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Standard Test Method for

Total Carbon, Inorganic Carbon, and Organic Carbon in
Water by Ultraviolet, Persulfate Oxidation, and Membrane
Conductivity Detection

This standard is issued under the fixed designation D 5904; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope safety concerns, if any, associated with its use. It is the
fesponsibility of the user of this standard to establish appro-
riate safety and health practices and determine the applica-
ility of regulatory limitations prior to use.

1.1 This test method covers the determination of tota
carbon (TC), inorganic carbon (IC), and total organic carborﬁ
(TOC) in water in the range from 0.5 to 30 mg/L of carbon.
Higher levels may be determined by sample dilution. The tesp. Referenced Documents
method utilizes ultraviolet-persulfate oxidation of organic car- 21 ASTM Standards:
bon, coupled with a CQselective membrane to recover the D 1129 Terminology -Relating to Wafer
CQO, into deionized water. The change in conductivity of the D 1192 Specification for Equipment for Sampling Water
deionized water is measured and related to carbon concentra- and Steam in Closed Conddits
tion in the oxidized sample. Inorganic carbon is determined in D 1193 Specification for Reagent Waker
a similar manner without the requirement for oxidation. In both D 2777 Practice for Determination of Precision and Bias of
cases, the sample is acidified to facilitate Z&covery through Applicable Methods of Committee D-19 on Watter

the membrane. The relationship b_etw_een the_ conductivity D 3370 Practices for Sampling Water from Closed Con-
measurement and carbon concentration is described by a set of duite?

chemometric equations for the chemical equilibrium of O

HCO;™, H*, and the relationship between the ionic concentra3. Terminology

tions and the conductivity. The chemometric model includes 3 1 pefinitions—For definitions of terms used in this test
the temperature dependence of the equilibrium constants arhqethod, refer to Terminology D 1129.

the specific conductances. 3.2 Definitions of Terms Specific to This Standard:
1.2 This test method has the advantage of a very high 3.2.1 inorganic carbon (IC}—carbon in the form of carbon

sensitivity detector that allows very low detection levels ondioxide, carbonate ion, or bicarbonate ion.

relatively small volumes of sample. Also, use of two measure- 3.2.2 potassium hydrogen phthalate (KHRKHCgH,O,.

ment channels allows determination of C@ the sample  3.2.3 refractory material—that which cannot be oxidized

independently of organic carbon. Isolation of the conductivitycompletely under the test method conditions.

detector from the sample by the GQelective membrane  3.2.4 total carbon (TC)}—the sum of IC and TOC.

results in a very stable calibration, with minimal interferences. 3.2.5 total organic carbon (TOG)-carbon in the form of
1.3 This test method was used successfully with reagerdrganic compounds.

water spiked with sodium bicarbonate and various organic

materials. It is the user’s responsibility to ensure the validity of4' Summary of Test Method

this test method for waters of untested matrices. 4.1 Fundamentals-Carbon can occur in water as inorganic
1.4 This test method is applicable only to carbonaceoué‘”d organic compounds. This test method can be used to make

matter in the sample that can be introduced into the reactioftdeépendent measurements of IC and TC and can also deter-
zone. The injector opening size generally limits the maximunfniné TOC as the difference of TC and IC. If IC is high relative
size of particles that can be introduced. toTOC itis deswa}ble to use a vacuum degassing unit to re_duce
1.5 In addition to laboratory analyses, this test method ma{lﬂe Il(é concgntraﬂon a; Eart o.fdt.he. meas(tj;remen}. A[[tﬁrnatlvel?/,
be applied to on line monitoring. e IC can be removed by acidifying and sparging the sample

i prior to injection into the instrument.
1.6 This standard does not purport to address all of the” 4 5 The pasic steps of this test method are:

4.2.1 Removal of IC, if desired, by vacuum degassing;

1 This test method is under the jurisdiction of ASTM Committee D-19 on Water 4.2.2 Conversion of remaining inorganic carbon tOZJZS

and is the direct responsibility of Subcommittee D19.06 on Methods for Analysis for
Organic Substances in Water. -
Current edition approved Feb. 10, 1996. Published April 1996. 2 Annual Book of ASTM Standardgol 11.01.
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FIG. 1 Schematic Diagram of TOC Analyzer System

