinetic theory. The molecules in a liquid move past one another 
with a variety of speeds. There are strong attractive forces between these 
molecules, keeping them together in the liquid phase. A molecule in the 
upper regions of the liquid may, because of the speed, leave the liquid 
momentarily. The  combined attractive force of the other molecules can pull 
the escaping molecule back to the liquid surface if the velocity of this 
molecule is not too large. A molecule with a sufficiently high velocity, 
however, will escape from the liquid entirely into the gas phase. The 
amount of molecules having a kinetic energy above a particular value, to 
enable them to escape into the gas phase increases with temperature. 
 
In a closed glass vessel, filled partly with water (or any other liquid) and 
from which the air has been removed, the fastest moving molecules quickly 
evaporate into the space above. As they move around, some of these 
molecules strike the liquid surface and again become part of the liquid 
phase; this is one form of condensation. 
 

The number of molecules in the vapour (gas phase) increases for a period of time, until the 
number returning to the liquid equals the number leaving in the same time interval. Equilibrium 
then exists, and the vapour is said to be saturated. 

Pressure applied to a confined fluid 
increases the pressure throughout 

by the same amount. 
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The pressure of the vapour when it is saturated above the liquid surface is called the  
 
     Saturated Vapour Pressure. 
 
The saturated vapour pressure does not depend on the volume of the container. If the volume 
above the liquid were reduced suddenly, the density of molecules in the vapour phase would be 
increased temporarily. More molecules would then return back to the liquid phase until equilibrium 
is reached again. This would result in the same value of saturated vapour pressure as before. 
 
The saturated vapour pressure of any substance depends on temperature. At higher 
temperatures, more molecules have sufficient kinetic energy to break from the liquid surface into 
the vapour phase. Hence equilibrium will be reached at a higher pressure. 
 
 

 
 

                         Table 3: Saturated Vapour Pressure of Water (at different temperatures) 
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8. Partial Pressure 
 
8.1 Dalton’s Law 

John Dalton was born on the 6th of September 1766 in Eaglesfield, 
Cumberland, England. He was the son of a Quaker weaver. When 
he was only 12 years old he took charge of a Quaker school in 
Cumberland and two years later taught with his brother at a school 
in Kendal. At 26 he officially became a teacher of mathematics and 
natural philosophy at a Presbyterian College in Manchester. He 
held this position until 1800, when he resigned to become the 
secretary of the Manchester Literary and Philosophical Society. He 
still served as a private teacher in mathematics and chemistry. John 
Dalton died on the 27th of July 1844. 
 
Dalton is well-known for the revival of the atomic philosophy, 

transforming it from a hypothesis into a scientific theory: “Each element is composed of tiny, 
indestructible particles, atoms, all alike and having the same atomic weight. Different 
elements have atoms of different weights. Each element therefore is characterized by the 
weight of its atom.” 
 
At the turn of the century Dalton turned his interest to chemistry although he had no experience in 
chemical research. In 1801 his early studies on gases led to the development of the law of partial 
pressure - known as Daltons Law: 
 
 
 
 
 
 
 
Strictly speaking, the principle is true only for ideal gases. It assumes no chemical interaction 
between the component gases. 
 
An ideal gas is a hypothetical gas that would consist of molecules that occupy negligible space 
and have negligible forces between them. All collisions made between molecules and the wall of a 
container or between molecules and other molecules would be perfectly elastic, because the 
molecules would have no means of storing energy except as translational kinetic energy. 
 
Dalton’s Law is approximately valid for real gases at sufficient low pressure and high temperature. 
Determining dissolved oxygen Dalton’s Law is applicable up to a maximum pressure of 600 kPa. 
 
8.2 Partial Pressure 
 
Atmospheric air is a mixture of several kind of gases (see page 13). According to Dalton’s Law the 
atmospheric pressure is the sum of all vapour pressures of each individual type of gas. The 
pressure contribution of each kind of gas towards the total atmospheric pressure is called 
 
     the partial pressure of that gas. 
 
Dry atmospheric air contains    78,1  % Nitrogen (N2)  
    and 20,95% Oxygen (O2)   by volume. 
 
It follows that 78,1 % of the atmospheric pressure can be attributed to the partial pressure of N2 
and 20.95 % to the partial pressure of O2. 

“The total pressure of a mixture of gases or vapours is equal 
to the sum of the partial pressures of the individual 
component gases, i.e. the sum of the pressures that each 
component gas would exert if it were present alone and 
occupied the same volume as the mixture of gases.”
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At an atmospheric pressure of 101,3 kPa at sea level (1 atm) 
 
 oxygen exerts a partial pressure POXYGEN  = 21,22 kPa 
                              and nitrogen PNITROGEN = 79,12 kPa 
 
The partial pressure of oxygen may be calculated using the following formula: 
 
 
 
 
 where  XOXYGEN  = 0,2095  (20,95 % by volume of O2 molecules in air) 
  PAIR  = total absolute air pressure 
 
8.3 Absolute Pressure 
 
The absolute atmospheric pressure depends on the altitude. At sea level the absolute pressure 
is 101,3 kPa and it decreases approximately by 1,2 kPa per 100 m. 
 
This relationship is defined by the “barometric-altitude equation”: 
 
 
 
 
     where     Pa    =  absolute atmospheric pressure at altitude “a” in kPa 
      Ps    =  atmospheric pressure at sea level in kPa (101,3 kPa) 
      A    =  altitude, in km above sea level 
      C    =  constant (18,4 km) 
 

 
                                      Table 4: Altitude versus Atmospheric Pressure 
 
9. Oxygen Concentration in Water 
 
If oxygen-free water comes in contact with atmospheric air the water tries to draw oxygen 
molecules (and of course molecules of other gases) from the air until it reaches saturation. By 
doing so the water dissolves the oxygen gas like any other solid or liquid. The solubility depends 
on temperature: 
 
 for solids and liquids 
 solubility increases with rising temperature 
 
 for gases 
 solubility decreases with rising temperature. 

POXYGEN = XOXYGEN • PAIR (4) 

c
a

sa 10PP
−

•= (5) 
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The increasing temperature provides the kinetic energy for the acceleration of all gas molecules. 
Some gas molecules escape from the water back into the air. This is the reason why a glass of 
beer goes flat when it gets warm and why fish will seek deeper water in summer because they 
cannot survive in the oxygen-starved warm water at the water surface. 
 
The dissolved oxygen exerts the same partial pressure in water as it does in air. The in-and-out 
movement of oxygen molecules at the air/water phase boundary stops when the partial pressure 
of oxygen in water equals the partial pressure of oxygen in air above the water. The water is now 
saturated with oxygen and a state of equilibrium is reached at the phase boundary air/water. 
 
 

 
 
 
 
 
 
From the above it can be seen that only the partial pressure of oxygen in air above the water 
determines the maximum partial pressure of oxygen in water. 
 
