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INTERNATIONAL STANDARD

ISO 8245 : 1987 (E}

‘Water quality — Guidelines for the determination of

total organic carbon (TOC)

0 Introduction

Total organic carbon (TOC) is a measure of the carbon content
of dissolved and undissolved organic matter present in the
water. 1t| does not give information about the nature of the
organic substance. Inorganic carbon must be eliminated before
analysis ¢r determined together with the TOC and subsequent-
ly subtratted. The method is instrumental and the selection of
the analyiser should take into consideration the carbon content
of the samples to be analysed. The carbon content of organic
substanges may vary widely.

1 Scgpe and field of application

This Intdrnational Standard gives guidelines for the measure-
ment of | TOC concentrations in all kinds of water. |t covers
definitions, interferences, reagents and pretreatment of water
samples |containing 0,1 to 1 000 mg/! organic carbon. Higher
concentrations may be determined after appropriate dilution.
Under cqrtain circumstances it may be necessary to pretreat the
sample, for example by the separation of-larger particles con-
tained in|the water in order to avoid clogging of the apparatus.

This International Standard doesnot’deal with the instrumental
side of the determination.

In additipn to organic carbon, the sample may contain carbon
dioxide ¢r ions from &arbonic acid. Prior to the TOC determi-
nation, this inorganic)carbon must be removed by purging the
acidified| sample“with gas free from CO, and organic com-
pounds. |Alternatively, both total carbon (TC) and total carbon
dioxide may be determmed and the organic carbon content
(TOC) caledtated : M
the TC. This method is most sultable for samples in whlch the
total carbon dioxide is less than the TOC.

Volatile organic substances such as benzene, toluene,
cyclohexane, and chloroform may escape during stripping of
CO,. The TOC of these substances must therefore be deter-
mined separately or the difference method may be applied.

Particles of elemental carbon (soot), carbide, cyanides,
cyanates and isocyanates when present are determined
together with the organic carbon.

NOTE — Bibliographic reference 11.2 gives a comparison of the oxi-
dation methods. TOC levels of different types of water are indicated.

2 Reference
ISO 5667-3, Water quality\— Sampling — Fart 3: Guidance on
the preservation and‘handling of samples.

3 Definitions

For the\purpose of this International Stanfard the following
definitions apply.

3.1 total carbon (TC): The quantity of| carbon present in
water in the form of organic, inorganic and elemental carbon.

3.2 total inorganic carbon (TIC): The [quantity of carbon
present in water in the form of elemental carbon, total carbon
dioxide, carbon monoxide, carbides, cyanftes, cyanides and
thiocyanates.

3.3 total organic carbon (TOC): The guantity of carbon
present in water in that organic matter which is dissolved or
suspended in the water.

3.4 dissolved organic carbon {DOC): The quantity of car-
bon present in water in that organic rmatfer which passes a
filtration step through a membrane filter of{ pore size 0,45 pum.

4 Principle

OXIdatlon by combustion, addltlon of suitaljle oxidant, or ultra-
adia 3 3 ater to carbon dioxide.

The application of the ultra-violet method with only oxygen as
an oxidant is restricted to unpoliuted waters free from par-
ticulate matter. Inorganic carbon is eliminated through acidifi-
cation and purging or is determined separately.

The carbon dioxide formed by oxidation may be determined
either directly or after reduction to methane (CHy).

Among others, the following principles for the ultimate deter-
mination of CO, are applied: infra-red spectrometry, titration
(preferably in non-aqueous solution), thermal conductivity
{TCD), conductometry, coulometry, CO,-sensitive electrodes
and, after reduction of the CO, to CHy, flame ionization (FID}.
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B Reagents

Use only reagents of recognized analytical grade and only
distilled water or water of equivalent purity. In this international
Standard, only those chemicals are mentioned that are used in
most TOC methods. Further chemicals may be used, and, if
necessary, pretreated, according to the manufacturer’s instruc-
tions.

The TOC of the water used for dilutions and for preparation of
the calibration standards shall be negligible in comparison to
the TOC of the sampie.

