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More than 70 years of experience

Conductivity measurement has a long 
tradition with our WTW® brand and is 
marked out by edge cutting innova-
tions which continue to shape conduc-
tivity measurement today. For example, 
the development of the four electrode 
measurement cells of the TetraCon® 
series 30 years ago resulted in a univer-
sal measurement cell which still sets the 
benchmark today. Conductivity is mostly 
measured in industrial applications, from 
ultrapure water to concentrated salt solu-

tions, acids and alkalis. In environmental measurements it is used, for 
example, to determine the salinity in brackish and sea water.

With this handbook we want to help the user get to know the basics of 
measurement, make reasons and procedures clearer to the user, and, 
last but not least, provide practical tips for handling and maintenance.
We are happy to be at your disposal at any time, just give us a call!

Dr. Robert Reining
(Director of Xylem Analytics Germany GmbH)

Xylem Analytics Germany Sales GmbH & Co. KG
Am Achalaich 11
82362 Weilheim, Germany
Tel:  +49 881 183-0
Fax:  +49 881 183-420
E-mail: Info.XAGS@xylem.com
Web: www.xylemanalytics.com
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SECTION 1
Fundamentals

The specific electric conductivity 
and electrical conductance are a 
measure of the property of a so-
lution, metal or gas, in short, all 
materials, to conduct electricity. 
In solutions the current is provi-
ded by cations and anions, and by 
electrons in metals. If a substance 
has a high conductance value G 
the electrical respectivly ohmic 
resistance R is low. 
The electrical conductance G is 
the inverse of the resistance

R with the unit Ohm (Ω) and G with 
the unit Siemens (S). At this point 
a look ahead to the measurement 
technology makes sense. In order 
to measure the electrical con-
ductance, voltage is applied to 
electrode pairs and the current is 
measured. During this the cations 
are attracted to the negative elec-
trodes (cathodes), and the anions 
to the positive ones (anodes), with 
the solution thus representing an 
electrical conductor. A conductor 
is defined by its length and dia-
meter. The smaller the distance L 
between electrodes and the gre-
ater the electrode surface A  the 

 

R
G 1
=

greater the measured current at 
the same electrolyte concentrati-
on and same voltage (Fig. 1).

The electrical conductance G ari-
ses from the relationship:

with A as the electrode surface, l 
as the distance between electro-
des, γ as the specific conductivity 
and ρ as the specific resistance. γ 
and ρ are material constants with 
the units S/m and Ω m. This rela-
tionship makes clear the context 
between specific conductivity γ 
and the conductance G. For the 
specific conductivity, besides γ, σ 
and particularly K are commonly 
used as symbols. 

 
l
A

l
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The quotient of the length and 
area is the cell constant K (resul-
ting in the unit m-1).

 

A
lK =

If the cell constant is known, the 
specific conductivity can be cor-
respondingly determined from 
the measured conductance and 
depicts the result of the conduc-
tivity measurement. 

1.1 Conductivity cells
Generally conductivity cells con-
sist of electrode pairs to which a 
voltage is applied. The current is 
measured and the conductivity 
calculated. 

This is however a highly simplified 
explanation. The voltage applied 
is an alternating voltage in order 
to reduce polarization effects. 
The polarization of a conductivi-
ty cell means effects which occur 
on the interface between metal 
and fluid during current flow and 
which appear to alter the conduc-
tivity of the solution. If voltage is 
applied to an electrode a capaci-
tor layer (double layer) is created 
because the electrode attracts in-
versely charged ions.

With increasing distance of the 
electrode in the solution, the ef-
fective voltage continues to drop 
further. Polarization effects can 
be reduced or prevented by ap-
plying an alternating voltage and 
by optimizing the electrode sur-
faces. In an alternating field, inho-
mogeneous charge distribution 
as shown in Fig. 2 cannot form so 
easily because the ions are alter-
nately attracted by the two elec-
trodes. Cations and anions oscil-
late about their location with the 
applied frequency. This effect can 
be compared to a tug-of-war bet-
ween two equally strong teams.

The higher the applied frequency, 
the lower the polarization effects 
that can be expected. Because 
the measuring frequency at high 
conductivity is device related re-
stricted, a suitable electrode ma-
terial must be used, usually graph-
ite or stainless steel.