Not only oxygen molecules leave the water - also water molecules. Furthermore nitrogen 
molecules , argon molecules etc. also diffuse into air. The total partial pressure is therefore spread 
amongst all gases and vapours which are contained in air; the volume concentration of oxygen 
(20,95%) is not effected. Therefore the air above the water/air phase boundary is always moist to 
the extend that the air is water vapour saturated. 
 
Moist air behaves different to dry air and therefore the formula (4) 
 
 
 
which is valid only for dry air. The formula has to be re-written to include the water vapour: 
 
 
 
 
where PO2  =  partial O2 pressure in water vapour saturated air 
  XO2 =  0,2095 
  Pair =  total atmospheric pressure 
  Pwater =  partial water vapour pressure 
 
Saturated water vapour pressure varies with temperature (see page 17, Table 3), therefore the 
partial oxygen pressure is temperature dependent. 

(6) 

POXYGEN = XOXYGEN • PAIR

PO2  =  XO2 •(Pair - Pwater) (7) 
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Example: 
 
What is the partial pressure for oxygen in water vapour saturated air at sea level and at an air 
temperature of 20 ºC? 
 
    PO2  = XO2 • (Pair - Pwater) 
                                       = 0,2095 • (101,3 - 2,33) 
                                       = 0,2095 • 98,97 
    PO2  = 20,73 kPa 
 
This value is approximately 2,3% below the value for dry air (21,22 kPa). 
 
With formula (7) we can calculate the oxygen concentration of air saturated water in units of the 
partial pressure of oxygen, i.e. in kPa. But industry very often requires the oxygen concentration in 
mg/l or ppm instead of kPa. 
 
The oxygen concentration in any liquid depends on the solubility of oxygen in that liquid and is 
proportional to the partial pressure of oxygen. The conversion from partial pressure to 
concentration is possible with the aid of “Henry’s Law”. 
 
The British physician and chemist William Henry (1775 - 1836) stated in 1803 that 
 
 
 
 
 
 
 
Henry’s Law describes how many litres of a gas dissolves in 1 litre of water at a certain 
temperature and a partial pressure of “P”: 
 
 
 
 
where  S  =  solubility of the gas (by volume) 
    P =  the partial pressure of the gas 
    PN =  atmospheric pressure (1 atm) 101,3 kPa 
           α  =  absorption coefficient (dimension less) acc. to Bunsen 
 
In the case of air saturated water the partial pressure of oxygen for water saturated air has to be 
substituted for “P”. The absorption coefficient “α” changes with every liquid analysed - therefore: 
 
   different solutions have a different dissolved oxygen concentration 
   at the same partial pressure of oxygen. 
 
 
 
 
 
 Partial pressure 
of oxygen = 20,73 kPa 
  
Oxygen concentration  
at air saturated liquids:     = 8,26 mg/l            = 2 mg/l              = 5 mg/l             = 58 mg/l 

“When the temperature is kept constant, the weight 
of a gas that dissolves in a liquid is proportional to 
the pressure exerted by the gas on the liquid, 
provided that no chemical action occurs.” 

Atmospheric pressure 101,3 kPa and a temperature of 25 °C 

α•P
P

=S
N

(8) 
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The absorption coefficient “α” is temperature dependent! 
 

 
        Table 5: α-values for Oxygen in Water 
 
With Henry’s Law, the molar mass (MO2) and the molar volume (VO2) of oxygen, it is possible to 
calculate the saturated oxygen concentration (mg/l) in air saturated water (water in equilibrium 
with air). 
 

 
 
 
 
 
 
 
 where CO2 =  saturated oxygen concentration 
  XO2 =  0,2095 
  Pair =  total atmospheric pressure 
  Pwater =  partial water vapour pressure 
  PN =  atmospheric pressure (1 atm) 101,3 kPa 
  α =  absorption coefficient (dimension less) acc. to Bunsen 
  MO2 =  molar mass of oxygen (32 g/l) 
  VO2 =  molar volume of oxygen (22,414 l/mol) 
 
The values of the saturated oxygen concentration at different temperatures and different pressures 
play an important role for the calibration of dissolved oxygen analysers. Therefore these values 
are combined in 
 
          “Saturated Oxygen Concentration Tables”. 
 
Basically, the values of these tables cannot be determined by calculation, they have to be 
empirically established. As the saturated oxygen concentration in water depends on atmospheric 
pressure and temperature, samples of air saturated water at stable air pressure and at various 
temperatures have to be produced and their oxygen concentration determined. This is normally 
done by an iodometric Winkler titration in a laboratory. Various “Saturated Oxygen Concentration 
Tables” exist with slightly varying values. In Europe the DIN 38 408 table, published in 1986 is 
generally used. The reference for the atmospheric pressure is 101,3 kPa (“DIN” stands for 
“Deutsche Industrie Norm”, which is the German Industrial Standard). 

l/mgV
M

•α•P
)PP(•X

=
2O

2O

N

water
_

air2O
2OC (9) 
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Saturated Oxygen Concentration Table acc. to DIN 38 408 (1986) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Table 6: Saturated oxygen concentration (mg/l) in air saturated water at a water 
                  saturated atmospheric pressure of 101,3 kPa and varying temperature 
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The DIN Saturated Oxygen Concentration Table is based only on one atmospheric pressure 
(101,3 kPa), a calculation is therefore required to establish the saturated oxygen concentration at 
the actual atmospheric pressure. This is done with the aid of formula (10): 
 
 
 
 
 
 
 
 
where  CO2(Pair) = saturated oxygen concentration at actual atmospheric pressure 
  CO2(PN)  = saturated oxygen concentration at 101,3 kPa 
  Pair = actual atmospheric pressure 
  Pwater = partial water pressure 
  PN = standard atmospheric pressure (1 atm) 101,3 kPa 
 
Example: 
 
What is the saturated oxygen concentration at an actual atmospheric pressure of 96,2 kPa and a 
temperature of 20 °C?   
 

 

 

 

      

 

 

         
                                                                 = 8,61 mg/l 
 
Until now we have only discussed oxygen saturated water, i.e. water which has dissolved a 
maximum amount of oxygen, which it theoretically can take up. In this water the same partial 
pressure of oxygen prevails as in the water-saturated air above the water surface. 
 
But it is quite possible that the oxygen concentration in water can be higher or lower than its 
saturation level, that means that the equilibrium of the partial pressure of oxygen between air and 
water no longer exists. Waters not in equilibrium may be very stable in reference to their oxygen 
concentration. They will of course either loose oxygen to the air or gain oxygen from the air, 
whatever the case may be, but these diffusion processes are very, very slow. 
 
In order to determine the saturation condition for oxygen of these waters the so-called 
 
       Oxygen Saturation Index “s” 
 
can be applied. This oxygen saturation index specifies the percentage of the actual oxygen 
concentration in relation to the saturation value CO2. 
 
