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Standard Test Method for

On-Line Monitoring of Carbon Compounds in Water by
Chemical Oxidation, by UV Light Oxidation, by Both, or by
High Temperature Combustion Followed by Gas Phase
NDIR or by Electrolytic Conductivity !

This standard is issued under the fixed designation D 5173; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope D 3694 Practices for Preparation of Sample Containers and

1.1 This test method covers the selection, establishment, _for Preservation of Organic Constituehts
and application of monitoring systems for carbon and carbon D 3864 Guide for Continual On-Line Monitoring Systems
compounds by continual sampling or continuous flow-through, ~_for Water Analysi$ _
automatic analysis, and recording or otherwise signaling of D 4453 Practice for Handling of Ultra-Pure Water Samples
output data. The system chosen will depend on the purpose for D 4779 Test Method for Total, Organic, and Inorganic
which it is intended (for example, regulatory compliance,  Carbon in High Purity Water by Ultraviolet (UV) or
process monitoring, or to alert the user to adverse trends) and _Persulfate Oxidation, or Both, and Infrared Detection
on the type of water to be monitored (low purity or high purity, D 4839 Test Method for Total Carbon and Organic Carbon
with or without suspended particulates, purgeable organics, or I Water by Ultraviolet, or Persulfate Oxidation, or Both,
inorganic carbon). If it is to be used for regulatory compliance, ~ and Infrared Detectioh
the test method published or referenced in the regulationg
should be used in conjunction with this test method and other” L o ] )
ASTM test methods. The test method covers carbon concen- 3-1 Definitions—For definitions of terms used in this test

Terminology

trations of 10 pg/L to 5000 mgl/L. method, refer to Terminology D 1129 and Guide D 3864.
st;ﬁza-lr—ge values stated in Sl units are to be regarded as trua_ Summary of Test Method

1.3 This standard does not purport to address all of the 41 Arepresentative sample of a water stream, or the water
safety concerns, if any, associated with its use. It is thetream itself flows into a reaction chamber where all or some

responsibility of the user of this standard to establish appro-Of the dissolved organic carbon is oxidized to carbon dioxide

priate safety and health practices and determine the applical¥ €ither of two means:1j a chemical oxidant, an energy

bility of regulatory limitations prior to useFor specific hazard SOU'ce such as ultraviolet (UV) radiation, or both, 2y figh
statements, see Section 9. temperature combustion. This carbon dioxide is subsequently

measured in the gas phase by a non-dispersive infrared

2. Referenced Documents detector, or is measured in solution by means of electrolytic
2.1 ASTM Standards: conductivity. Interference may occur from the latter method if
D 1129 Terminology Relating to Water the water sample has a high con(.juctllwty. N
D 1193 Specification for Reagent Waer 4.2 If there are suspended solids in the water stream, it is

D 2777 Practice for Determination of Precision and Bias of2dvisable to filter them out to prevent accumulation and
Applicable Test Methods of Committee D-19 on Water possible blockage in the analyzer. The instrument will then
D 3370 Practices for Sampling Water from Closed Con-measure dissolved carbon plus any particulate carbon that
duit passes the filter. This parameter is usually called dissolved

carbon.

1 This test method is under the jurisdiction of ASTM Committee D19 on Water
and is the direct responsibility of Subcommittee D19.03 on Sampling of Water and
Water-Formed Deposits, Surveillance of Water, and Flow Measurement of Water.
Current edition approved Feb. 10, 1997. Published April 1997. Originally
published as D 5173 —91. Last previous edition D 5173 — 91 (1995). —
2 Annual Book of ASTM Standardgol 11.01. 3 Annual Book of ASTM Standardgol 11.02.
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4.3 If there is inorganic carbon present in the water (in the INTERMITTENT FLOW FOR HIGH PURITY WATER
form of carbonate, bicarbonate, or carbon dioxide), it will also
be detected as carbon dioxide. If inorganic carbon is not
removed before analysis, the monitor will report total carbon. o

4.4 Inorganic carbon is removed from the water stream by
acidifying and sparging the sample. This process may also
remove purgeable organic compounds.

4.5 Suspended elemental carbon will not be oxidized by
low-temperature methods.

PROCESS STREAM

CONTROULER
AND
DISPLAY

5. Significance and Use % WY HOHT = ===

5.1 Accurate measurement of organic carbon in water at low
and very low levels is of particular interest to the electronic,
pharmaceutical, and steam power generation industries.

