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ISO 10694:1995(E)

Soil quality — Determination of organic and total

carbon after dry combustion (elementary analysis)

1 Scope

This Int¢rnational Standard specifies a method for the
determihation of the total carbon content in soil after
dry combustion. The organic carbon content is calcu-
lated frgm this content after correcting for carbonates
present|in the sample. If carbonates are removed be-
forehang, the organic carbon content is measured di-
rectly.

This International Standard is applicable to all types
of air-drled soil samples.

2 Normative references

The following standards contain jprovisions which,
through|reference in this text,yconstitute provisions
of this Ipternational Standard) At the time of publica-
tion, thg editions indicated were valid. All standards
are subject to revision,/and parties to agreements
based dn this Interpational Standard are encouraged
to investigate thé. possibility of applying the most re-
cent edlitions-of the standards indicated below.
Membefs 6f, [EC and ISO maintain registers of cur-
rently validdnternational Standards.

ISO 11465:1993, Soil quality — Deter
matter and water,~content on a 1
Gravimetric method,

3 Principle

The.\sarbon present in the soil is oxi
dioxide (CO,) by heating the soil to at
a flow of oxygen-containing gas that is
bon dioxide. The amount of carbon d
is then measured by titrimetry, gravi
tometry, gas chromatography or using
tection method, depending on the a
When the soil is heated to a tempera
900 °C, any carbonates present are

imination of dry
nass basis —

lized to carbon
least 900 °C in
free from car-
oxide released
metry, conduc-
an infrared de-
pparatus used.
ture of at least
completely de-

composed. For the determination of fhe organic car-

bon content, any carbonates present
removed by treating the soil with hy

are previously
drochloric acid.

Alternatively, if the carbonate content df the examined
samples is known and corrections ar¢ made for the

carbonates present when the organic
is calculated.

NOTE 1
ence of carbonates is unlikely. For examp

carbon content

When the pH-CaCl, is less thgn 6,5, the pres-

e, this combina-

tion of low pH and presence of carbonateg is only possible

in recently limed soils.

ISO 3696:1987, Water for analytical laboratory use —
Specification and test methods.

ISO 10390:1994, Soil quality — Determination of pH.

ISO 10693:1995", Soil quality — Determination of
carbonate content — Volumetric method.

ISO 11464:1994, Soil quality — Pretreatment of sam-
ples for physico-chemical analyses.

1) To be published.

4 Reagents

Use only reagents of recognized analytical grade and
distilled or deionized water for all solutions.

4.1 Water, with an electrical conductivity not higher
than 0,2 mS/m at 25 °C (grade 2 water according to

ISO 3696).
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4.2 Calibration substances, e.g. acetanilide
(CgHgNOQ), atropine (C;;H,3NO;), calcium carbonate
(CaCOy), spectrographic graphite powder (C) and pot-
assium hydrogen phthalate (CgHzKO,).

4.3 Hydrochloric acid, ¢(HCIl) =4 mol/l.

Dilute 340 ml
(p=1,19 g/ml)

NOTE 2
reagents and/or
oxidation, remov
interfere with t
should be consul

of concentrated hydrochloric acid
to 1 000 ml with water (4.1).

Depending on the method of detection used,

© SO

7 Procedure
The procedure consists of the determination of either

a) the total carbon content including that carbon
present as carbonate; or

b) the organic carbon content after removal of
carbonate.

NOTE 7  The total organic carbon content may be calcu-

catalysts may be required for reduction,
bl and/or fixing of combustion gases which
he analysis. The manufacturer's manual
ted for the apparatus to be used.

5 Apparatys and glassware

5.1 Standard

5.2 Analytica
rately to 0,1 m
ing accurately t

5.3 Apparatu

laboratory glassware.

| balance (capable of weighing accu-
j) or microbalance (capable of weigh-
b 0,01 mg).

b for determination of the total car-

bon content, 4y combustion of the sample at a tem-

perature of at
measuring the

NOTES

3 The following

east 900 °C, including a detector for
carbon dioxide formed.

detection methods are currently @vailable:

titrimetry, gravimetry, conductometry, gas chromatography

and infrared mea

4 Some moder

surement.

N instruments are capable’ of determining

organic and inorgianic carbon separately/in one run, by in-
creasing the temperature gradually~and continuously meas-

uring the carbon

dioxide.