 
 
 
 
 
where  s   =  oxygen saturation index 
  C   =  actual oxygen concentration 
  C02    =  saturated oxygen concentration 

l/mgC•)PP(
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water
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Example: 
 
What is the oxygen saturation index, if water at 20 °C and at an atmospheric pressure of 98 kPa 
contains 7,12 mg/l oxygen? 
 
A) Initially the saturated oxygen concentration at 98 kPa has to be calculated: 
 
 
 
 
 
 
 
 
       = 8,78 mg/l 
 
B) the oxygen saturation index may now be calculated: 
 
 
 
 
 
 
 
 
        = 81,1% 
 
It is important to note that the same mass concentration of oxygen in water, but at different 
temperatures, will result in different saturation indexes, i.e. the above example at 35 °C would 
result in a saturation index of 106 %. 
 
10. Oxidation - Reduction (redox) 
 
Originally, oxidation was simply regarded as a chemical reaction with oxygen. The reverse 
process - loss of oxygen - was called reduction. 
 
Oxidation and reduction processes occur continuously in nature. Most metals are oxidized directly 
by free oxygen; for example, iron reacts in accordance with the equation: 
 
                                              2 Fe + O2 → 2 FeO 
 
Ferrous oxide (FeO) can also be oxidized further to ferric oxide (Fe2O3): 
 
                                           4 FeO + O2 → 2 Fe2O3 
 
This oxidation reaction may also take place in aqueous solutions, where certain substances form 
ions: 
                             4 Fe2+ + 2 H2O + O2 → 4 Fe3+ + 4OH– 

 
whereby the ferrous ion (Fe++) loses an electron to the oxygen, thus becoming the ferric ion 
(Fe+++), hence passing from the bi-valent to the tri-valent state. 
 
The  last oxidation example leads us to today’s more wider definition of oxidation and reduction 
which is universally accepted and independent from the element oxygen: 
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  Oxidation takes place when a molecule or ion loses electrons 
 
  Reduction takes place when a molecule or ion gains electrons 
 
However, since free electrons hardly exist in any solution, reduction and oxidation reactions are 
always coupled together. It is the movement of electrons that causes both oxidation and reduction: 
one reaction releases just as many electrons via oxidation as the other one consumes via 
reduction. These simultaneous and complimentary reduction and oxidation processes are 
generally called “redox” reactions. 
 
A simple example of a redox reaction is the combination of hydrogen with oxygen to form water: 
 
     2 H2 + O2 →  2 H2O 
 
The hydrogen is oxidized and the oxygen is reduced. 
 
11. The Measuring Principle 
 
In order to determine the oxygen concentration in water a polarographic sensor is commonly used. 
The dissolved oxygen will be reduced at the surface of a noble metal electrode, the working 
electrode, acting as a cathode: 
 
       O2 + 2 H2O + 4 e– → 4 OH– 

 
A silver/silver chloride counter electrode, the anode, releases the required electrons: 
 
       4 Ag → 4 Ag+ + 4 e– 

 
This electron flow from the anode to the cathode represents the measuring signal which is 
proportional to the partial pressure of oxygen in the measured solution. 
 
The above decribed chemical reaction does not start automatically, but has to be imposed by an 
applied voltage which has to have at least the magnitude of the standard redox potential (+401 
mV) of the reaction at the cathode, but with reversed polarity. This negative voltage, the 
polarisation voltage, must be absolute constant and has to be stabilized against a reference 
electrode. 
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Graph 2: Composition of polarisation voltage 

The standard redox potential is measured 
against the standard hydrogen electrode; 
the utilised Ag/AgCl reference electrode 
itself has a potential difference of +210 mV 
against the standard hydrogen electrode. 
The applied polarisation voltage must 
therefore be the sum of both voltages: –
(401 + 210) = –611 mV. This is only an 
indication value, as it will be seen later - the 
actual applied polarisation voltages are 
much higher. 
 
If the applied polarisation voltage is too low, 
lets say below –200 mV, no oxygen 
reduction will take place at the cathode. 
The voltage has to be raised above that  

            value in order that the reduction will start  
            and electrons are consumed at the 
cathode. This will initiate an electron flow from the anode to the cathode, resulting from the 
oxidation at the anode which will release the required electrons. The current will increase steeply 
until a plateau is reached at approximately –600 mV. Even if we increase the voltage any further 
the current will not raise significantly. The chemical reaction is now so fast that all oxygen 
molecules at the cathode are reduced and the resulting electron flow - the measuring current - is 
only dependent on the oxygen concentration in the measured solution (see the diagram below). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At the “Partial Reduction Zone” the polarisation voltage is insufficient to enable a total reduction 
of all oxygen molecules at the cathode. 
 
At the “Diffusion Plateau” the current no longer depends on the polarisation voltage. All oxygen 
molecules at the cathode are reduced. The current is proportional to the quantity of oxygen 
molecules in the sample solution. 
 
The “Operating Point” should be positioned at the middle of the diffusion plateau. 

Graph 3: Diffusion Plateau 
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The oxygen concentration at the working electrode (cathode) is, strictly speaking, not 
representative to the oxygen concentration in the sample solution. Oxygen molecules are 
constantly reduced and therefore the oxygen concentration decreases continuously at the 
cathode. To overcome this problem the measured solution has to be stirred, which always delivers 
fresh oxygen molecules to the working electrode and by that, makes the oxygen concentration at 
the cathode representative to the sample solution. But there will always be a small unstirred 
boundary layer at the cathode surface, no matter how strong the stirring action. Only by diffusion 
can the oxygen molecules reach the cathode surface, the electron flow is thereby governed by this 
diffusion, the current at the plateau is therefore called “Diffusion Current ID”. 
 
12. The Membrane-covered Clark Dissolved Oxygen Sensor 
 
Before 1956 dissolved oxygen sensors consisted of bare, un-insulated noble metal electrodes. 
These sensors had a big drawback as they were quickly coated with the measured medium which 
negatively influenced the measuring result. 
 
It was the American scientist Leland C. Clark (1918 - 2005) who invented a polarographic oxygen 
sensor which consisted of two electrodes, a silver anode and a platinum cathode which are both 
immersed into half-saturated KCl-electrolyte. The electrolyte chamber is separated from the 
sample solution by a Teflon membrane which is held in place by a rubber ring. Oxygen molecules 
from the sample solution diffuse through the membrane into the electrolyte. The platinum cathode 
is completely insulated by a glass cylinder and only the tiny tip, having a diameter of approximately 
20 μm, is exposed to the electrolyte. The electron flow between the two electrodes, when polarized 
with a negative potential of –600 mV, determines the oxygen concentration in the measured 
medium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O2 
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The Clark Dissolved Oxygen Sensor 
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The oxygen sensor developed by Clark is a “two electrode sensor”, i.e. the anode is combined 
with the reference electrode. To fulfil the task as a reference the anode has to be coated with 
silver-chloride (AgCl) or with silver-bromide (AgBr). The electrolyte, which surrounds the anode, 
must also contain the coating material. 
 