5.2 Elevated levels of organics in raw water tend to degrade
ion exchange resin capacity. Elevated levels of organics in high
purity water tend to support biological growth and, in some \ /
cases, are directly detrimental to the processes that require high DRAN

purity water. : . .
53 In the case of steam power generation. naturally occur- Note 1—The unit employs available water system pressure to rinse the
: p 9 ’ y line and test chamber, followed by a downstream valve closure that

ring organics can become degraded to,@@d low molecular spjates the sample. Subsequent irradiation with intense UV light breaks
weight organic acids that, in turn, are corrosive to the procesgown organic compounds in the water, with the liberated carbon forming
equipment. Their effect on conductivity may also cause watecarbon dioxide in solution as carbonic acid. By monitoring the change in
chemistry operating parameters to be exceeded, calling fé@mple conductivity, corrected for temperature, the TOC concentration is
plant shutdown. calculated and displayed. _

5.4 In process water in other industries, organic carbon can FIG. 1 Low Temperature Unit
signify in-leakage of substances through damaged piping and
components, or an unacceptable level of product loss. 8. Reagents and Materials

5.5 In wastewater treatment, organic carbon measurementg.1 Purity of Reagents-Reagent grade chemicals shall be
of influent and in-process water can help adjust optimizeysed in all tests. Unless otherwise indicated, all reagents should
treatment schemes. Measurement of organic carbon at digonform to the specifications of the Committee on Analytical
charge may contribute to regulatory compliance. Reagents of the American Chemical Sociétpther grades
may be used, provided it is first ascertained that the reagent is

6. Interf-erences. . o N of sufficient purity to permit its use without decreasing the
6.1 If inorganic carbon (dissolved G@nd ions in equilib-  accuracy of the determinations.

rium with it) is present, it will give a false positive to an 8.2 Purity of Water

organic carbon measurement. lon exchange resins used forg 2.1 Unless otherwise stated, references to reagent water
high purity water production typically strip COfrom the  shall be understood to mean that conforming to Specification
water, so this interferent is absent from such water unless thg 1193, Type II. The carbon content of this water should be
water stream comes in contact with the atmosphere prior tgheasured regularly by a suitably sensitive test method, such as
analysis. Test Method D 4779. It will typically be less than 0.2 mg/L
6.2 If electrolytic conductivity is used for the measurementcarbon.
of CO,, other conductive species in solution will cause a 8.2.2 Water as free as possible of organics is desirable when
positive interference unless their background conductivity isestablishing the test method blank at carbon levels of less than
measured and deducted. 1 mg/L. Absolutely carbon-free water is not obtainable in
6.3 Particulates suspended in the water stream may cauggdinary circumstances. However, a working approximation to
blockage in the monitor over a period of time, and may also behis goal is the solution contained in the reaction vessel of
hard to oxidize. If problems are anticipated, the water strear@arbon analyzers that UV-irradiate and sparge an acidified
should be appropriately filtered upstream of the monitor. Theyersulfate solution. Alternatively, water that has been acidified,
parameter measured in the filtered water will be diSSO'Veq’nixed with persu|fate to a final concentration of 2 % wlyv,
organic carbon (DOC). heated or exposed to ultraviolet radiation, or both, for at least

6.4 Non-dispersive infrared detectors tuned to £&bsor-  an hour, then thoroughly sparged, may be used.
bance are also sensitive to water vapor, which may therefore

give a positive interference unless removed.

CONDUCTMTY CELL

“Reagent Chemicals, American Chemical Society Specificatimerican
7. Apparatus Chemical Society, Washington, DC. For suggestions on the testing of reagents not

