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Continuous Toc Analyzer

A practical guide to continuous toc analyzer, covering the reader intent, the
relationship to continuous toc analyzer, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In modern industrial process control and environmental monitoring, the continuous
TOC analyzer serves as a critical instrument for quantifying the total organic
carbon content in water streams. Unlike periodic laboratory testing, continuous
monitoring provides real-time data, allowing for immediate response to process
upsets, contamination events, or regulatory compliance shifts. This guide explores
the engineering principles, selection criteria, and integration strategies for these
instruments within industrial frameworks, including their relationship with essential
process monitoring tools found on the Main Page.

| Measurement Principles of TOC Analysis

Total Organic Carbon (TOC) is a measure of the amount of carbon found in an
organic compound. In water analysis, it is often used as a non-specific indicator of
water quality or cleanliness of process effluents. To measure TOC, organic
molecules must be broken down into a measurable form, typically carbon dioxide
{£02].

| The Two-Step Process

Most continuous TOC analyzers follow a standardized two-step procedure:
oxidation and detection.

1. Oxidation: The organic carbon in the sample is oxidized to form CO2. There are
several methods to achieve this:

High-Temperature Combustion: The sample is injected into a furnace (typically
680°C to 1,200°C) in an oxygen-rich environment. This method is highly effective
for samples with high particulate matter or complex organic structures.

UV/Persulfate Oxidation: The sample is mixed with a chemical oxidant (persulfate)
and exposed to ultraviolet (UV) light. This method is common for cleaner water
applications, such as ultrapure water or drinking water, as it is generally more
sensitive to low concentrations.

UV-Only Oxidation: Relies solely on UV light to oxidize organics. This is typically
reserved for extremely clean water applications (e.g., semiconductor
manufacturing).
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2. Detection: Once the CO2 is generated, it must be quantified. The most common
detection method is Non-Dispersive Infrared (NDIR). The NDIR detector measures
the absorbance of infrared light at a specific wavelength characteristic of CO2. The
amount of light absorbed is proportional to the concentration of CO2, which in turn
reflects the TOC concentration in the original sample.

| TOC vs. TIC and TC

It is important to distinguish between the various carbon fractions:
Total Carbon (TC): All carbon in the sample.

Total Inorganic Carbon (TIC): Carbon from carbonates, bicarbonates, and dissolved
cCO2.

Total Organic Carbon (TOC): Calculated as TC minus TIC. Many analyzers first
remove TIC by acidifying the sample and sparging it with a carrier gas before
performing the oxidation step to measure TOC directly (often referred to as
Non-Purgeable Organic Carbon or NPOC).

The Synergy Between TOC Analyzers and Level
Instrumentation

In a complex industrial facility, a continuous TOC analyzer does not operate in
isolation. It is part of a broader liquid management system where volume, flow,
and composition are monitored simultaneously. For instance, in a wastewater
treatment plant, knowing the TOC level is vital, but knowing the volume of the
basin via a radar level meter or ultrasonic level sensor is equally critical for
calculating the total organic load (mass flow).
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Welk provides various level measurement solutions that complement TOC
monitoring. For example, hydrostatic level transmitters are often used in reagent
tanks that supply the TOC analyzer with acid or persulfate. If the reagent level
drops too low, the analyzer's data becomes invalid. Similarly, ultrasonic level
sensors can monitor the head pressure in a sample bypass line to ensure a
constant flow rate to the analyzer's inlet. Integrating these sensors ensures the
reliability of the analytical data. For more information on the types of level sensors
that support these systems, visit the Main Page.

| Selection Criteria for Continuous Monitoring

Choosing the right continuous TOC analyzer requires an evaluation of the sample
matrix, the required detection range, and the operational environment. The
following table provides a comparison of the primary oxidation technologies used
in industrial settings.

| Practical Selection Table

High-Temperature UV / Persulfate Membrane

Combustion Oxidation Conductometric

Best Application Wastewater, high Drinking water, Ultrapure water,
salts, particulates cooling water, pharmaceutical (WFI)
process water

Detection Range 100 ppb to 50,000 10 ppb to 2,000 ppm 0.05 ppb to 2 ppm
ppm

Particle Tolerance High (up to 500 pm Low (requires Very Low (requires
or more) filtration) filtration)

Response Time 3 to 10 minutes 5 to 15 minutes Real-time / 1 minute

Maintenance High Moderate (reagent Low (membrane/UV
(catalyst/combustion replacement) lamp)
tube)

Salt Tolerance Good (with Moderate Poor

specialized kits)
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| Key Evaluation Factors

1. Sample Matrix: Does the water contain high levels of salts, fats, oils, or greases
(FOG)? Combustion units handle these better, whereas UV systems may suffer
from lamp scaling or incomplete oxidation.

2. Required Sensitivity: For pharmaceutical or semiconductor applications, a
membrane-based conductometric analyzer is preferred for its parts-per-billion
(ppb) sensitivity. For industrial effluent, a combustion unit with parts-per-million
(ppm) range is more appropriate.