The most important development of the Clark oxygen sensor 
is the protection of the electrodes from the measured 
medium by a membrane. This membrane must have the 
ability to allow oxygen to diffuse through it from the 
measured medium to the cathode. Membrane material is 
normally PTFE or FEP, having a thickness of between 10 to 
50 μm. These plastics possess a high oxygen permeability, 
are highly resistant to chemical corrosion and can be 
exposed to relative high temperature. The membrane has to 
be fitted to the sensor in such a manner that it will lie flat 
against the cathode tip in order that all diffused oxygen will 
be reduced. 
 
The membrane-covered Clark sensor constantly requires a 
r to supply oxygen molecules to the sensor cathode. If the 

reduction at the cathode is low the flow velocity can also be low, but if the reduction is fast, the 
flow velocity of the measured medium has to be increased accordingly. 
 

flow of new sample solution in orde

he oxygen consumption at the cathode depends on the thickness of the membrane and the size 

a)   the thicker the membrane the smaller the oxygen consumption 

b)   the smaller the cathode tip area the smaller the oxygen consumption 

y the variation of these parameters to their optimum it is possible to slow the flow velocity of the 

ut contrary to this, the oxygen sensor should have a fast response time which requires a thin 

he measuring signal, which is the electron flow between anode and cathode, is mathematically 

where:   
 

I       =  measured signal 
ns released by the chemical reaction (n = 4) 

T
of the cathode tip area: 
 
 
  combined with a slower response time 
 
 
 
B
measured medium down to less than 5 mm/sec. 
 
B
membrane (approximately 10 μm). The oxygen consumption at the cathode again depends on the 
thickness of the membrane and the size of the cathode tip area; therefore a thin membrane  
requires a high flow velocity of the measured medium of up to 300 mm/sec. 
 
T
expressed by the following equation: 
 
 
 
 
 

 
 n      =  number of electro
 F      =  Faraday’s constant (9,649 • 104A • s • mol –1) 
 PM    =  Oxygen permeability of the membrane 
 PO2   =  Partial pressure of oxygen 
 b      =  Membrane thickness 
 A     =  Area of cathode tip 

O2 O2 O2 
O2 
membran

cathode 

A•b
P

•P•F•n=I 2O
M

(12)
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F formula it can be seen that rom the above the measured signal is directly proportional to the 
partial pressure of oxygen and not to the oxygen concentration. If the measured value must be 
displayed in ppm, ppb or mg/l, the temperature of the sample fluid, the barometric pressure and 
the oxygen solubility of the measured media must be known. A separate temperature probe can 
be used, but most oxygen sensors have a built-in temperature probe. A solubility table for oxygen 
in water (see page 23) is normally included in the software of modern dissolved oxygen meters 
(DO meters), and even a barometric pressure sensor is part of the hardware of these meters. 
 
The membrane’s permeability is also temperature dependent. The oxygen permeability of the 
membrane increases strongly with rising temperature. In other words, increasing permeability at 
higher temperature allows more oxygen to diffuse into the electrolyte of the oxygen probe, even 
though the oxygen partial pressure has not changed. This would result in a rise of the measuring 
current and gives false measuring results if not compensated for with a temperature measurement 
near the membrane. 
 
The temperature dependency of the oxygen diffusion “PM” is explained by the following formula: 
 
 
 
 

where:  
   PM    =   Oxygen permeability of the membrane 
   PStp =   Oxygen permeability at standard condition 
   E =   Initiation energy 
   R =   Gas constant 
   T =   Absolute temperature 
 
The measuring current increases exponentially when the temperature of the membrane rises. 
The temperature dependency of the membrane is normally given as the “membrane temperature 
coefficient” and can be compensated for by the measuring converter via the temperature probe. 
 
13. Calibration 
 
Not every dissolved oxygen sensor supplies the same measuring current for a given oxygen partial 
pressure. Each sensor differs slightly in its physical characteristics and its material composition, its 
slight membrane differences and its electrolyte consumption, which again results in slight 
variations of the measuring current. 
 
As with pH electrodes, the measuring current of dissolved oxygen sensors also decrease slowly 
with time, due to the aging of the electrolyte, therefore each sensor has its own individual 
measuring slope: 
 
    “nA per partial pressure of oxygen”. 
 
For a sufficient high measurement accuracy the output of the measuring converter has to be 
adapted (calibrated) to the sensor zero current and slope at regular intervals. 
 
13.1 Sensor Zero Calibration 
 
The zero current of the oxygen sensor at 0 mbar oxygen partial pressure has to be calibrated first. 
Normally the zero current is negligibly small and almost identical with the converter zero point. 
Nevertheless the sensor zero current should be periodically checked, especially before the 
measurement of low oxygen concentrations. 

(13) 
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Zero-point calibration may be effected either in pure nitrogen or in water saturated with nitrogen. A 
further alternative is the use of a freshly-prepared 2% bisulphite solution. In any case the sensor 
tip must be exposed to 0% oxygen. 
 
The saturation of water with nitrogen takes several minutes. Calibration with pure nitrogen gas is 
faster and more reliable. The nitrogen gas must flow over the sensors tip. The zero-point can be 
read after approximately 2 - 3 minutes. 
 
The zero-point calibration may very often be omitted, as today's oxygen sensors are “zero current 
free”, but it should be performed at least at the “first-time calibration”. As today’s DO converters 
are mostly microprocessor-based, they have the ability to store the oxygen sensor data as 
reference values for sensor statistics. These are the deviations of slope and zero-point, 
corresponding calibration values for temperature, air pressure, response time, calibration date and 
time, all with respect to the reference values of the first-time calibration. 

e 
lectrolyte, or the membrane with electrolyte is replaced. 

3.2 Sensor Slope Calibration 

The slope calibration can be performed either in water, in air or with a calibration solution where 

ter 

ally turated water, i.e. the water must be in 
quilibrium with air. Oxygen exchange between water and air is normally very slow. In order to 

 
ater column and bubbles may appear. A higher partial oxygen pressure, different to the partial 

ve the surface is the result. Another requirement is an absolute constant 
g the calibration time. Water temperature might be influenced by changing 

Pressure and temperature is therefore always 

d to achieve the minimum required flow velocity, the water 
s possible to those expected 

n should be done in air. It is easier to produce water vapour 
 water. The partial pressure of oxygen, as explained previously , is 

 
A first-time calibration has to be performed each time when either the complete sensor, th
e
 
1
 

the oxygen concentration is known. 
 
