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In modern industrial process control, the monitoring of water quality is as critical
as the monitoring of physical parameters like pressure, temperature, and level.
Total Organic Carbon (TOC) is a primary indicator of the organic molecular content
in water, serving as a vital metric for industries ranging from semiconductor
manufacturing and pharmaceuticals to power generation and wastewater
treatment. An in line TOC analyzer provides real-time, continuous measurement of
these organic contaminants, allowing for immediate process adjustments and
ensuring compliance with stringent regulatory standards.

While physical sensors, such as those found on the Main Page of industrial
instrumentation providers, manage the volume and flow of liquids, the in line TOC
analyzer manages the chemical integrity of the fluid itself. This article explores the
principles, selection criteria, and installation requirements for integrating TOC
analysis into industrial automation workflows.

| Measurement Principles of TOC Analysis

Before selecting an in line TOC analyzer, it is essential to understand the
underlying measurement principles. TOC analysis involves the oxidation of organic
molecules into carbon dioxide (CO2), which is then measured and correlated to the
carbon concentration in the original sample.

| 1. UV Oxidation with Conductivity Detection

This method is widely used in high-purity water applications, such as
pharmaceutical USP water or semiconductor ultrapure water (UPW). The sample is
exposed to high-intensity ultraviolet (UV) light, typically at a wavelength of 185
nm. This UV radiation breaks down organic compounds into CO2 and other ions.
The resulting change in the water's electrical conductivity is measured. Since the
relationship between CO2 concentration and conductivity is well-understood in
pure water, the TOC level can be calculated with high precision.

Best for: Low TOC levels (ppb range) in clean water.

Limitation: Not suitable for water with high background conductivity or high
organic loads.
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| 2. UV Persulfate Oxidation

In this approach, a chemical oxidizing agent—usually sodium persulfate—is added
to the sample along with UV exposure. This combination enhances the oxidation
process, allowing the analyzer to handle higher organic loads than UV oxidation
alone. The CO2 produced is typically measured using a Non-Dispersive Infrared
(NDIR) detector after being stripped from the liquid phase.

Best for: Drinking water, cooling water, and some industrial process waters.

Limitation: Requires reagent replenishment and more frequent maintenance.

| 3. High-Temperature Catalytic Combustion

The sample is injected into a furnace heated to temperatures between 680°C and
1,200°C (1,256°F to 2,192°F) in the presence of a catalyst (often platinum-based).
All carbon forms are oxidized to CO2. This method is robust and capable of
breaking down complex organic molecules and particulates that UV methods might
miss.

Best for: Wastewater, high-salt brine, and complex industrial effluents.

Limitation: High energy consumption and wear on the combustion tube and
catalyst.

| The Role of In Line Monitoring in Process Control

Traditional laboratory TOC analysis involves manual sampling and transport to a
central lab, leading to a significant delay (often hours or days) between sampling
and results. An in line TOC analyzer eliminates this lag by providing continuous
data streams directly to the plant's Distributed Control System (DCS) or
Programmable Logic Controller (PLC).

This real-time feedback is crucial for:

Membrane Protection: Detecting organic spikes that could foul expensive Reverse
Osmosis (RO) membranes.
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Product Safety: Ensuring that process water used in food or pharmaceutical
production meets safety thresholds.

Efficiency: Optimizing the dosage of oxidation chemicals in wastewater treatment,
thereby reducing operational costs.

| Key Components of an In Line TOC System

A standard industrial in line TOC analyzer consists of several integrated
subsystems:

1. Sampling System: Includes pumps and valves to draw a representative sample
from the process line. In many cases, a bypass loop is used to ensure the sample is
fresh and the pressure is regulated.

2. Inorganic Carbon (IC) Removal: Before TOC can be measured, Total Inorganic
Carbon (TIC)—such as carbonates and dissolved CO2—must often be removed or
accounted for. This is usually done by acidifying the sample and sparging it with a
carrier gas.

3. Oxidation Reactor: The core where the organic carbon is converted to CO2 via
the methods described above.

4. Detection Unit: Most industrial analyzers use NDIR detectors for CO2 gas or
conductivity sensors for liquid-phase detection.