3. Regulatory Compliance: Ensure the analyzer meets specific standards such as
EPA 415.1, DIN EN 1484, or USP <643> depending on the industry.

| Installation Considerations and Sample Handling

The accuracy of a continuous TOC analyzer is often limited not by the detector
itself, but by the sample delivery system. Proper installation is paramount to
ensure the sample reaching the analyzer is representative of the process stream.

| Sample Conditioning

Filtration: If using UV/Persulfate oxidation, a self-cleaning bypass filter is often
necessary to prevent clogging of the small-bore tubing inside the analyzer.
Combustion units can handle larger particles but still benefit from a coarse
strainer.

Pressure Regulation: Most analyzers require a stable inlet pressure, typically
between 0.5 and 2 bar (50 to 200 kPa). If the process line pressure is higher, a
pressure-reducing valve must be installed.

Temperature Control: If the sample is excessively hot (e.g., >50°C), a sample
cooler or heat exchanger may be required to protect the analyzer's internal
components.
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| Physical Location

Proximity: The analyzer should be located as close to the sampling point as
possible to minimize lag time. If a long distance is unavoidable, a high-flow bypass
loop should be used.

Environment: While many industrial TOC analyzers are rated for NEMA 4X or IP65,
they contain sensitive electronics and optics. Installing them in a
temperature-controlled shelter extends the life of the UV lamps and NDIR
detectors.

Drainage: Analyzers generate a waste stream (often acidified). Ensure there is a
gravity drain or a waste pump capable of handling the effluent volume, which
typically ranges from 10 to 100 mL/min.

Operational Limitations and Maintenance
Requirements

While "continuous" implies 24/7 operation, these instruments require a structured
maintenance program to remain accurate.

| Common Limitations

Interference: High concentrations of chloride or sulfur can interfere with the
oxidation process or damage the catalyst in combustion units. In UV systems, high
turbidity can shield organic molecules from the light, leading to under-reporting of
TOC.

Reagent Consumption: Systems using chemical oxidation require a steady supply
of acid and oxidant. Monitoring these levels with hydrostatic transmitters or level
switches is a best practice to prevent downtime.

Carry-over: In applications where TOC levels fluctuate wildly (e.g., from 10 ppm to
1,000 ppm), the analyzer may experience "memory effects" or carry-over, where
residues from a high-concentration sample affect the subsequent
low-concentration reading.
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| Maintenance Checklist

Weekly: Check reagent levels and inspect the sample filter for fouling.

Monthly: Perform a single-point calibration check using a certified standard (e.g.,
Potassium Hydrogen Phthalate - KHP).

Quarterly/Semi-Annually: Replace pump tubing (peristaltic pumps), UV lamps, and
inspect the NDIR bench for moisture or dust.

Annually: Replace the combustion tube and catalyst (for combustion units) and
perform a full multi-point calibration.

| Frequently Asked Questions

Q: How does a continuous TOC analyzer differ from a COD analyzer?

A: Chemical Oxygen Demand (COD) measures the amount of oxygen required to
chemically oxidize organic matter, whereas TOC measures the carbon directly.
While they often correlate, TOC is generally considered a more precise and
environmentally friendly measurement because it does not require hazardous
reagents like potassium dichromate or mercury.

Q: Can a TOC analyzer measure VOCs?

A: Most continuous TOC analyzers are configured as NPOC (Non-Purgeable Organic
Carbon) analyzers. During the acidification and sparging step used to remove
inorganic carbon, some Volatile Organic Compounds (VOCs) may also be purged
and lost. If VOC measurement is critical, a specialized "True TOC" analyzer that
measures both purgeable and non-purgeable fractions is required.

Q: What is the typical lifespan of a UV lamp in these units?

A: In continuous operation, a high-quality UV lamp typically lasts between 6 and 12
months. Many modern analyzers track lamp hours and provide a diagnostic alert
when the intensity drops below a certain threshold.

Q: Is it possible to use one analyzer for multiple sample streams?
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A: Yes, many manufacturers offer multi-stream sequencers. These systems use a
series of solenoid valves to switch between different sample points. However, this
increases the cycle time for each stream and introduces the risk of
cross-contamination if the lines are not properly flushed between samples.

Q: How do | handle high-salt samples in a combustion analyzer?

A: High salt concentrations (e.g., brine or seawater) can melt and encapsulate the
catalyst, deactivated it. For these applications, engineers should specify a "salt kit"
which usually includes a larger diameter combustion tube and a specialized
catalyst designed to allow salts to pass through to a wash-out section.

By understanding these principles and selection criteria, process engineers can
successfully implement continuous TOC monitoring to improve plant efficiency and
ensure environmental compliance. For the essential level measurement
instruments needed to support these analytical systems, refer to the technical
specifications available on the Main Page.
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