13.2.1 Calibration in Wa
 
Water calibration is usu  effected in 100% air-sa
e
speed the saturation process up, air may be forced into water by a small fish-tank pump or with the 
aid of a compressed air bottle. Care has to be taken that the air inlet does not take place too deep 
below the water surface and the air velocity is not too fast, as the air might be compressed by the
w
oxygen pressure abo

ater temperature durinw
room temperature and by the cooling effect of the forced air intake. Stabilizing will take much time. 
It follows that it is very difficult to produce air saturated water with an accuracy better than 1 to 2%. 
 
Modern DO converters include a small barometric pressure sensor. As explained previously, the 

xygen sensor incorporates a temperature probe. o
known and the microprocessor automatically does the necessary calculations for ambient pressure 
and temperature compensation for membrane permeability and water solubility. 
 

he calibration water must be stirreT
temperature and pressure conditions should correspond as closely a

 be encountered during the actual measurement. to
 
13.2.2 Calibration in Air 
 
Preferably the slope calibratio
aturated air than air saturateds

the same above the water level and just under the water level. A water bottle filled partly with 
water and left alone approximately for 15 minutes provides 100% water vapour saturated air. It is 
important to keep the tip of the oxygen sensor dry, condensed water drops at the membrane 
influences the oxygen diffusion through the membrane and falsifies the electron current. 
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Parameters like temperature and pressure must remain constant during calibration. 
 
With modern microprocessor DO meters it is no longer required to perform the air calibration in 

ater vapour saturated air. An input is provided to manually enter the ambient relative air humidity 

ration index either just above a water surface or just under 
e water surface. The measuring result in ambient air will be higher than 100% as the partial 

 P  =  partial water vapour pressure 

dex indication of a DO meter in ambient air at 20 °C, 101,3 kPa 
tmospheric pressure and a relative humidity of 50%? 

w
in %. The calibration is set to 100% saturation index. The meter calculates the partial pressure of 
oxygen at the set relative humidity and adds the missing partial pressure of the water vapour. The 
result will be an indication of 100% satu
th
pressure of oxygen in ambient air will be higher because of the missing water vapour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The partial pressure of oxygen in partly water vapour saturated air can be calculated with formula 
(14): 
 

    
 
 

where: 
      PO2” =  partly water vapour saturated air 
  XO2 =  0,2095 
  Pair =  total atmospheric pressure 
 water
  h =  relative humidity in %/100 
 
Example: 
 
What is the saturation in
a
 
                                                 PO2”  = XO2 (Pair - h • Pwater) 
                =  0,2095(101,3 - 0,5 • 2,33) 
                =  0,2095(101,3 - 1,165) 
                =  0,2095 • 100,135 
                 PO2” =  20,98 kPa 

air with 
rH= 50 % 

air with 
rH= 50 % 

measurement mode  
in oxygen saturated water 

100.0 % 

 

calibration mode 

100.0 % 

measurement mode 
in ambient air 

101.2 % 

PO2” = XO2 (Pair - h • Pwater) (14)
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20,73 kPa was the calculated value for the partial pressure of oxygen in water vapour saturated air 
t equal conditions (formula 7, page 21). The percentage difference can then be calculated as 

asy and similarly to the calibration with air saturated water. The oxygen sensor has to be 
mersed into the calibration solution and the known concentration value has to be entered into 
e DO converter after the indication value of the meter’s display has stabilised. 

4. Influence of Salinity 

 a Winkler-Titration is done on air saturated freshwater and, for comparison sake, on air saturated 
eawater, both under identical conditions (temperature and barometric pressure), it will be noticed 
at the oxygen concentration (mg/l) in seawater will be approximately 20% lower than it is in 
eshwater. If these measurements are repeated with a Clark sensor, both measurements will 
nder identical results, as the membrane covered oxygen sensor responds only to the partial 

ressure of oxygen. The partial pressure of oxygen in both, freshwater and seawater under 
entical conditions, is the same, as it is only governed by the air above the water surface. It 
llows that saltwater does not require so much oxygen to establish an equilibrium in the partial 

ressure of oxygen at the phase boundary air/water (see page 20). The solubility of oxygen in 
ater is reduced by the salt content in that water and a dissolved oxygen measurement with a 
lark sensor does not detect this fact. 

n accurate dissolved oxygen concentration measurement with a Clark sensor is possible if one 
an refer to a special Saturation Oxygen Table for Saltwater. Certain microprocessor based DO 

any KNICK incorporated various tables in their DO process meters to take account of the 
fluence of the measured medium’s salt content 

 Salinity to EN 25814 1992 
International Oceanographic Tables, Unesco 

rocess meters via a salinity 

ossible to give a general guidance for the salinity correction when measuring the 
xygen concentration in aqueous solutions. This depends mainly on the ability of the 

 for a wide field of applications. 
ll sen rs ar  quali  prod e with the latest scientific and 
chnic l know dge. AMIL  are based on the Clark’s principle 

o serves as a reference electrode. Each 
r compensation of the temperature dependence 

of the membrane and the measured solution. 

a
follows: 
 
 
 
13.2.3 Calibration with a Calibration Solution 
 
The calibration procedure with calibration solutions where the oxygen concentration is known is 
e
im
th
 
1
 
If
s
th
fr
re
p
id
fo
p
w
C
 
A
c
process meters have these so-called Oceanographic Tables, supplied by Unesco, integrated in 
their instrument software in order to calculated the correct oxygen concentration in seawater. The 
comp
in on solubility: 
 
  
   

 National Institute of Oceanograph  y of Great Britain  
                      Volume 2, Wormley/Godalming/Surrey. 
 
The oxygen concentration can thus be corrected with the KNICK p
factor corresponding to the salt content of the measured medium. 
 
It is not p
dissolved o
available process meters - their operating instructions have to be referred to. 
 

5. The HAMILTON DO Sensors 1
 

he Sw ss company HAMILTT i ON offers dissolved oxygen sensors
dancA so e ty ucts and manufactured in accor

nsorste a le H TON’s dissolved oxygen se
nd anode. The anode alshaving two-electrodes, cathode a

type of sensor contains a 22 kΩ NTC thermistor fo

%2,101=100•73,20
98,20

=P
"P

2O

2O
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HAMILTON offers three types of oxygen sensors: 
 
     1. OXYSENS 

    2. OXYFERM 
    3. OXYGOLD 

ainless steel shaft wit
he outstanding feature o

 it possesses a
h due to a laminated wi

layer (see picture below). 

   3. OXYGOLD 

ainless steel shaft wit
he outstanding feature o

 it possesses a
h due to a laminated wi

layer (see picture below). 