5 Some instrunpjents are €apable of simultanuously deter-

mining total nitro

5.4 Crucibles

pen anditotal carbon in soils.

made of porcelain_quartz_silver tin

fated by determining the total carbon content and Jsubtract-
ing the carbon present as carbonate which)|can be
determined according to ISO 10693.

7.1 Calibration of the apparatus

Calibrate the apparatus as( described in the felevant
manual. For calibration\or’ establishing a cafibration
graph, use one of the-substances listed in 4.2.

7.2 Determination of the total carbon
content

The amount of test portion taken for analysis depends
on.the expected total carbon content and on|the ap-
paratus used. Weigh out m, g of the air-dried|sample
in a crucible (5.4). Carry out the analyses in|accord-
ance with the manufacturer's manual for thg appar-
atus.

When the organic carbon content is to be detdrmined,
the carbonates present shall be removed firsq. In this
case, follow the procedure described in 7.3.

7.3 Determination of the organic carbjon
content

Add an excess of hydrochloric acid (4.3)[to the
crucible containing a weighed quantity of air-dried soil
(see 7.2) and mix. Wait 4 h and dry the crugible for
16 h at a temperature of 60 °C to 70 °C. Thén carry

or nickel, of various sizes.

NOTE6 Tinor

nickel crucibles are not acid-resistant.

6 Laboratory sample

Use the fraction of particles less than 2 mm of air-
dried soil samples pretreated according to ISO 11464.
Use part of the laboratory sample to determine the

water content according to ISO 11465 and, if
necessary, the carbonate content according to
ISO 10693.

out—the —anatysis imaccordance with the manufac-
turer's manual for the apparatus.

NOTE 8 The quantity of hydrochloric acid to be added
depends on the weighed amount of test portion and on the
carbonate content. In all cases, an excess of hydrochloric
acid should be added, which can be estimated by assuming
that the quantity of the sample to be analysed consists of
100 % carbonates.

SAFETY PRECAUTIONS — The crucibles used
should be large enough to avoid problems when
transporting crucibles containing samples to
which hydrochloric acid has been added.
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8 Calculations

8.1 Total carbon content

Calculate the total carbon content of the sample, on
the basis of oven-dried soil, using the following
equation:

ISO 10694:1995(E)

8.2.2 Organic carbon content (direct
determination)

If the carbonates are removed beforehand (following

the procedure described in 7.3), the organic carbon
content is determined according to 8.1.

8.3 Organic matter content

m, 100 + wy 0
wep=1000x 5% 0,272 7 x 100 The organic matter content of the soil sample can be
calculated from the organic carbon(egntent using the
where following equation:
we is the total carbon content, in grams per Wom =f X We o
kilogram, on the basis of oven-dried soil;
where
m is the mass, in grams, of the test por-
tion; Wom 1S the ofganic matter contgnt of the soil, in
grams per kilogram, on th¢ basis of oven-
m, is the mass, in grams, of carbon dioxide dried soil:

released by the soil sample;
0,272 7 is the conversion factor for CO, to C;

Whlo is the water content, expressed as a
percentage by mass, on a dry mass ba-
sis, determined according to ISO 11465.

8.2 (Qrganic carbon content

8.2.1 Prganic carbon content (indirect
deternjination)

Calculate the organic carbonrceontent of the sample,
on the|basis of oven-dried-soll, using the following
equatioh:

web = wer — (042X weaco)
where

weh . is the organic carbon content, in grams

nar kilaararm an thg hagic nf Avan.driad
per—KHograR—oR—+he——4ast —OMeR=-gHea

Weo /1S the organic carbon contgnt of the soail, in
grams per kilogram, on th¢ basis of oven-
dried soil;

f is a conversion factor.
NOTE 9 The conversion factor depends on the type of

organic matter and, for agricultural soils, ray vary between
1,7 and 2,0.

9 Repeatability

The repeatability of the determinatio
content carried out in two separate g
cuted measurements shall satisfy

n of the carbon
onsecutive exe-
the conditions

given in table 1.

Table 1 — Repeatability

soil;

We is the total carbon content, in grams per
kilogram, on the basis of oven-dried sail,
calculated according to 8.1;

0,12 is the conversion factor;

Weaco, 1S the carbonate content of the soil, in
grams per kilogram, expressed as
calcium carbonate equivalent on the basis
of oven-dried soil, determined according
to ISO 10693.

