What Is the Unit of
Conductivity

A practical guide to what is the unit of conductivity, covering the reader intent, the
relationship to what is the unit of conductivity, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.
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In the realm of industrial process control and liquid management, understanding
the electrical properties of a medium is essential for accurate measurement and
system safety. One of the most critical parameters is electrical conductivity. For
engineers, plant managers, and technicians, the question "what is the unit of
conductivity" is not merely academic; it is a fundamental requirement for
calibrating sensors, interpreting water quality data, and selecting the appropriate
level measurement technology.

Conductivity serves as a proxy for the concentration of dissolved ions in a liquid,
making it a cornerstone for applications ranging from ultrapure water production in
pharmaceuticals to chemical concentration monitoring in heavy industry. This
guide provides a comprehensive technical overview of conductivity units,
measurement principles, and their practical implications in industrial level and flow
instrumentation.

Understanding Electrical Conductivity in Industrial
Processes

Electrical conductivity, often symbolized by the Greek letter sigma ($\sigma$) or
kappa ($\kappa$), is a measure of a material's ability to conduct an electric
current. In liquids, this conduction occurs through the movement of ions—atoms or
molecules that have lost or gained electrons, giving them a net electrical charge.
Common ions include sodium ($Na”™+3$), chloride ($CI™-$), calcium ($Ca"~{2+1}9%),
and magnesium ($Mg~™{2+1}%).

In a B2B industrial context, conductivity measurement is used to:
Monitor Water Quality: Detecting impurities in boiler feedwater or cooling towers.

Interface Detection: Distinguishing between two different liquids (e.g., oil and
water) in a tank.

Chemical Dosing: Ensuring the correct concentration of acids or bases in a process
loop.
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Leak Detection: Identifying when a process fluid has contaminated a condensate
line.

Before selecting an instrument from a Main Page of industrial sensors, it is vital to
understand the specific range of conductivity your application requires.

| Defining the Units: From Siemens to Microsiemens

When addressing the question, what is the unit of conductivity, we must look at the
International System of Units (Sl). The standard unit for electrical conductance is
the Siemens (S), named after Werner von Siemens. However, conductivity is a bulk
property, meaning it accounts for the geometry of the measurement area.

|The S| Unit: Siemens per Meter (S/m)

The formal SI unit for conductivity is Siemens per meter (S/m). In high-level physics
and some specific chemical engineering calculations, this is the standard.
However, S/m is often too large a unit for common industrial water applications.

| Practical Industrial Units: pS/cm and mS/cm

In most practical engineering scenarios, conductivity is measured in smaller
increments relative to a centimeter. The most common units are:

1. Microsiemens per centimeter (uS/cm): Used for low-conductivity fluids like
distilled water, condensate, and ultrapure water.

2. Millisiemens per centimeter (mS/cm): Used for high-conductivity fluids like
seawater, concentrated acids, and industrial wastewater.

| Conversion and Relationships

Understanding how these units relate to one another is crucial for configuration
and data logging:

1S/m =100 mS/m = 10,000 pS/cm
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1 mS/cm = 1,000 pS/cm

1S/ecm = 1,000 mS/cm = 1,000,000 uS/cm

| Conductivity vs. Resistivity

In the semiconductor and power industries, water purity is often expressed as
Resistivity, which is the mathematical reciprocal of conductivity. The unit for
resistivity is the Ohm-centimeter ($\Omega\cdot\text{cm}$).

Formula: $\text{Conductivity} = 1/ \text{Resistivity}$

Example: Ultrapure water has a resistivity of 18.2 M$\Omega\cdot\text{cm}$,
which corresponds to a conductivity of approximately 0.055 puS/cm.

Measurement Principles: Contacting vs. Inductive
Methods

To accurately report what is the unit of conductivity in a live process, sensors
employ two primary measurement principles. The choice between them depends
on the fluid's corrosiveness, the expected conductivity range, and the potential for
sensor fouling.

| 1. Contacting Conductivity Measurement

This method uses electrodes (usually two or four) that come into direct contact
with the liquid. A voltage is applied between the electrodes, and the resulting
current is measured.

Two-Pole Cells: Ideal for low-conductivity applications (e.g., pure water). They are
sensitive to electrode polarization and fouling.

Four-Pole Cells: Use two current-carrying electrodes and two potential-sensing
electrodes. This design minimizes the impact of cable resistance and electrode
polarization, making it suitable for a wider range of conductivities.



What Is the Unit of Conductivity

Cell Constant (K): This is a critical factor defined as the ratio of the distance
between electrodes (L) to the area of the electrodes (A). $K = L/ A%. The
measured conductance is multiplied by the cell constant to provide the
conductivity value in S/cm or uS/cm.

|2. Inductive (Toroidal) Conductivity Measurement

Inductive sensors use two wire-wound coils (toroids) encased in a plastic or
ceramic housing. One coil induces an electric current in the surrounding liquid, and
the second coil measures the strength of that current.

Advantages: No direct contact between electrodes and the fluid. This makes them
immune to fouling, coating, and corrosion.

Application: Best for high-conductivity liquids (above 100 uS/cm) and aggressive
chemicals like brine or concentrated sulfuric acid.

Conductivity and Level Measurement Technology
Selection

Conductivity is not just a value to be monitored; it directly influences the selection
of level measurement instruments. As a manufacturer like Welk provides various
solutions, understanding the media's conductivity ensures the chosen device
functions correctly.

| Conductive Level Switches

These are the most direct application of conductivity in level sensing. A conductive
probe is inserted into a tank. When the conductive liquid reaches the probe, it
completes an electrical circuit between the probe and the tank wall (or a reference
probe).