 
 

 
pes have a 12 mm st

varying immersion lengths. One of t

exceptional high mechanical strengt
mesh reinforced silicone 
 

 
pes have a 12 mm st

varying immersion lengths. One of t

exceptional high mechanical strengt
mesh reinforced silicone 
 

All three tyAll three ty h 
f 

n 
re 

thode is selected so that the oxygen is fully reduced 

h 
f 

n 
re 

thode is selected so that the oxygen is fully reduced 

all three types is the OPTIFLOWTM membrane. This 
membrane features fast response times of 30 to 60 seconds 
combined with unusually low flow dependence. Although the 
membrane material is very thin (25 μm)

all three types is the OPTIFLOWTM membrane. This 
membrane features fast response times of 30 to 60 seconds 
combined with unusually low flow dependence. Although the 
membrane material is very thin (25 μm)

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
    
  
 
 
 
 
 

  
 
 
 
 
 
  
  
  
  
  
  
 
 
 
 
  
 
 
 

 
 
 
  
 

he voltage between the anode and the ca
 

he voltage between the anode and the caTT
while other gases are unaffected. The ideal polarisation voltage for a platinum - silver/silver 
chloride electrode combination lies between –600 and –750 mV. 
while other gases are unaffected. The ideal polarisation voltage for a platinum - silver/silver 
chloride electrode combination lies between –600 and –750 mV. 

25 μm oxygen permeable Teflon 

Approximately 150 μm silicon, wire mesh reinforced 

Basic construction diagram  
of HAMILTON oxygen sensors 

Typical voltage/current curve s 
for HAMILTON oxygen sensors 
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15.1 The OXYSENS Dissolved Oxygen Sensor 
 
The OXYSENS was the first maintenance-free dissolved oxygen sensor on the market at an 

he expected lifetime is about two years. 
ment plants, swimming pools, fish farms 

and similar uses. 
 
15.1.1 OXYSENS Technical Data 
 

Serial Number:  
Certificate:   
Measuring Method: 
    
Range:    lved oxygen 
Current in air at 25 °C: 40 … 80 nA 
Residual current in nitrog n:  < 0.5% (relative to current in air) 
Response time t98%: Max. 60 s at 25 °C, from air to nitrogen 
Oxygen consumption: Ca. 20 ng/h in air at 25 °C 
Required flow:    ≥ 0.03 m/s 
Drift at room temperature  
under constant conditions: < 5% every 2 months at 25°C in water 
Max. CO2 partial pressure: 0.01 bar 
Temperature sensor:  NTC 22 kOhm 
Temperature response:  3.1%/K 
Storage temperature:  -10 … 60 °C 

mperature:  0 … 60 °C 
  0 … 4 bar 

mpensation:  Not required 
  Silver platinum combination 

   OPTIFLOW 
diameter:   12 mm 

   PG 13.5 thread 
connector:  5 meter fixed cable 

   Stainless steel 1.4435, silicone, EPDM with FDA  
        approval 

Surface quality of steel:  0.4 μm 
  OXYLYTE, alkaline 

 -670 ± 50 mV 
 time:   < 1 hours 

   No 
Autoclavable:   No 
CIP:    No 
ATEX approval:   Yes, CE 0035      ll 1/2 G Ex ia llC T4/T5/T6 
 
As the OXYSENS sensor is very often used in rivers, lakes and dams, hanging  and 
supported by its cable, HAMILTON provides a stainless steel immersion and 
protection sleeve. This sleeve is provided with a PG 13.5 female thread into which the 

. 

economical price. No membrane exchange is required. T
The OXYSENS is designed for applications in water treat

 Yes 
 Yes 
 Measurement of the electrical current affected by the 
     partial pressure of oxygen 
 40 ppb … 40 ppm of disso
 

e
 
 

  

Working te
Pressure range: 
Pressure co
Electrode system: 
Membrane:
Shaft 
Mounting: 
Electrical 
Wetted materials:
 

Electrolyte: 
Polarization voltage: 
Stabilisation
Steam sterilizable:

OXYSENS sensor is installed. The sleeve not only provides the weight for a quick and 
steady immersion, it also protects the sensor from mechanical damages. The 
immersion sleeve is illustrated by the adjacent picture
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15.2 The OXYFERM Dissolved Oxygen Sensor 
 
The OXYFERM sensors are available in three different types: The 
FDA, the VP and the XL types. “FDA” stands for “Food and Drug 
Administration”. The FDA sensor incorporates a special rounded 
membrane body designed to FDA specification, the membrane 
onsists of approved FDA membrane material and is sanitarily sealed 

re is no gap between membrane 
nd steel body, no additional o-ring has to be applied. The standard 

electrical c t fitting. 
 
The VP ty AM TON 
characterized by its electrical connec on - it ed as IP 68. 

 is applied where a standard G 1¼” weld-in 
gth) has 

r the OXYFERM sensors are the 
RM 

 sterilization (SIP), autoclavation 
ensor’s outstanding feature 

n when sterilized or autoclaved 

e excellent performance of OXYFERM 
ns  without the need for maintenance. 

same conditions require 
les. 

 
 
 
 
 
 
 
 
 
Due to the 
reducing ma
 
Each OXYF
material me e. 
 
Other features include: Upside-down (USD) insertion (bottom of tank) with special USD electrolyte, 
replaceable inner glass body containing cathode and anode, a selection of membrane materials 
(standard, CIP and FDA) negligible drift, fast response and short polarisation time. 

c
to the stainless steel capsule. The
a

onnection of the FDA type is a T82/D4 bayone

pe is the standard H IL OXYFERM sensor and is 
ti  features a VP 6.0 plug classifi

 
The OXYFE MR  XL

fied  it may

rget 

able 
ng  proce

 stab

fter 1
pes  oxyg

socket is present. The “OP-length” (O-ring position len
to be speci ,  be between 22 mm and 55 mm. 
 
 
The main ta fo
biotechnology and pharmaceutical industries. All OXYFE
sensors are suit for steam
and cleani in ss (CIP). The s
is its long-term ility eve
often. 
 
The graph below illustrates th
sensors even a 00 sterilizatio
Other ty of en sensors subject to the 
maintenance after 5 to 10 sterilization cyc
 
 
 
 
 
 

improved design of the sensor, service cycles have been prolonged thus strongly 
intenance which in turn lowers operating costs. 