5. Data Processing: The electronics that convert the detector signal into a TOC
value (mg/L or pg/L) and output it via 4-20mA, Modbus, or Ethernet/IP.

| Selection Criteria for Industrial Applications

Choosing the right in line TOC analyzer requires a balance between accuracy,
maintenance requirements, and the specific characteristics of the water matrix.
The following table provides a comparison based on typical industrial needs.

| Technology Selection Table
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UV/Conductivity UV/Persulfate Catalytic
Combustion

Typical Range 0.5 ppb - 2,000 ppb 0.01 ppm - 100 ppm 1 ppm - 50,000 ppm

Response Time < 1 minute 5 - 10 minutes 5 - 10 minutes

Maintenance Low (Lamp change) Moderate (Reagents) High (Catalyst/Tube)

Particle Handling Poor Fair Excellent

Salt Tolerance None Low High

Primary Use Ultrapure Water Drinking/Process Wastewater/Inflow
Water

| Installation and Engineering Considerations

For an in line TOC analyzer to perform reliably, the installation environment must
be carefully engineered. Unlike a simple level switch or pressure gauge, a TOC
analyzer is a sophisticated analytical instrument.

| Sample Delivery

The sample point should be located in a turbulent section of the pipe to ensure a
representative sample. If the process pressure exceeds the analyzer's
specifications (typically >5 bar or 72.5 psi), a pressure-reducing valve must be
installed. Conversely, if the line is not pressurized, a dedicated sample pump is
required.

| Temperature Control

Most oxidation reactions are temperature-dependent. If the process water is
significantly hotter than 40°C (104°F), a sample cooler (heat exchanger) should be
installed upstream of the analyzer to prevent damage to internal components and
ensure consistent oxidation efficiency.
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| Waste Management

Since these analyzers often involve reagents or acidified samples, the waste
stream from the analyzer must be handled appropriately. It should be piped to an
atmospheric drain that can handle the specific chemical composition of the waste.

| Integration with Level Measurement

In many water treatment plants, TOC analyzers work in tandem with level
measurement instruments. For example, in a storage tank for deionized water, a
radar level meter monitors the volume while the in line TOC analyzer ensures the
water quality hasn't degraded during storage. For information on selecting the
appropriate level sensors for these tanks, engineers can consult resources on the
Main Page of specialized manufacturers to ensure material compatibility with
high-purity fluids.

| Limitations and Common Challenges

While in line TOC analyzers are powerful tools, they are not "set and forget"
devices. Engineers must be aware of the following limitations:

Interferences: High levels of chloride or sulfate can interfere with UV oxidation
methods. Similarly, high turbidity can shield organic molecules from UV light.

Reagent Stability: For analyzers using persulfate or acid, the reagents have a
limited shelf life and are sensitive to temperature. Storage in a climate-controlled
environment is often necessary.

Calibration Drift: Analytical detectors can drift over time. Regular calibration using
certified TOC standards (such as Potassium Hydrogen Phthalate - KHP) is required
to maintain accuracy.

Fouling: In wastewater applications, biofilms or mineral scales can build up in the
sampling lines and oxidation chamber, necessitating automated cleaning cycles.
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| Maintenance Best Practices

To maximize the uptime of an in line TOC analyzer, a proactive maintenance
schedule is essential:

1. Weekly: Check reagent levels and inspect sample lines for leaks or visible
fouling.

2. Monthly: Perform a single-point calibration check using a standard solution.

3. Quarterly/Bi-Annually: Replace UV lamps, pump tubing, and filters. For
combustion units, inspect the catalyst bed and combustion tube for signs of
degradation.

4. Annually: Conduct a full multi-point calibration and system validation.

| Frequently Asked Questions (FAQ)

Q: What is the difference between TOC and COD/BOD?

A: TOC measures the actual carbon content. Chemical Oxygen Demand (COD) and
Biochemical Oxygen Demand (BOD) measure the amount of oxygen required to
oxidize the organic matter chemically or biologically. While TOC is a faster and
cleaner measurement, COD and BOD are still required by some environmental
regulations.

Q: Can an in line TOC analyzer detect all organic compounds?

A: No single technology detects every organic compound with 100% efficiency.
Combustion-based analyzers come closest, while UV-based systems may struggle
with large, complex, or highly stable organic molecules like certain plastics or oils.

Q: How do | handle particulates in the sample?

A: If the particulates are not part of the organic load you wish to measure, a
40-100 micron filter should be installed. If the particulates are organic and must be
measured, a combustion-based analyzer with a wide-bore sampling system is
necessary.
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Q: Is it possible to use one analyzer for multiple sample points?

A: Yes, many in line TOC analyzers can be equipped with a multi-stream
sequencer. This allows the device to cycle through samples from different
locations (e.g., the inlet and outlet of a filtration system), though this increases the
response time for each individual point.

| Conclusion

The implementation of an in line TOC analyzer is a significant step toward
achieving comprehensive process automation and quality assurance. By
understanding the specific needs of the application—whether it is the extreme
sensitivity required for ultrapure water or the ruggedness needed for industrial
effluent—engineers can select the appropriate oxidation and detection technology.
When integrated with robust physical monitoring tools like those found on the Main
Page, TOC analyzers provide the data necessary to optimize industrial water
systems for both efficiency and compliance.

Welk Reference Guide 8