TABLE 1 Blank Contribution and Inorganic Carbon (IC) Removal

action of acid in both channels and oxidation of total carbon to Efficiency of Vacuum Degassing Unit

CO, by action of acid-persulfate, aided by ultraviolet (UV) unit Number ug/LA TOC pg/LA IC IC Level with

radiation in the TC channel; Background Background 25 000u g/L Input
4.2.3 Detection of CQthat is swept out of the reactors by 1 3.2 8.2 55

the liquid stream over membranes that allow the specific 3 32 2 s

passage of Coto high purity water where change in conduc- 4 4.2 13 89

tivity is measured; and 5 2.8 13 30
4.2.4 Conversion of the conductivity detector signal to a ? ig 3;3 2(7)

display of carbon concentration in parts per million 8 4.7 8.3 63

(ppm= mg/L) or parts per billion (ppb=pug/L). The IC 18 ig 1;9 gg

channel reading is subtracted from the TC channel to give aAVl — . — —
H H B H H H H alues are the difference between before and after addition of the degasser to
TOC reading. A dlagram of su@ble apparatus is given in Fig, high purity (<5 ug/L) water stream.
1. Reference§l-5)° provide additional information on this test
method.
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5. Significance and Use 7.2 Apparatus for Carbon DeterminatienA typical instru-

5.1 This test method is used for determination of the carbofent consists of reagent and sample introduction mechanism,
content of water from a variety of natural, domestic, andréaction vessel, detector, control system, and a dispkig. 1
industrial sources. In its most common form, this test methoghows a diagram of such an arrangement.
is used to measure organic carbon as a means of monitoring17-2-1 Vacuum degassing requires the manufacturer's mod-
organic pollutants in high purity and drinking water. TheseUl€® that includes a vacuum pump and a hollow fiber mem-
measurements are also used in monitoring waste treatmeffane assembly. Use of this vacuum degasser will remove
processes. essentially all IC as part of the analysis. The membrane module

5.2 The relationship of TOC to other water quality param-consists of a tube and shell arrangement of microporous
eters such as chemical oxygen demand (COD) and total oxygeiPlypropylene hollow fibers. Sample flows along the inside of

demand (TOD) is described in the literatdre. the fibers, while air is passed on the shell side-counterflow to
o the sample flow. The shell side pressure is reduced by means of
6. Interferences and Limitations a vacuum pump on the air outlet. The sample is acidified before

6.1 The oxidation of dissolved carbon to €@ brought introduction into the degasser to facilitate £@ansport
about at relatively low temperatures by the chemical action ofhrough the hollow fibers. Sparging requires an inert vessel
reactive species produced by UV-irradiated persulfate ions. Navith a capacity of at least double the sample size with
all suspended or refractory material may be oxidized undeprovision for sparging with 50 to 100 mL/min of carbon free
these conditions; analysts should take steps to determine wha#s. This procedure will remove essentially all IC in 2 to 10
recovery is being obtained. This may be done by severahin, depending on design.
methods: by rerunning the sample under more vigorous reac- 7.2.2 Reactior—The sample flow is split after the addition
tion conditions; by analyzing the sample by an alternativeof reagents. Half of the flow passes to the delay coil while the
method known to result in full recovery; or by spiking samplesother half passes into the oxidation reactor. The effluent from
with known refractories and determining recovery. both streams passes over individual membranes that allow CO

6.2 Chloride ion above 250 mg/L tends to interfere withto pass through the membrane into prepurified water for
oxidative reaction mechanisms in this test method. Follondetection.
manufacturer’'s instructions for dealing with this problem. 7.2.3 Membrane—The membrane is a CCselective fluo-
Other interferences have been investigated and found to bepolymer that is hydrophobic and non-porous. Refer to the
minimal under most conditions. Refer to the references fobibliography for additional details.
more information. 7.2.4 Detector—The CQ, that has passed through the mem-