ERM sensor comes with a material and performance test certificate showing the 
lt number and the serial number of sensor and membran

Sanitary Sealing 

VP 6.0 
Plug 

OXYFERM XL 
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15.2.1 OXYFERM FDA Technical Data 
 

Serial Number:   Yes 
Certificate:    Yes 
Measuring Method:  Measurement of the electrica

          partial pressure of oxygen
Range:    10 ppb … 40 ppm of dissolv
Current in air at 25 °C:  40 … 80 nA 
Residual current in nitrogen: < 0.1% (relative to current in
Response time t98%:  Max. 60 s at 25 °C, fr

l current affected by the 
 
ed oxygen 

 air) 
om air to nitrogen 

Oxygen consumption:  Ca. 20 ng/h in air at 25 °C  

under cons nt conditions: < 1% per week 
Max. CO2 
Temperatu
Temperatu
Storage temperature:  -10 … 60 °C 
Working te  0 … 130 °C 
Pressure ra
Pressure c
Electrode s
Membrane:
Shaft diam
Mounting:   PG 13.5 thread 
Electrical c
Wetted ma

   
Surface qu
Electrolyte:   OXYLYTE, alkaline 
Polarization voltage:  -670 ± 50 mV 
Stabilisatio   < 2 hours 
Steam sterilizable:   Yes 
Autoclavable:   Yes 
CIP:   Yes 
ATEX appr al:   Yes, CE 0035        ll 1/2 G Ex ia llC T4/T5/T6 

eplacing the cathode glass body is easy. For a detailed description refer to page 41. 

wo types of OXYGOLD sensors are available: the OXYGOLD G and B types. These sensors are 

ction of trace quantities of 
xygen down to 1 ppb in power generation plants (e.g. boiler feed water), water treatment, 

detect oxygen 
accurately and reliably in a high CO2 environment, must possess stability at high pressures, have 
fast response and low detection limits combined with a minimum of maintenance. All these 

Required flow:   ≥ 0.03 m/s 
Drift at room temperature  

ta
partial pressure: 0.01 bar 
re sensor:  NTC 22 kOhm 
re response:  3.1%/K 

mperature: 
nge:   0 … 4 bar 

ompensation:  Not required 
ystem:   Silver platinum combination 
   OPTIFLOW FDA 

eter:   12 mm 
 
onnector:  Standard 4 pole T 82/D4 
terials:   Stainless steel 1.4435, EPDM and silicone with FDA 
       approval 
ality of steel:  0.4 μm 

n time: 

 
ov

 
 
 
 
 
 
R
 
15.3 The OXYGOLD Dissolved Oxygen Sensor 
 
T
high-end dissolved oxygen detectors possessing outstanding features hardly found in any other 
sensor. The main application for the OXYGOLD G sensor is the dete
o
semiconductor manufacturing, chemical and pharmaceutical industries. 
 
Demands on oxygen sensors in the beer brewing industry is high. They must 

Pull
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requirements are found in the OXYGOLD B sensor. Due to its CO2-stable acidic electrolyte the 
XYGOLD B has no CO  interference (detection limit in pure CO2 is < 8 ppb) and works under a 

permanent le vacuum and pressure peaks present no 
problem to uency is very low and the membrane 
replaceme ILTO  OXY  

ny bre ery o evera e bott g pla . 
 
The OXYG ab on in process (SIP) and cleaning in 
process (C
 
15.3.1 OXY ta

Yes 

ent of the electrical current affected by the 
  re of oxygen 

 40 ppm of dissolved oxygen 
  

gen: tive to current in air) 
8 : t 25 °C, from air to nitrogen 

in air at 25 °C 

 

se: 

 °C 

n: 
num combination 

 

ad 
to : 

Wetted materials:   Stainless steel 1.4435, silicone, EPDM with FDA  
         approval, Gold 

Surface quality of steel:  < 0.4 μm 
Electrolyte:   OXYLYTE G, alkaline 
Polarization voltage:  -670 ± 50 mV 
Stabilisation time:   < 2 hours 

Autoclavable:   Yes 

ATEX approval:   Yes, CE 0035        ll 1/2 G Ex ia llC T4/T5/T6 

O 2
 operating pressure of 1 200 kPa, even multip
 the OXYGOLD B. The maintenance freq

nt is easy.  The HAM N GOLD B sensor should always be the first choice in
a w r b g lin nt

OLD G sensor is suit le for steam sterilizati
IP), the OXYGOLD B sensor is only suitable for CIP. 

GOLD G Technical Da  
 

Serial Number:   
Certificate:    Yes 
Measuring Method:  Measurem

       partial pressu
Range:    1 ppb …
Current in air at 25 °C:  180 … 500 nA
Residual current in nitro < 0.02% (rela
Response time t9 %  Max. 60 s a
Oxygen consumption:  Ca. 100 ng/h 
Required flow:   ≥ 0.1 m/s 
Drift at room temperature  
under constant conditions: < 1% per week
Max. CO2 partial pressure: 0.01 bar 
Temperature sensor:  NTC 22 kOhm 
Temperature respon  3.1%/K 
Storage temperature:  -10 … 60 °C 
Working temperature:  0 … 130
Pressure range:   0 … 12 bar 
Pressure compensatio  Not required 
Electrode system:   Silver plati
Membrane:   OPTIFLOW
Shaft diameter:   12 mm 
Mounting:    PG 13.5 thre
Electrical connec r  VP 6.0 connector head 

 

Steam sterilizable:   Yes 

CIP:     Yes 
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15.3.2 OXYGOLD B Technical Data 
 

Serial Number:   Yes 
Certificate:    Yes 
Measuring Method:  Measurement of the electrical current affected by the 

          partial pressure of oxygen 
8 ppb … 40 ppm of dissolved oxygen 

urrent in air) 
Max. 60 s at 25 °C, from air to nitrogen 
Ca. 100 ng/h in air at 25 °C 
 0.1 m/s 

ek 
ssure: 

tu  resp se: 

: 
m: num combination 

OPTIFLOW 

r head 
 steel 1.4435, silicone, EPDM with FDA  

  old 
: 

, acidic 

T4/T5/T6 
 

 
een connection of the 

easuring instrument) and the 
nts can be expected. The 
 has diffused through the 

olyte compartment of the sensor during 
applied to the sensor. This 

sult is a 
 concentration indication by the measuring 

. 

epends on the sensor type and on the 
ygen 

sensors specify the stabilization time under the technical data of   their sensors. As these times 
can range between 30 minutes and 24 hours the company HAMILTON has introduced so-called 
“Polarization modules” in order to prepare replacement oxygen sensors for immediate use once 
being connected to a measuring instrument. As the OXYGOLD B sensor differs from the 

Range:    

Response time t98%:  

Required flow:   ≥

Current in air at 25 °C:  180 … 500 nA 
Residual current in nitrogen: < 0.1% (relative to c

Oxygen consumption:  

Drift at room temperature 
under constant conditions: < 1% per we
Max. CO2 partial pre 12 bar 
Temperature sensor:  NTC 22 kOhm 
Tempera re on  3.1%/K 
Storage temperature:  -10 … 60 °C 
Working temperature:  0 … 100 °C 
Pressure range:   0 … 12 bar 
Pressure compensation  Not required 
Electrode syste    Silver plati
Membrane:   
Shaft diameter:   12 mm 
Mounting:    PG 13.5 thread 
Electrical connector:  VP 6.0 connecto
Wetted materials:   Stainless

        approval, G
Surface quality of steel  < 0.4 µm 
Electrolyte:   OXYLYTE B
Polarization voltage:  0 mV 
Stabilisation time:   < 24 hours 
Steam sterilizable:   Yes 
Autoclavable:   Yes 
CIP:    Yes 
ATEX approval:   Yes, CE 0035        ll 1/2 G Ex ia llC 