B _ ; R f isted by the American Chemical Society, s@salar Standards for Laboratory
7.1 FIgS. 1-4 show in block dlagram form several deSIQnS ofthemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia

on-line total prganlc carbon (TOC) analyzers that have beeQnd National FormularyU.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
successfully introduced. MD.
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s Lau Note 1—Operation—The water sample is pumped continuously to the
SEPARATOR Saionn conductivity block where the inlet conductivity is measured to establish
DRAN the baseline. The sample then flows to the UV reaction chamber where the
organics are oxidized to form organic acids, as described in the following
formula:
Note 1—This unit is designed to continually measure TOC in a water organics + Q+ UV light - rCOOH

sample. The sample flows into a sample overflow chamber and out tas the organics oxidize to organic acids, the conductivity of the sample

drain. Every 5.5 min, acid and sample are aspirated into the carbonaificreases. Next, the sample flows through the outlet conductivity detector,
removal system. The inorganic carbon in the combined acid/sample iand then to drain. The electronics continuously compare the temperature-
sparged with nitrogen gas. A fixed volume of sparged inorganic* carboncorrected conductivity readings from the inlet and outlet detectors, and

free” sample is then injected into the reaction chamber heated at 900°@erive the organic content of the sample in microgramsflitre that is shown

The organics in the sample are oxidized to carbon dioxide. The carrier gasn a digital display.

flows continuously through the reaction chamber, carrying the, CO FIG. 3 Low Temperature Unit—Continuous Flow for High-Purity

through a gas-liquid separator into the infrared analyzer. The concentra- Water
tion of CO, measured is directly correlated to the carbon concentration in
the sample. ) )
FIG. 2 High Temperature Unit 8.5.2 The compound used for calibration should be as

similar as possible to the compound(s) expected to be present
in the water to be analyzed.

8.3 Amber glass bottles should be used to store reagerét Hazards
water, organic-free water, and standard solutions. The bottles _ ) ) )
should be dedicated to their respective types of solution. 9-1 Give full consideration to safe disposal of the analyzer's
Practices D 3370, D 3694, and D 4453 address handling cfPent samples and reagents (especially chromic acid), and
water samples. While the most rigorous method of cleaning!éaning solutions. . _ .
glassware is described below, Practice D 4453 has alternative 9-2 Provide pressure relief valves, if applicable, to protect
procedures not involving Cr(V1). both the analyzer and monitoring system.

8.3.1 Clean bottles with chromic acid, rinse several times 9-3 Take precautions when using cylinders containing gases
with water, and dry overnight at 400°C in a muffle furnace. ©F liquids under pressure:

8.3.2 Rinse the TFE-fluorocarbon-lined closures severaclm?f'l Gas cylinders must be handled by trained personnel

times with water, then allow to soak in water overnight. Rinse 932 Fasten gas cvlinders to a rigid structure
these closures again with water before use. e gas cy 9 " .
9.3.3 Take special safety precautions when using or storing

8'3'.3 Put the closures loosely on the bottles while the Iatte{:ombustible or toxic gases to ensure that the system is safe and
are still warm. When the bottles have cooled to room temperag

. ree of leaks.
ture, tighten the closure.
8.3.4 Follow the cleaning procedure in 8.3.1 through 8.3.310. Technical Considerations

before each re-use of the bottles. _ 10.1 Carefully define the measurement objective for the

8.4 Gas Supply-Use a gas free of C{and organic matter, monitoring system before specifying the apparatus. Consider
of a purity as specified by the equipment manufacturer. Oxygegych factors as the expected total level of carbon; whether
is recommended. significant inorganic carbon is likely to be present; whether

8.5 Organic Carbon Solution, Standard there are significant levels of purgeable organic compounds in

8.5.1 Prepare high-concentration calibration standardthe stream; whether there are particulates in the water; how fast
(2000 mg/L carbon) using a water-soluble, stable compoundhe system must respond to a change in carbon concentration in
This stock solution can then be further diluted to a concentrathe stream; how accurate the result must be to meet internal and
tion suitable for the method used. (See 8.5 of Test Metho@xternal requirements; and how readily the monitor’s calibra-
D 4779.) tion and performance can be checked.
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CONTINUOUS FLOW 10.5 Review all sample requirements with the equipment
supplier. Be sure to define accurately all conditions of intended
mg%g:::gsj;::f‘jmmm ] operation, the components in the sample and expected varia-

i verw — tions in the measured parameters.
10.6 Materials of construction that will be in contact with
the sample should be such that will not react with the sample.