A

L

+ –
K+

A–

Fig. 1 Representation of an electrical 
conductor
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The „classical“ conductivity cell 
consists of an electrode pair with 
a measurement range which is, 
however, generally restricted to 
low conductivity. Despite high 
frequency and the selection of 
low-polarizing materials, polariz-
ation effects cannot be avoided 
when measuring higher ion con-
centrations. Polarization effects 
generally lead to the display 
of apparently lower measured  
values. 

An enhanced development is pro-
vided by the four-electrode Tetra-
Con® measuring cell from WTW®. 
It has a voltage electrode pair in 
addition to the current electrode 
pair. As a result, the ohmic voltage 
drop is determined in the solution 
with current flowing through it. 
The conductivity value of the so-
lution results from the known cur-
rent and measured voltage drop. 
This measuring method is not af-
fected by polarization resistances. 
Moreover, a four-electrode cell is 
insensitive to measuring errors 
that result from contamination.

The cell constant K cannot be de-
termined by purely „measuring“ 
the electrode distance and area. 
Although the flux lines in the area 
directly between the electrodes 
appear linear, at the edges stray 
fields form and the electrode area 
relevant for the measurement is lar-
ger than the actual geometric area 
(Fig. 3). This effect is encountered 
when the cells are calibrated. The 
cell constant is determined using 
a calibration solution with known 
conductivity, usually a 0.01 mol/L 
KCl solution. This is described in 
more detail later.

1.2 Temperature  
compensation
Conductivity is a parameter that 
is strongly dependent on tempe-
rature. A 0.01 molar potassium 
chloride solution is presented 
here as an example. The conduc-
tivity of this solution at 20 °C is 
1278 μS/cm, whereas, at 25 °C, it 
is 1413 μS/cm. As a result, values 
of the same sample measured 
at different temperatures cannot 
be compared in practice. For this 
reason, the reference tempera-
ture was introduced. It is usually  
20 °C or 25 °C. Conductivity mea-
surements are normally conduc-
ted as follows: the meter records 
the actual conductivity and tempe-
rature, converts it to the reference 
temperature using a temperature 
compensation function and dis-
plays the conductivity at the refe-
rence temperature. Conductivity 
measurements and temperature 
measurement are intrinsically rela-
ted. Thus modern WTW conducti-
vity cells have built-in temperature 
sensors. 

Depending on the type of sample, 
different temperature compensa-
tion functions must be used.

•	 Linear function

•	 Non-linear function (nlF) for 
natural waters according to EN 
27 888 [1]

•	 Non-linear function for ultra
pure water (additional conside-
ration of the intrinsic conducti-
vity of the water)

•	 Non-linear functions for special 
solutions

•	 No compensation
 
Figure 4 illustrates the measuring 
principle of conductivity measu-
rements for a sample (e.g. waste-
water) using nlF temperature com-
pensation.

Fig. 3 Field line stray fields at the edges

+ –

Fig. 4 Measuring principle for con-
ductivity measurement for a sample 
with nlF temperature compensation
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Linear functions are used, e.g. for 
salt solutions, acids and alkalines. 
However, the linear dependency 
is not suitable for many aqueous 
liquids. The temperature depen-
dency can only be described by 
non-linear functions. The non- 
linear function for natural waters, 
i.e. for ground water, surface water, 
drinking water and wastewater is 
an example of this.
Selected values are listed in the 
following table as an example of 
typical conductivity:

Conductivity 
at 25 °C

Ultrapure 
water 0.055 µS/cm

De-ionized 
water 1 µS/cm

Rain water 50 µS/cm

Drinking 
water 500 µS/cm

Industrial 
wastewater 5 mS/cm

Seawater 50 mS/cm

1 mol/L NaCl 85 mS/cm

1 mol/L HCl 332 mS/cm

SECTION  2

Calibration and analyti-
cal quality assurance 

2.1 Calibration
First a preliminary remark: The 
terms calibration and adjustment 
are often used synonymously. 
Strictly speaking, calibration de-
scribes a comparison with set 
points. The determined values 
must lie within specified toleran-
ces. Adjustment means an active 
change of settings.