6.3 Note that error will be introduced when the method ofbrane into the purified water is measured by conductivity
difference is used to derive a relatively small level from twosensors. The temperature of the conductivity cell is also
large levels. For example, a ground water high in IC and lonautomatically monitored so the readings can be corrected for
in TOC will give a poorer TOC value as (TC-IC) than by direct changes in temperature.
measurement. In this case the vacuum degassing unit on the7.2.5 Presentation of ResultsThe conductivity detector
instrument should be used to reduce the concentration of IQutput is related to stored calibration data and then displayed as
prior to measurement. Alternatively, the sample can be acidiparts per million, (ppm= milligrams of carbon per litre) or
fied and sparged prior to introduction into the instrument. Useparts per billion, (ppb= micrograms of carbon per litre).
of the vacuum degassing unit or sparging the sample may caus@lues are given for TC, IC, and TOC by difference.
loss of volatile organic compounds, thus yielding a value Iower8. Reagents and Materials

than the true TOC level. ) .
6.4 Use of the vacuum degassing unit or sparging the 8.1_Pur|ty of Reagents-Reagent grade chemicals shall be
h sed in all tests. Unless otherwise indicated, it is intended that

sample may cause loss of volatile organic compounds, thu$ > ;
yielding a value lower than the true TOC level. At low TOC all reagents conform to the specifications of the Committee on
alytical Reagents of the American Chemical Socity,

levels, the degassing unit may introduce a measurable TOC ar‘?tﬂ S X
IC background. The user should characterize the backgrounn€re such specifications are available. Other grades may be

and performance of the degassing module for their applicatior!'Sed: Provided it is first ascertained that the reagent is of

A removal efficiency of 97 % of the inlet IC is considered sufficient purity to permit its use without lessening the accu-

satisfactory. Table 1 provides typical IC removal performancd@cy Of the determination. L

and background levels of the vacuum degassing unit. 8.2 Purity of Water—Unless otherwise indicated, reference_s
to water shall be understood to mean reagent water conforming

7. Apparatus to Type | or Type Il in Specification D 1193. The indicated

7.1 Homogenizing ApparatusA household blender is gen-
erally satisfactory for homogenizing immiscible phases in

water. 5 Instruments manufactured and marketed by Sievers Instruments, Inc., 2500

Central Ave., Suite H1, Boulder, CO 80301, have been found satisfactory.
%Reagent Chemicals, American Chemical Society Specificatidmezrican

Chemical Society, Washington, DC. For suggestions on the testing of reagents not

®The boldface numbers given in parentheses refer to a list of references at tHisted by the American Chemical Society, sAmalar Standards for Laboratory

end of this standard. Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia
4Handbook for Monitoring Industrial WastewateBection 5.3, U.S. Environ-  and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
mental Protection Agency, August 1973, pp. 5-12. MD.
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specification does not actually specify inorganic carbon omutosampler needle. Volatile organics may be lost.

organic carbon levels. These levels can affect the results of this 9.4 For water samples where carbon concentrations are
test method, especially at progressively lower levels of theyreater than the desired range of instrument operation, dilute
carbon content in the samples to be measured. Where inorgartite samples as necessary.

carbon in reagent water is significant, Gfbee water may be 9.5 For accurate measurements of samples containing <0.5
prepared from reagent water by acidifying to pH 2, thenmg/L direct, on-line measurement should be used.

sparging with fritted-glass sparger using &itee gas (time

will depend on volume and gas flow rate, and should belO. Instrument Operation

determined by test). The carbon contribution of the reagent 10.1 Follow the manufacturer’s instructions for setting up
water should be determined and its effect allowed for inthe instrument and adjusting reagent flows. Ensure that the pH
preparation of standards and other solutions-@€e water  of the waste stream is below 4 in all cases. Additional acid is
should be protected from atmospheric contamination. Glasgéquired if a vacuum degassing unit is used for IC removal.
containers are required for storage of water and standardollow manufacturer’s instructions for reagent flows when

solutions. _ using a degassing unit.
8.3 Persulfate Reagent (15% whAPrepare ammonium

persulfate to a concentration of 15 % wi/v by dissolving 15 g of11. Calibration
ammonium peroxydisulfate in water and diluting to 100 mL.
verify that .it contain_s I?SS than 2000 ug/L organic Cafbo’_‘ 000 mg/L of carbon to check the instrument calibration.
contamination. Certification of reagent assay should be avail- 11.2 Calibration protocols may vary with equipment manu-
able. Reagents in prepackaged containers from the mStrumefétcturers. However, in general, calibrate the instrument in
mgn;fzc?grgr havetb(;en flgund to be_;ccelzptt_ablf. accordance with the manufacturer's instructions, and use