SAMPLE ORAN sawpLE Note that high-purity water monitoring may demand a mini-
SAMPLE INLET T3 Puke mum of organic polymers in the monitor, while certain process
and waste streams may be highly corrosive and may therefore
STANDARD seanci | oo require inert polymers to be used.
iR oae e 10.7 Select the sampling point(s) so as to provide a repre-
sentative and measurable sample as close as possible to the
REAGENT &) sample system and analyzer, and as outlined in Practices
} vl D 3370.
e W ResoTon 10.8 Select the sample transfer system, including pumps
DRYING GAS T , ] ] and transfer lines, so that the integrity of the sample is
R RESTRICTOR maintained from sampling point to analyzer, especially with
J respect to suspension of solids and biological growth.
DRAIN [3—=—

10.9 Provide necessary sample conditioning equipment (for
Note 1—This TOC analysis unit uses ultraviolet-promoted persulfateexample, filters, diluters, homogenizers, stream splitters) that is
oxidation combined with infrared detection to continuously determine thegonsistent with the defined measurement objective.

concentration of organics in water. Sample flows continuously into the 10.10 Provide a means for introducing standard samples or
analyzer through a sample bypass, either by means of process pressure ;

0 . . X
an optional sample pump. A side stream for analysis is continuousl)wl{hdraWIng check samples immediately upstream of the
pumped at a constant rate and acidified with a sodium persulfate2Nalyzer.
phosphoric acid solution, that reacts with any inorganic carbon to form 10.11 Keep single- or multiple-sample streams that interface
CO,. The acidified sample is then sparged with carrier gasqiNO,) to  a single analyzer flowing all the time. Keep the manifold close
remove the CQ PaSSing through a |IQUId/gaS Separator, thez® to the analyzer to m|n|m|ze Cross_contam|nat|0n

vented, and the liquid flows to the reaction chamber, where it is exposed - -
to ultraviolet light. The UV radiation catalyzes the persulfate oxidation of 10.12 Always keep sample lines as short as possible.

the remaining organic carbon to GO'he COrladen carrier gas is passed 1013 Provide appropriate protection of sample lines from
through a permeation dryer to remove moisture, and then through thextremely hot or freezing temperatures.

NDIR detector, that measures the C@he electronics linearize and scale

the IR detector signal to equate to milligrams/litre organics, displayed o1, Calibration and Procedure

the digital read-out.

FIG. 4 Low Temperature UV-Persulfate Unit—Continuous Flow 11.1 Establish a written calibration procedure and frequency

consistent with the parameter being measured and the accuracy

10.2 If the monitoring system is intended primarily to and reliability demanded by the measurement or control

determine compliance with regulatory standards, the accurac?,bjecuves' . )
precision, frequency of sampling, and response time may be ;1.1._1 Consult the analyzer §uppl|er to d_e_termlne the .best
dictated by the requirements of the regulations. A high degregaliPration procedure to use with the specific analyzer in a
of stability and on-line reliability is generally required. The Particular application. This is particularly important when
analyzer response for a specific parameter must be referencd8/ing with high-purity streams. _ _
to a recognized or specified laboratory test method approved by 11.1.2 When required for regulatory compliance, use cali-
the regulatory agency. bration procedures specified by the appropriate agency.
10.3 Monitoring systems intended to detect leaks and un- 11.1.3 Refer to ASTM standards, where applicable, to
controlled discharges (that is, spills), for protection of treat-determine appropriate calibration standards.
ment plants or receiving waters, require short sampling cycles 11.1.4 Provide calibration standards at concentrations and
and rapid response. Typically, these systems will activat€ompositions as close as possible to those of the sample stream
alarms to alert operating personnel. Flow can then be diverte@eing analyzed. Note the need for scrupulously cleaned glass-
from normal channels until the upset has passed or has be#@re. Low-level standards are particularly subject to change
corrected. Frequently, the monitoring system is used in somever time, and should be freshly made up as needed.
way to locate and identify the source of the spill. 11.1.5 Before calibration, ensure that the sampling system
10.4 Systems that monitor performance of process operand output instrumentation are functioning properly and that all
tions, such as waste treatment, may have varying degrees pfeliminary adjustments to the analyzer required by the proce-
sophistication and complexity, depending on the specific naturdure have been made.
of the application. 11.2 Instrument Adjustment, Calibration, and Operation
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11.2.1 Follow manufacturer’s instructions for instrument 11.5 Laboratory Check Sample for Flow-Through System
warm-up, gas flows, and liquid flows. 11.5.1 Withdraw from the spot sampling line or otherwise

11.2.2 For calibration, make various dilutions of a 20000btain directly from the sample stream sufficient sample for
mg/L standard organic solution. Use dilutions as specified byalibration, representative of one concentration within the
manufacturer. Clean glassware used in preparation of standartenge of measurement of the analyzer (see Practices D 3370).
scrupulously. Low-concentration standards are particularly 11.5.2 Analyze the sample for total organic carbon using a
subject to changes over time, due to contamination or deconbatch-type (laboratory) TOC analyzer and Test Method D 4779
position, and need to be made fresh. or D 4839 as appropriate.