Compared to pH measurement 
and oxygen measurement, the 
measuring cell does not change 
by the measurement procedure 
in conductivity measurements. At 
least, this is the case if the cell is 
used correctly. The measuring cell 
is made of stainless steel, plati-
num or graphite electrode pairs 
that are chemically resistant and 
whose geometry is determined by 
the cell constant. 

The measuring cells are delivered 
from the factory with a specified 
and tested cell constant and the 
user can start measuring without 
any need for prior determination 
of the cell constant. 

The production-dependent tole-
rances of the cell constant lie bet-
ween 1.5 % and 2 %. If highly pre-
cise measurements are required, 
the cell constant can be precisely 
adjusted using potassium chloride 
solutions (Fig. 6). This generally 
applies to new cells or when a cell 
is changed. In its area of applica-
tion the cell constant is an inalter-
able measurement defined by the 
mechanical parameters of dis-
tance and area, as well as via the 
surface roughness. A calibration 
with more than one standard solu-
tion therefore does not make  
sense.

Fig. 5 Intrinsic dissociation of water

H2O

OH–H3O+

H2O

+ +

Fig. 6 Control standards for  
conductivity cells 

Even the ultrapure water has a 
conductivity. This has its origin in 
the intrinsic dissociation of water 
that, according to the solubility 
product, forms oxonium and hy-
dronium ions.
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To do this, the use of commerci-
ally available KCl solutions is re-
commended as there is no danger 
of error as a result of dilution or 
contaminated substances (KCl or  
water).

Calibration of the conductivity cell 
is to be understood in the sense of 
checking, and not in the sense of 
adjustment, as any change of the 
cell constant is usually caused by 
contamination. It is not logical to 
adjust the cell to the current con-
tamination. It is better to clean the 
cell. 

EN 27 888 recommends regular 
testing at least every six months. 
The standard calibration solution 
that corresponds to the cell cons-
tant must be used to do this. 
All standard conductivity solu-
tions contain highly defined, low 
amounts of dissolved salt in order 
to create a specific conductivity 
value. They are highly sensitive 

to contamination, dilution and 
evaporation if stored in an open 
vessel and thus immediately lose 
their characteristics. 

Please note:

•	All conductivity standards are 
only permitted for single use

•	They must be disposed after 
use

•	Only store in closed vessels

•	Do not use beyond the expiry 
date

The solutions to be used are potas-
sium chloride solutions of different 
concentrations (see Table below).

For the measurement range up 
to 2 µS/  cm, that is, only for the  
ultrapure water such as boiler feed 
water or de-ionized water, no cont-
amination is to be expected. There 
are specific standards available 
for this conductivity measurement 

range which strongly reduce car-
bon dioxide contamination from 
the air through the partial replace-
ment of the water by suitable or-
ganic fluids such as glycerin. They 
are, however, only intended for 
single use and must be handled 
with great care in order to avoid 
contamination. Exposure to the air 
must be limited to a few minutes, 
something which, however, does 
not present a problem due to the 
little time it takes to complete the 
measurement.

Considering the effect of carbon 
dioxide applies to calibration as 
well as to the actual measurement 
(see Fig. 7). It should be perfor-
med under the absence of air or 
using an inert gas

 

H2O CO2
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H+ HCO3
–
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+

+

To check an ultrapure water mea-
surement cell, a simple functio-
nal test is the most useful. If the 
cell provides plausible values for 
de-ionized water, interference can 
be essentially excluded. 

When checking cells for a con-
ductivity range smaller than  
200  µS/cm use the specific stan-
dard solutions available from 
Xylem Analytics. These can be 
obtained with 100 µS/cm or with 
5  µS/cm for the ultrapure water 
range (nominal values at 25  °C). 
It is important to work without 
temperature compensation when 
calibrating; the certificates in the 
deliveries contain the temperature 
curve for comparison. It is recom-
mended to carry out calibrations 
at 25 °C.
For the measurement range up to 
2 mS/cm it is possible and recom-
mended to use the 0.01 mol/L KCl 
solution. 