-+ AcCld Reagen ( _I\A)— repare acid solution o a Concen- ian4args to verify such calibration in the specific range of
tration of 6M and verify that it contains less than 600 ug/L

interest for actual measurements. Plots of standard concentra-

organic carbon contamination. Since halogens are pOtent'ﬁlon versus instrument reading may be used for calibration or to

interferences, use only sulfuric or phosphoric acid for reagent§,emcy linearit
i g S y of response.
Sulfuric acid is prepared by diluting 336 mL of 95 % reagent 11.3 Below 500 ua/L taminati f s |
(sp gr 1.84) to 1 L with reagent water. Phosphoric acid is > SEOW HG7L, contamination of reagen’'s IS a severe

. problem. Because of this it is recommended that the general
prepared by diluting 410 mL of 85 % reagent (sp gr 1.69) to 1(:alibration check of the instrument be carried out with stan-

L with water. Certification of reagent assay should be availabledards above 500 pg/L. The response of the instrument is
fRe?gentrs], n prspacl;ageg (t:orz)tamers frtorglthe Instrument mané')'(tremely linear that allows calibration at higher levels without
acturer have been found o be acceptable. loss of accuracy at low levels. See Section 15 for data

8.5 Organic Carbon, Standard Solution (2000 mg#i) o ;
Choose a water-soluble, stable reagent grade compound, Sur(%qardmg linearity of the response.

as benzoic acid or anhydrous potassium hydrogen phthalate, Procedure

(KHCgH,O,). Calculate the weight of compound required to .
make 1 L of organic carbon standard solution; for example, 12-1 Mix orblend each sample thoroughly and carry out any

KHC4H,0, = 0.471 g of carbon per gram, so 1 L of 2 g/L of necessary dilution to bring the carbon content within range of

standard requires 2/0.471, or 4.25, grams of KHP. Dissolve thine instrument. . ,

required amount of standard in some £@ee water in a 1-L _ 12-2 If inorganic carbon is to be removed by vacuum

volumetric flask, add 1 mL of sulfuric acid, and dilute to 469@ssing, no additional sample preparation is required. If

volume. Dilutions of this stock solution containing 20 mg/L are IN°rganic carbon is to be removed by sparging prior to sample
troduction, acidify to approximately pH 2 with concentrated

to be used to calibrate and test performance of the carbofitrod! i :
acid (if not already done) and sparge with an appropriate flow

11.1 Use appropriate dilutions of the standard solution of

analyzer.
y of gas. Samples with high alkali content or buffer capacity may
9. Sampling and Sample Preservation require larger amounts of acid. In such cases, incorporate this
9.1 Collect the sample in accordance with Specificatiordilution into the calculation. If incomplete sparging of €O
D 1192 and Practices D 3370. from IC is suspected, sparge and analyze the sample and then

9.2 To preserve samples for this analysis, store samples fi¢Peat the procedure until appropriate conditions are estab-
glass at 4°C. To aid preservation, acidify the samples to a pmshed. In difficult conditions, use of a fritted-glass sparger may
of 2. It should be noted that acidification will enhance loss ofhelp.
inorganic carbon. If the purgeable organic fraction is important, 12.3 Follow manufacturer’s instructions for introducing the
fill the sample bottles to overflowing with a minimum of Sample into the analyzer. The sample may be directly aspirated,
turbulence and cap them using a fluoropolymer-lined capsampled from an auto sampler, or connected directly into a
without headspace. source for continuous on-line monitoring.

9.3 For monitoring of waters containing solids or immis- _
cible liquids that are to be injected into the reaction zone, usé3. Calculation
a mechanical homogenizer or ultrasonic disintegrator. Filtering 13.1 Read carbon values directly from the digital display,
or screening may be necessary after homogenization to rejeptinter, or computer connected to a suitable data interface on
particle sizes that are too large for the sample inlet tube othe instrument.