The method for-we Ba
tration range to|be measured The pretreatment methods to be
used in accordgnce with the TOC of the sample are given in
table 1.

NOTE — Water with a TOC content <0,5 mg/| cannot be stored.

8.1 Potassium hydrogen phthalate stock solution,
elorganic C) =1 000 mg/Il.

Dissolve in a 1|/000 ml one-mark volumetric flask 2,125 g of
potassium hydrpgen phthalate (CgHKO,) (dried at a tempera-
ture not exeeding 120 °C for 2 h), in about 700 ml of water and
dilute to the mdrk with water.

This solution is stable for about 2 months, if stored in a tightly
stoppered botti¢ in a refrigerator.

5.2 Potassium hydrogen phthalate, standard solution,
olorganic C) = |100 mg/l.

Pipette 100 mi gf the potassium hydrogen phthalate stock sol-
ution (5.1) into & 1 000 ml one-mark volumetric flask, dilute to
the mark with water and mix.

This solution is ptable for about one week, if stored\in a tightly
stoppered bottl¢ in a refrigerator.

5.3 Standar
organic carbon, o(inorganic C) =

solution for the determination, of in-
1:000'mg/I. .

Dissolve in a 1000 ml one-mark, volumetric flask 4,41 g of
sodium carbongte (Na,COj3) (dried at 285 °C for 1 h) in about
500 ml of watef. Add 3,50-g\of sodium hydrogen carbonate
{NaHCO3) (driel over silica“gel) and dilute to the mark with
water.

This stock solution’is stable at room temperature.

5.4 Further reagents

5.4.1 The reagents 5.1 and 5.2 may be replaced by other sol-
utions of stable compounds as long as they meet the re-
quirements of titrimetric substancss.

5.4.2 Non-volatile acid for expulsion of carbon dioxide, for
example phosphoric acid, c(HzP0,4) = 0,5 mol/I.

5.5 Gases

Alr nltrogen, oxygen, free from carbon dioxide and organic im-

6 Apparatus

Usual laboratory apparatus and
6.1 Apparatus for TOC determination.

6.2 Homogenization device, for example ultrasonic instru-
ment or magnetic/ stirrer with sufficient efficiency for
homogenization of dispersed matter. o

7 Sampling and samples

7.1 *Sampling
See also 1SO 5667-3

When sampling, ensure that representative samypjles are col-
lected (this is especially essential when undissolved substances
are present) and be careful not to contaminate the samples
with organic substances. Water samples shall be withdrawn in
clean glass botties which shall be filled completely.|if storage is
necessary, store at 4 °C in a refrigerator. If bactenological ac-
tivity is to be expected, the sample shall be acidilied to pH 2
[e.g. with phosphoric acid {5.4.2)] in case of storgge.

Samples shall be analysed within one week.

7.2 Preparation of the test sample

If, in case of inhomogeneity, the withdrawal of a representative
sample is not possible even after thorough shaking, the
samples shall be homogenized, for example by ultrasonic treat-
ment with sufficient efficiency. The homogenejty shall be
checked.

Table 1 — Water preparation methods

Maximum acceptable TOC

T(Oc of sample of dilution water Example of water
mg/| carbon) (mg/! carbon) treatment method

< 10 — UV treatment

- steam method

— condensation -

10 to 100 — double distillation
with KM“04/ chf207
> 100 ~ distilled water
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1f only the dissolved organic substances (DOC = dissoived
organic carbon) are to be determined, carry out filtration using
a membrane filter with pores of 0,45 um, previously washed
with hot water until no further organic substances are released.

8 Procedure

8.1 Calibration

A calibration curve is essential whenever comparative methods

1SO 8245 : 1987 (E)

8.3 Determination

Determine the TOC value as instructed by the manufacturer of
the instrument. In the case of direct determination of TOC, the
carbon dioxide present shall be removed prior to analysis. Take
care that the loss of volatile organic substances is minimized.