Carbon-content
a/kg Acceptable
; d variation
greater than up to an
including
0,0 2,5 0,25 g/kg absolute
2,5 75 10 % relative
75 7.5 g/kg absolute

The results of an interlaboratory trial for the determi-
nation of total carbon and organic carbon in five soils
are given in annex A.
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10 Test report

The test report shall contain the following information:
a) a reference to this International Standard;

b) a reference to the method used;

c) all information necessary for complete identifica-
tion of the sample;

d)

© SO

the result of the determination for total carbon
and/or organic carbon, in grams per kilogram, cal-
culated on the basis of oven-dried soil;: when the
organic carbon content is determined, it shall be
stated whether the carbonate content was deter-
mined, or whether carbonates were removed
prior to the determination;

details of any operation not specified in this Inter-
national Standard or regarded as optional, as well
as any factor which may have affected the results.
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Annex A
(informative)
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Results of interlaboratory trials

An interlaboratory trial was organized in 1993 by the

of measurement methods and results — Part 2: Basic

Wagening
lands, to
national S

For this i

anAaricidtiiral Llnahoraitn, 1 tha Nt~
H— A GHourtea— o R eSS HR— R E— ettt

erify the procedures specified in this Inter-
tandard.

terlaboratory trial, the determination of the

organic amd total carbon content in five soil samples

was carri
received
and also f

The types
table A.1.

The reped
results of

bd out by nine laboratories. Results were
from eight laboratories for organic carbon
Dr total carbon.

of soils used and their origin are listed in

tability (r) and the reproducibility (R) of the
the analyses obtained by the laboratories

are presented in tables A.2 and A.3.

The  val
ISO 5725-

les  were calculated according to
2:1994, Accuracy (trueness and precision)

methoad—for—the—determmatior—of repgatability and
reproducibility of a standard measuretient method.

Table A.1 — Types- of soils used for the
interlaboratory)trial and their ¢rigin

Soil No. Soil type Origin
1 Muck soil Poland
2 Andosol Indonesia
3 Garden soil Netherlands
4 Loess under forest Switzerland
5 Sandy soil Mali

Table A.2 — Results of the.interlaboratory trial for the determination of organic carbon|in soil
Results
Parameter Soil No.
1 2 3 4 5
Number df laborataries retained after eliminating outliers 7 8 8 8 8
Number df outliers*(laboratories) — — — — —
Number df accepted results — — — — —
Mean value (g/kg dry soil) 410,42 63,3 83,88 41,537 2,47
Standard deviation of the repeatability (s,) 4,318 1,225 4,275 1,045 0,272
Relative standard deviation of the repeatability (%) 1,052 1,935 5,096 2,515 10,998
Repeatability limit (r = 2,8 x s,) 12,090 3,43 11,969 2,925 0,761
Standard deviation of the reproducibility (sg) 127,413 | 11,957 | 19,376 5,623 1,655
Relative standard deviation of the reproducibility (%) 11,087 | 18,888 | 23,098 | 13,297 62,92
Reproducibility limit (R = 2,8 x sg) 45,505 33,48 54,253 | 15,465 4,355
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Table A.3 — Results of the interlaboratory trial for the determination of total carbon in soil
Results
Parameter Soil No.
1 2 3 4 5
Number of laboratories retained after eliminating outliers 8 8 8 8 8
Number of outliers (laboratories) — — —_ — —
Number of accepted results — — — — —
Mean value (g/kg dry soil) 439,46 72,86 98,56 45,61 2,63
Standard devlation of the repeatability (s,) 6,622 1,314 2,387 16031 0,127
Relative stanglard deviation of the repeatability (%) 1,507 1,803 2,422 2,481 4,833
Repeatability [limit (r = 2,8 x s,) 18,644 3,679 6,686 3,169 0,356
Standard devfation of the reproducibility (sg) 25,246 5,92 9,483 2,387 1,391
Relative stanglard deviation of the reproducibility (%) 5,744 8,124 9,620 5,234 52,751
Reproducibility limit (R = 2,8 x sg) 70,69 16,5747 26,552 6,685 3,895
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Annex B
(informative)

[17 NELSON, D. W. and SOMMERS, L. E. (1982) Total carbon, organic carbon and organic matter, Methods of Soil
v v \ 7 ' Yo LAV i Uiyainu gL, avicuivus Ui oUibi
Anallysis, Part Z (second edition] Page et al. (eds), Soil Sci. Soc. Amer., Madison, Wistonsin, USA

pp. $74-577.
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