Within the measurement range up 
to 300 mS/cm a simple check (not 
calibration!) can be carried out 
where the 3 molar KCI solution is 
used for the pH measurement. The 
result should lie within the order of 
magnitude of 300 mS/cm.Table: Recommended standard solution depending on electrode material and 

measurement range

Measuring range Electrode material

Recommended stan-
dard solution C(KCl) 
[mol/L] 

Electrical conductivi-
ty at 25°C [mS/cm]

≤ 200 µS/cm Steel - 5 µS/cm

≤ 2 mS/cm Platinum, graphite 0.01 1.413

Fig. 7 Impact of CO2 from the air on 
the standard solution
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2.1.1 Adjusting and checking 
the cell constant

Conductivity measurements are 
extremely sensitive to ionic con-
tamination. Therefore, the cle-
aned or new conductivity cell 
should be rinsed with standard 
solution before it is submersed in 
the standard solution. For labo-
ratory measurement cells such as 
the  TetraCon® 325, it is recom-
mended to submerse the sen-
sor directly in the freshly opened 
calibration standard bottles to pre-
vent contamination by the sample 
vessel. If this is not possible, the 
vessels to be used should be rin-
sed with standard solution. 

A special case is presented by 
stray fi eld cells. The electrodes are 
attached to the front of the shaft 
(e.g. TetraCon® 700 for online 
measurement). The cell constant 
depends on the size and type of 
the stray fi eld. The stray fi eld is in-
fl uenced by limitations such as the 
base of the vessel or of the moun-
ting tube. As a result, the adjust-
ment or checking of the sensor in 
a mounting tube must be perfor-
med while it is installed. In other 
cases, a minimum distance to the 
vessel wall must be maintained. 
The measured value must be inde-
pendent of the size of the vessel or 
the volume of standard solution.

If the cell constant is adjusted 
to raise the measuring accuracy 
(not to compensate for contami-
nation!), it is important to check 
whether the conductometer has 
an automatic calibration function 
as is the case in modern WTW® 
conductometers. 

If it does, it is suffi cient to submerse 
the cell in 0.01 mol/L KCl solution 
and to start the adjustment pro-
cess (Fig. 8). The background to 
this is that the temperature com-
pensation function of the stan-
dard calibration solution is stored 
in the meter. During this process, 
the meter measures the conduc-
tivity and changes the calculated 
cell constant in such a way that the 
corresponding conductivity of the 
standard solution is reached at the 
selected reference temperature. 
After this is completed, the adjus-
ted cell constant is displayed.

In meters without automatic cali-
bration, this process is performed 
by the user. In this case, the user 
must ensure that adjustment ta-
kes place in the thermostatic state 
(Fig. 9). The control solution and 
measuring cell must be at the re-
ference temperature. The backg-
round for adjusting the cell cons-
tant is the same. The cell constant 

is changed so that, at the refe-
rence temperature, the nominal 
conductivity is achieved as closely 
as possible. As closely as possible 
because the resolution of the cell 
constant is not often high enough 
to enable an adjustment to the ex-
act value (e.g. 1413 µS/cm for 0.01 
molar KCl solution at 25 °C).

Note:
If the conductivity cells continue to 
be submersed in the standard ca-
libration solution after the adjust-
ment is complete and the meter is 
switched to the normal measuring 
mode using, e.g. an nlF tempera-
ture compensation function, this 
usually results in a different measu-
red value. (Reason: A different tem-
perature compensation function!)

If a control measurement only is 
performed with the standard ca-
libration solution and without ad-
justment of the cell constant, the 
correct temperature compensa-
tion function must be considered. 
The value of the linear tempe-
rature compensation for the 
0.01 molar KCl solution is 1.9 %/K 
at a reference temperature of 
20 °C and 2.1 %/K for a reference 
temperature at 25 °C

Alternatively, the control solution 
can be thermostatted precisely to 
the reference temperature where 
adjustment of the corresponding 
temperature compensation func-
tion is no longer required.

Fig. 8 Automatic calibration function Fig. 9 No automatic calibration function

T = konstant

0,01 n
KCl

0,01 n
KCl

T = TRef
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If the conductivity cell is changed, 
the new cell constant must be en-
tered in the conductometer! This 
does not apply to measurement 
systems that work with digital con-
ductivity cells; for these the cell 
constants are saved in the measu-
rement cell‘s electronics and are 
automatically transferred when ch-
anging the meter.

2.1.2 Testing the conductometer

The primary measurement of the 
conductance is the resistance. The 
classical function of a conducto-
meter can be tested using certi-
fi ed test resistors. To do this, we 
provide a set of six different resis-
tors that are connected to the me-
ter instead of the measuring cell 
(Fig. 10). This type of qualifi cation 
is particularly required in context 
with measurements according to 
pharmacopoeia.