11.2.3 Calibration protocols may vary with equipment 11.5.3 If necessary, prepare additional standards to cover the
manufacturers. Calibrate the instrument as instructed by theange of interest by dilution with reagent water or by “spiking”
manufacturer, and use standards to verify linearity within thewith known amounts of an appropriate standard.
specific range of interest for actual measurements. Plots of 11.5.4 Serially introduce the standards into the analyzer,
standard concentration versus instrument reading may be useding the recommended instrument operating procedures, and
for this purpose. allow the analyzer readout to reach equilibrium.

11.3 Spot Sample Check 11.5.5 Plot a calibration curve of concentration of parameter

11.3.1 With the sample flow through the analyzer samplingbeing determined versus readout response from the readout
line uniformly and the analyzer readout as close as possible tdata.
an equilibrium value, withdraw a sample from the inlet stream, 11.6 After initial calibration with standard solutions or
as described in Practices D 3370. actual samples, as in 11.2 through 11.4, analyzer calibrations

11.3.2 Record time, sample number, date, and the correzan be rechecked with secondary standards.
sponding analyzer readout and immediately analyze the 11.6.1 A solution containing material other than organic
sample, in duplicate, using Test Method D 4779 or D 4839, asarbon, but producing the same analyzer output as that com-

appropriate. ponent, may be used in place of the standard solution.
11.3.3 Average the results of the duplicate analyses. Discard 11.6.2 An optical filter may be placed in the beam of a
tests that fail to meet repeatability requirements. photometric analyzer to produce an output equivalent to that

11.3.4 Determine the analyzer calibration adjustment reproduced by the organic carbon in the water.
quired so that results of analysis and the analyzer readout
coincide. Adjust the analyzer with the analyzer controls ac-12. Calculation and Interpretation of Results

cordingly. : _ . 12.1 Each individual monitoring system determines the
11.3.5 Repeat this procedure until no further change iggicylations necessary to perform on the output signal. Most
needed, consistent with the quality of data required. analyses are recorded as direct readouts based on instrument

11.4 Multiple Standard Calibration calibration. However, in some cases, the measurement sensi-

11.4.1 Prepare a series of calibration stgndards covering triﬁ/ity range is involved and scale factors are necessary to
range of measurements for the samp'le being analyzed, fo_llo,vﬁetermine the final results. This is usually a simple multipli-
ing instructions in the test method or in the analyzer supplier's.ation step.

instructions.
11.4.2 Check all operating conditions of the system in13 Precision and Bias

accordance with analyzer specifications and allow sufficient , . , . .
time for instrument equilibrium. 13.1 Neither precision nor bias data can be obtained for this

11.4.3 Introduce a calibration standard of a concentratiof€St Méthod from a collaborative study designed in accordance
level recommended by the instrument supplier into the anaWith the requirements of Practice D 2777 since this test method
lyzer using the recommended instrument operating procedur® @ continuous dete_rm|nat|c_>r}. This |nap|llty of Practice D.2777
Activate the readout equipment. procedures to obtain precision and bias data for continuous

11.4.4 After sufficient sample has been allowed to flowdeterminations is recognized and stated in the scope of Practice

through the analyzer, adjust the readout to conform to th® 2777.
desired value.
11.4.5 Repeat 11.4.3 for the remaining standards from thé4. Keywords
calibration series, recording the equilibrium readout value each 14.1 dissolved carbon; electrolytic conductivity; elemental
time. carbon; inorganic carbon; non-dispersive infrared detector;
11.4.6 Plot a calibration curve of standard value versu®n-line monitoring system; organic carbon; persulfate solution;
readout response from the above data. photometric analyzer; purgeable organics; reaction chamber;
11.4.7 Discard any standard when any change of composreagent; total carbon; total organic carbon; wastewater
tion is detected. treatment
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