The TOC of the sample should be in the working range of the
instrument. This can be achieved by diluting a volume (V) of
the sample to 100 ml (V). Prior to TOC determination, care
shall be taken that the function control experiments are carried
out at least at the intervals recommended by the manufacturer.

are used; o
acidimet

or coulometry, it is useful for checkmg the system.

Obtain tHe calibration curve by analysing the potassium
hydrogen [phthalate stock or standard solution of appropriate
concentrafion.

For a TOC mass concentration range of 10 to 100 mg/|, pro-
ceed as fallows.

Prepare frpm the potassium hydrogen phthalate stock solution
(5.1) a sefies of at least five calibration solutions. Pipette into
100 ml volumetric flasks, for example 1; 2,5; 10 and 25 ml of

hydrogen phthalate solution (5.1). Make up to
th water. Analyse each solution and the blank ac-
cording tq the instructions given by the manufacturer. Prepare
a calibratfon curve by plotting the mass concentrations in
milligramsg] per litre against the instrument response. The slope
of the resqilting line is the calibration factor f in milligrams per
litre.

8.2 Control experiments
Check thdt the applied method delivers correct values by run-
ning standards with each series of samples. Depending on the
concentration of the test solution, the foilowing deviations
from the frue value can be tolerated:
1to 10 mg/l £10 %
>10dmg/l £+ 5%

If higher dleviations occur, check the following sources of er-
ror:

the oxidation' or detection system, leakages, errors in

— intdrferences in the instrumental device (for example in
tempjature and gas regulation);

The total system shall be checked regularly dor leaks.

9 Expression of results

9.1 Calculation

Depending on the(TOC instrument used, different types of
readings are obtaiied from which the TOC doncentrations are
to be evaluated/ In the case of discontinuoys measurements,
these values\may represent, for example, pgak heights, peak
areas, or_the volume of the base needed for fjitration. Normally
use peak areas. Peak heights shall be used only in cases where
peak heights are proportional to concentratigns.

In‘the case of continuous TOC measurement/ the CO, concen-
trations are recorded, for example as a line on|a strip chart. The
distance of this line from the zero line is poportional to the
TOC concentration. Calculate the TOC mass concentration
[o{TOC)] using the calibration graph.

The mass concentration in milligrams per [litre can also be
calculated from the following equation:

oitog) = LXLx ¥
Vo
where
o(TOC} is the TOC mass concentration/ in milligrams per
litre;

I is the instrument-dependent response

S is the calibration factor evaluated as in|8.1, in milligrams
per litre; '

— changes in concentration of the test solution;

— contamination of the system.,
In order to confirm the efficiency of the oxidation system it is
advisable to choose test solutions (5.4) as similar to the sample
as possibie regarding oxidizability.
The whole measuring range shall be checked once a week,
These control experiments are in addition to the instrumental

control tests as described in the operating instructions of the
manufacturer.

V is the diluted sample volume (100 ml);

V, is the volume of the sample whlch is diluted to V, in
millititres.

9.2 Precision

Results are expressed in milligrams of carbon per litre. The ex-
pression of results is dependent on the random error (precision)
of the measurement. Report to two or three significant figures.
Report the standard deviation with the degrees of freedom or
the confidence interval as achieved within the laboratory that
carried out the measurement.
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Example:
o(TOC} = 0,76 mg/| or

o(TOC)

il

530 mg/!

2{TOC)

6,32 x 103 mg/l

State whether the sample has been filtered or centrifuged prior
to analysis or if the analysis has been made on a sample that
had been allowed to settle (method of sample pretreatment,

b} all details required for the complete identification of the
sample; ’

c) details concerning the storage .of the laboratdry
samples before analysis;

d) the TOC of the sample, expressed in milligrams of car-
bon per litre; '

e) details of any deviation from the procedure specified in
this International Standard or any other circumstances that
may have influenced the result.

time for settle i c.)
Information regarding repeatability and reproducibility, ob-

tained from thelresults of an inter-laboratory test, is given in the
annex.

10 Test report
The test reponlshall include the following information :

a) a reference to this International Standard;
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