Requirement: The liquid must have a minimum conductivity (usually >10 puS/cm) to
trigger the relay.

Application: High/low level alarms in water tanks or sumps.
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| Impact on Radar and Ultrasonic Sensors

While radar level meters primarily depend on the dielectric constant
($\varepsilonr$) of the medium, there is often a correlation between conductivity
and dielectric properties in agueous solutions. Highly conductive liquids (like acids
or salt water) typically have high dielectric constants, which provide very strong
signal reflections for non-contact radar. Conversely, non-conductive hydrocarbons
(oils) have low dielectric constants and may require more sensitive radar
configurations.

| Capacitance Level Sensors

Capacitance sensors measure the change in electrical capacitance between two
electrodes. If the liquid is conductive, the probe must be insulated (e.g., with PTFE).
The conductivity of the liquid effectively turns the liquid into one of the capacitor
plates. If the conductivity is too low, the measurement may become unstable or
require a different probe design.

| Industrial Conductivity Reference Values

To assist in engineering selection, the following table outlines typical conductivity
ranges for common industrial fluids. When determining what is the unit of
conductivity for your specific project, use these as a baseline.
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Fluid Type Typical Conductivity Preferred Measurement
(KrS/cm) Method

Ultrapure Water 0.055-0.1 2-Pole Contacting

Distilled Water 0.5-5.0 2-Pole Contacting

Boiler Feedwater 1.0 -50 2-Pole or 4-Pole Contacting

Potable (Tap) Water 50 - 800 4-Pole Contacting

Brackish Water 1,000 - 10,000 4-Pole or Inductive

Seawater 50,000 - 55,000 Inductive

10% Sulfuric Acid ~400,000 Inductive

31% Nitric Acid ~850,000 Inductive

| Installation Considerations and Best Practices

Proper installation is required to ensure that the reported unit of conductivity is
accurate and repeatable.

| 1. Temperature Compensation

Conductivity is highly temperature-dependent. As temperature increases, the
mobility of ions increases, leading to higher conductivity (typically a 2% increase
per degree Celsius). Most modern industrial transmitters use a temperature sensor
(like a PT100 or PT1000) to normalize the reading to a reference temperature,
usually 25°C. This is known as "Standardized Conductivity."
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| 2. Avoiding Air Bubbles and Solids

Air is non-conductive. If air bubbles accumulate on the surface of a contacting
electrode, the measured conductivity will be lower than the actual value. Sensors
should be installed in a location with steady flow and no cavitation. In piping,
installing the sensor on the side or bottom (if no sediment is present) is preferred
over the top.

| 3. Cable Shielding and Length

Because conductivity signals (especially in low ranges) involve very low currents,
electromagnetic interference (EMI) can distort the reading. Always use shielded
cables and keep the distance between the sensor and the transmitter as short as
possible, or use a digital (Smart) sensor that converts the signal to a robust
protocol like Modbus or 4-20mA at the sensor head.

| 4. Cell Constant Calibration

Over time, the physical dimensions of contacting electrodes can change due to
erosion or coating. Regular calibration using standard solutions (e.g., 1413 pS/cm)
is necessary to verify the cell constant ($K$). If the cell constant deviates
significantly from its nominal value, the sensor should be cleaned or replaced.

Limitations and Challenges in Conductivity
Measurement

While conductivity is a powerful tool, it has distinct limitations that engineers must
account for:

Non-Specific Measurement: Conductivity tells you how many ions are in the water,
but it does not tell you which ions are present. It cannot distinguish between
sodium chloride and calcium carbonate.
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Non-Conductive Fluids: Conductivity sensors cannot measure the level or
concentration of non-polar liquids like oils, fuels, or pure solvents. For these
applications, ultrasonic or radar level meters are required.

Fouling and Scaling: In wastewater or lime slurry applications, solids can build up
on electrodes. This increases the resistance and lowers the apparent conductivity.
Inductive sensors are the standard solution for these "dirty" environments.

High Viscosity: Extremely viscous fluids may not flow freely through the hole of a
toroidal (inductive) sensor, leading to stagnant readings.

| Frequently Asked Questions

What is the unit of conductivity in the US customary
system?

While the US uses imperial units for many measurements, conductivity is almost
universally measured using the metric Sl-derived units (uS/cm or mS/cm) in both
laboratory and industrial settings.

Can | use a conductivity sensor to measure the level
of oil?

No. Oil is an insulator with extremely low conductivity. A conductive level switch
will not detect the presence of oil. Instead, use a float switch, ultrasonic sensor, or
radar level meter.

| How does TDS relate to conductivity?

TDS (Total Dissolved Solids) is often estimated from conductivity. The general rule
of thumb is:

$TDS (mg/L) = Conductivity (uS/cm) \times 0.67$%

However, this factor varies depending on the specific salts present in the water.
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| Why is my conductivity reading jumping around?

This is often caused by air bubbles, improper grounding, or electrical noise from
nearby high-voltage equipment (like Variable Frequency Drives). Ensure the sensor
is properly submerged and the cable shielding is grounded at the transmitter end.

| Conclusion

Identifying and correctly applying the unit of conductivity is a prerequisite for
successful process automation. Whether you are managing a municipal water
treatment plant or a complex chemical refinery, the distinction between puS/cm and
mS/cm ensures that your instrumentation is calibrated for the specific ionic density
of your media. By understanding the relationship between conductivity,
temperature, and sensor technology, you can select the most reliable level and
analytical solutions for your facility. For a full range of compatible measurement
hardware, professionals should consult the technical specifications found on the
Main Page of their preferred instrument supplier.
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