Digital conductivity cells can be 
checked via comparative measu-
rements with traceable and cer-
tifi ed reference systems or with a 
corresponding system calibration 
(see below). This type of qualifi ca-
tion is also particularly required in 
context with pharmacopoeia mea-
surements.

If the measured values displayed 
are within the tolerance specifi ed 
in the certifi cate, the functional sa-
fety is met. If the displayed values 
are outside the tolerance, the me-
ter must be sent for adjustment. 
Our test set enables testing within 
the scope of the ISO  9000. It en-
ables the traceability of the mea-
sured values to national standards.

2.2 Derived measured 
parameters
Additional parameters can be de-
rived from the conductivity, parti-
ally via a simple conversion, and 
partially through the introduction 
of additional parameters. Below 
you can fi nd a brief list of the most 
important values:

2.2.1 Salinity

Salinity is an auxiliary value for the 
measurement of oxygen dissolved 
in seawater. The reason for this is 
that the solubility of oxygen re-
duces in the presence of further 
dissolved materials. As this de-
pendency is known and tabulated, 
the salinity value can be used for 
compensation for the comparison 
of the dissolved oxygen concen-
tration. The salinity is a dimensi-
onless value determined from the 
mass of the dissolved salt in the 
mass of water (g/kg). Xylem Ana-
lytics uses the IOT (International 
Oceanographic Tables) [2] to cal-
culate salinity. For IDS multipara-
meter meters with two and three 
channels, in the case of the simul-
taneous connection of a conducti-
vity and oxygen electrode (also in 
the multiparameter depth sonde) 
it is possible to select the compen-
sation directly from the menu. It is 

then automatically calculated in 
the background. For all other oxy-
gen measurements the value can 
be manually set in the equipment. 
Correction is recommended from 
a salinity of 1 %.

2.2.2 Total Dissolved Solids 
(TDS) Filtrate

In order to conclude to the amount 
of the salt dissolved in compara-
ble samples, a conductivity mea-
surement can be used following 
suitable sample preparation with a 
corresponding calibration. For this 
a fi ltered sample is weighted from 
the salt residue remaining after 
evaporation. 

The principle for this measure-
ment is that this determined mass 
can be adjusted to the measured 
conductivity via a proportional fac-
tor that can be adjusted between 
0.40 and 1.00. Following this the 
concentration of dissolved salts 
in similar samples of comparable 
composition can be directly read 
on the meter via the conductivity 
measurement. The base tempera-
ture compensation is usually the 
nlF.

Fig. 10 Set with traceable and certi-
fi ed precision resistances



18 19Conductivity Handbook Conductivity Handbook

SECTION 3

Measurement and ana-
lytical quality assurance 

3.1 Which measuring cell 
is required for which ap-
plication?
As in pH measurement, the selec-
tion of the most suitable con-
ductivity cell depends on the ap-
plication. It is also true that the 
effort required is greater, the cle-
aner the sample to be examined. 
A number of examples have been 
included to illustrate this, but it is 
also important to note that a wide 
number of special cells are availa-
ble:
The standard TetraCon® 325 con-
ductivity cells have graphite elec-
trodes in four conductor techno-
logy and are, thus, insensitive to 
contamination and easy to clean; 
their application is in routine ana-
lysis where the measuring range 
lies between 1 µS/ cm and 2 S/cm.
If a measurement is to be made 
in ultrapure water such as boiler 
feed water or ion exchange wa-
ter, it is necessary to use a fl ow-
through vessel. Contact with the 
air must be excluded. The reason 
for this is the carbon dioxide in the 
air that in turn forms carbonic acid 

in water and leads to a change in 
the conductivity. Two electrodes 
are available depending on the 
measuring range required.

3.2 A special tip and for 
recapitulation
Two points are often overlooked in 
the measurement of conductivity: 
The result is usually referred to the 
reference temperature. Mostly, this 
is 25 °C. If the reference tempera-
ture is set to 20 °C in the meter, 
a very different value is obtained 
that has nothing to do with incor-
rect measurement, but simply has 
a different reference.