4
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Note 1—Carbon standards prepared from sucrose in low TOC water. Calibration: 25 000 pg/L potassium acid phthlate.
FIG. 2 Instrument Response Versus Carbon Concentration

14. Quality Control and chloride. The fulvic acid study sample was made to

14.1 Instrument calibration must be checked at the start ofePresent a naturally occurring, complex organic material
each sample group. combined with potentially interfering inorganic carbon and

14.2 A duplicate, blank, and continuing calibration checkchloride. A description of the samples is as follows:

sample must be run at least every twenty samples. Study
Sample Concentration Source
S inal A Reagent water
15. Prec!5|on _and Bias ] B 1.25 mg/L TOC 5.0 mL stock/2 L
15.1 Linearity of the response over the entire measuremerat 20.0 mg/L TIC 280.0 mg sodium bicarbonate + 40.210

L . . . mg
range al!qws calibration ata single higher level concentration. 10,0 mglL TOC ivic acid standard
This facilitates preparation of -accurate standgrds minimizing 250 mgL chloride (50.00 % C) + 824.1 mg sodium
the effect of contamination. Fig. 2 illustrates linear response chloride/2 L

; ; D 25.0 mg/L TOC 100.0 mL stock/2 L

from 50 to 5000 pg/L for an instrument calibrated at 25 OOOStock 500 mg/L TOC 5318 mg KHPIL (NIST)

Mg/L. As stated in Section 11, the user should confirm proper soution

operation of the instrument by running check samples in the . ) )
range of test samples. The KHP was obtained from the National Institute of

15.2 Collaborative Test-This method was evaluated at Standards and Technology (NIST reference material 84j), the
seven laboratories. Three labs used two different instrumerpVic acid was obtained from the International Humic Sub-
models, and one lab used two different operators. stances Society (IHSS Suwannee Stream Standard Fulvic Acid)

15.2.1 Four samples were analyzed at each laboratory iAnd the sodium carbonate and sodium chloride were ACS
triplicate on three different days for total inorganic carbonféagent grade materials.

(TIC), total carbon (TC) and total organic carbon (TOC). The 15.2.2 Analysis of Data—The data were processed as speci-

study samples included a reagent blank (Type Il water), twdied in Practice D 2777. Two individual data points from one

standards made from potassium acid phthalate and one stdaboratory were rejected as outliers.

dard made from fulvic acid, which also contained carbonate 152 3 Precision—Separate determinations of precision
were made for TC and TOC measurements. The results of

B . ) weighted least-squares calculation were as follows:
Supporting data are available from ASTM Headquarters. Request RR:D19-
1156. TC §=.024x + .036
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§ = .00% + .006 15.2.4 Bias—Table 2 summarizes the observed bias for both
TOC $ = .027% + .090 TC and TOC measurements. The high TC bias on Sample C
S, = .01 — .022 may be due to loss of COfrom the sodium bicarbonate
standard.
where:
X = average value found in mg C/L, 16. Keywords
S = overall precision expressed in mg C/L, and o _ _
S, = single-operator precision expressed in mg C/L. 16.1 carbon; carbon-dioxide; inorganic-carbon; low-
Table 2 shows the determin€j andS§ for the collaborative temperature-oxidation; membrane-conductivity-detection;
test. organic carbon; total carbon
TABLE 2 Recovery and Precision of Known Amounts of Carbon in a Series of Prepared Standards
Al Added Al Found . . isticall
Method Sample mour:;/L ed. mour:;/Loun ' +Bias * Bias, % Ssﬁzt:ft:z:nz/ S, mg/L S, mg/L
TOC B 1.25 1.22 0.03 3 Yes 0.0001 0.054
c 10.0 9.67 0.33 3 Yes 0.050 0.61
D 25.0 24.78 0.22 1 No 0.30 0.67
TC B 1.25 1.22 0.03 2 No 0.0005 0.078
c 30.1 27.83 2.27 7 Yes 0.042 0.55
D 25.0 24.93 0.08 0 No 0.36 0.76
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