16. Stabilisation Time – Polarization Modules 

The stabilization time is the time betw
ox en se nverter (m
time when accurate measureme

ing: Oxygen
ctr
oltage was 

ox en ha
temporarily high O2
instrument which is not a measuring result
 
The stabilization time d
required measuring accuracy. Normally manufactures of ox

yg nsor to the co

reason is the follow
membrane into the ele
the time when no v

yg s to be consumed by the cathode first, the re

HAMILTON Polarization Unit 
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OXYGOLD G in its polarization voltage, there are two polarization modules available, one for all 
ensors having a polarization voltage of –670 mV, including the OXYGOLD G sensor and one for 

the OXYGO
 
17. Main HAMILTO

17.1 OXYS
 
The OXYS t temperatures 
between -1  a water-  cap must be 
removed b librated anymore, it must 
be replace
 
17.2 OXYF
 
The OXYFERM dissolved oxygen sensor must be stored at temperatures between -10 °C and  
+60 °C wit n  the s emoved before calibration 
and measu M dry with the exception of the FDA type, 
i.e. no ele e ca embrane cartridge has to be carefully 
unscrewed rinsed esponding electrolyte and then filled with 
1, the cathode/anode glass 
as sensor body. 
 
Af  
vo  of 2 hours the sensor is ready 
for

a short time, the renewed 
po han 2 hours. 
 
Du RM onet plug T82/D4 should be covered by a 
pr  is partially filled with water despite the 
pr nd dried afterwards with a hair dryer. No 
pr . 
 

n rform

sor in air and adjust the 
measuring instrument to 100 %. Immerse the 

laced. 
 

s
LD B sensor. 

tenance of the N Oxygen Sensors 
 

ENS 

ENS dissolved oxygen sensor is maintenance-free. It must be stored a
0 °C and +60 °C with  filled cap covering the sensor tip. This

efore calibration and measurement. If the sensor cannot be ca
d. 

ERM 

h a water-filled cap coveri g ensor tip. This cap must be r
rement. The OXYFER sensors are shipped 
ctrolyte is in the membran rtridge. The m
 from the sensor o e-  with the corb dy, pr r
that electrolyte. Care must be taken not to to5 ml of 

sembly. 

ter conn
ltage ha
 calibrat

larization

ring ext XY E
otective 
otective 
otection 

 operatio  n be 

uch or break 
The filled membrane cartridge has to be screwed tightly to the 

ection to a measuring instrument (process converter, transmitter) the polarization
s to be set to −670 mV ± 50 mV. After a maximum period
ion. 

 
If the sensor is disconnected from the measuring instrument for 

 time must equal twice the nection timdiscon e, but no more t

ernal sterilization the O F sensor’s bay
cap (available from IL ). If the plug HAM TON
cap, the plug should be rinsed with ethanol a
is necessary when using a VP 6.0 connection

A
 

nal sensor check ca pe end as follows: 

Calibrate the polarized sen

sensor in nitrogen gas (i.e. by using a bag filled with 
nitrogen). After the sensor is immersed for 1 minute 
in nitrogen the instrument must show a value below 
2% of the previous value in air. If the value in 
nitrogen is too high the electrolyte might be 
exhausted or the membrane might be deformed or 
otherwise be defective. In such a case the 
electrolyte or the membrane cartridge and the 
electrolyte has to be rep

If the sensor does still not calibrate well, i.e the 
response is to sluggish or the zero current is too 
high, the cathode and the front end of the glass 
body have to be cleaned with the polishing strip 
included in the membrane kit. After cleaning, the 

glass body must be rinsed under a running water tap and dried carefully. 
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If the sensor problem still persists, the cathode has to be replaced. With the cathode the 
membrane also has to be exchanded to obtain the full performance of the sensor. 
The cathode assembly has to be replaced as follows: 

and carefully unscrew the  

2. cathode assembly with deionised water 

Do not 

4. ntacts are dry and clean. 

 

of electrolyte into the new membrane cartridge. The pipette must 

at temperatures between -10 °C and  
p must be removed before calibration 

ctrolyte is in the membrane 
he membrane cartridge re-rinsed 

with the corresponding electrolyte ( re must 
be taken not to touch or break the  capsule 
has to be re-screwed tightly to the s
 
After connection to a measuring arization 
voltage has to be set to −670 mV ± eriod of 
2 hours the sensor is ready for calib
 
For the OXYGOLD B sensor the aximum 
period of 24 hours the sensor is r ered too 
long, please refer to paragraph 16 - the purchase of a polarization module might be advisable. 

 
1. Put the sensor in an upright position 

membrane cartridge. 
 

Flush the replaceable 

turn! 

Please check that all co

and then dry the metal parts. Do not touch anode and cathode! 
 

3. Hold the cathode assembly on the metal part (B) in front of the 
thread (A) and the sensor on the shaft (C) and pull apart. 

 

 
5. Replace the cathode assembly for a new one (blue for 

OXYFERM, yellow for OXYGOLD B and black for OXYGOLD 
G). Rotate the cathode assembly slowly and carefully until the 
correct position is found and then push the cathode assembly into 
the sensor shaft. 

 
6. Check the small O-ring (D) above the thread. Replace if

damaged. 
 

7. Use the 1 ml plastic pipette of the membrane kit to pipette 1,5 ml 

not touch the membrane itself! 
 

8. Screw the cartridge onto the sensor shaft. Any spillage of 
electrolyte should be rinsed away with water. 

 
17.3 OXYGOLD G & B 
 

he OXYGOLD dissolved oxygen sensor must be stored T
+60 °C with a water-filled cap covering the sensor tip. This ca

nd measurement. The OXYGOLD sensors are shipped dry, i.e. no elea
cartridge. T has to be carefully unscrewed from the sensor body, p

G or B) and then filled with 1,5 ml of that electrolyte. Ca
 cathode/anode glass assembly. The filled membrane
ensor body. 

instrument (process converter, transmitter) the pol
50 mV for the OXYGOLD G sensor. After a maximum p
ration. 

polarization voltage must be set to 0 mV. After a m
eady for calibration. If this polarization time is consid



Page 42 

 

18. Connection to Various Process Meters/Converters/Transmitters 
 
As the HAMILTON dissolved oxygen sensors may be connected to most dissolved oxygen 

rocess meters on the 
and measurement 

s supplied with . 

p market it is not possible to describe the process connections, calibration 
settings of these meters in this brochure. Please refer to the operating 

 these measuring instrumentsinstruction
 

Theory is necessary – 
Experience is essential 

Diss

 
Have success with your  
olved Oxygen Measurement! 
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