To calculate the conductivity at the 
reference temperature, the meter 
converts from the current sample 
temperature using a characteri-
stic function. If this function does 
not correspond to the sample, an 
incorrect value is obtained. If, for 
example, a saline solution is to be 
tested, a linear function is required 
and not the non-linear function for 
natural waters.

2.2.3 Specifi c resistance

The specifi c resistance is merely 
the mathematic reciprocal value 
of the specifi c conductivity. Its 
unit is thus Ohm  ×  cm with the 
corresponding derived prefi xes 
(kOhm  ×  cm, MOhm  ×  cm). In 
some industries it is provided in 
place of the specifi c conductivity, 
particularly in the measurement 
of ultrapure water (0.055 µS/cm at 
25°C corresponds to around 18.2 
MOhm × cm).

Fig. 11 Benchtop conductivity meter, 

Multi 9630 IDS (WTW®)
Fig. 11 Benchtop conductivity meter, 
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These two points should be taken 
into consideration in every measu-
rement, set correctly and also do-
cumented according to the AQA.

3.3 Drift control
Drift control, as with pH and oxy-
gen, does not apply in the case 
of conductivity measurement as 
the displayed measured value is 
the current measured value. The 
time-determining factor is the 
temperature and the associated 
compensation, and it can take a 
little while for a measuring cell to 
cool down from air temperature 
to, for example, that of the water of 
a mountain stream. Precisely this is 
taken into account as part of drift 
control.

3.4 Cleaning the cells
Warm water with some house-
hold detergent has proved itself 
as a suitable cleaning agent for 
organic contamination, alcohol 
may also be used. Carbonate de-
posits are best cleaned using ten-
percent citric acid. It is possible to 
clean graphite, steel or polished 
platinum electrodes mechanically 
using a soft brush. However, make 
sure that the surface of the elec-
trodes is not scratched! Never use 
hard objects such as screwdrivers.

3.5 Storing the measuring 
cells
Cells made of polished platinum, 
steel or graphite will be stored in 
a dry place.

SECTION  4

New measurement 
technologies &  
specific applications 

4.1 Intelligent Digital  
Sensors – IDS
For some years we also offer in-
telligent sensors for conductivity 
measurement where the signal 
processing takes place in the sen-
sor and no longer in the meter. 
The IDS sensors (= intelligent digi-
tal sensors), alongside the digitally 
processed measurement signals, 
provide further important parame-
ters as part of comprehensive data 
sampling, such as description, se-
rial number, calibration status, and 
additionally for conductivity the 
saved cell constant as well as the 
selected temperature compensa-
tion. The advantage of this reloca-
tion of the measurement function 
is evident:

1.	 Without restrictions cable 
lengths of up to 100 m are pos-
sible, as well as the use of wire-
less modules. 

2.	 The sensors can be used wi-
thout issue or re-calibration 
with different meters from the 
IDS MultiLine® or inoLab® Multi 
IDS series. 

The meters themselves provide all 
the necessary options for calibra-
tion, data sampling, display and 
data transfer, as well as conversion 
into derived measured parame-
ters such as specific resistance, 
TDS or salinity conductivity.

4.2 Pharmacopoeia  
conductivity measure-
ments
Conductivity is a simple quality pa-
rameter for the determination of 
the quality of ultrapure water for 
pharmaceutical applications, but 
also for other quality assessments 
for the use of aqueous solutions in 
pharmaceutical production. Addi-
tional regulations exist for these 
cases which can be found in the 
corresponding pharmacopoeia. 
Below a short extract is provided 
with key data that is to be taken 
into account during conductivity 
measurement. [3]



22 23Conductivity Handbook Conductivity Handbook

In general there are just a few 
points to be taken into account: 

1. The measuring meter: The 
minimum resolution of a mea-
surement meter must be 
0.1  µS/cm in the lowest mea-
surement range. The measure-
ment meter must be checked 
with resistances displaying a 
precision of 0.1 % of the res-
pective nominal value.

2. The conductivity cell must be 
made from a chemically-re-
sistant material and the preci-
sion of the cell constant must 
be at least 2 %.

3. (Certifi ed) test solutions must 
be used to check the system.

4. The meter (in the case of ana-
log sensors) must occasionally 
be tested with specifi c test re-
sistances.
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Fig. 12 Portable conductivity meter, 
Multi 3630 IDS (WTW®)
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