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total of 30 laboratories around the world have partici-
pated in this RRT and 64 different analyses on triplicate
specimens for three different chloride contents have
been carried out.  The procedure for the analysis of total
chloride has been divided in two steps: extraction and
quantification, being able to discriminate the reliability of
the procedure followed in each of them.  Two different
methods of extraction of total chloride from the solid
sample as well as six different forms of analysing the
resulting liquids have been tested. It was also decided
that other methods could also be used to the choice of
each laboratory. The complete recipes and results
including the statistical analysis can be found in [1].
Other round-robin tests can be found in [2, 3], being
presently one the largest ever performed.

As a f inal result, the method considered to be the
most suitable reference for total chlorides (extraction and
quantif ication) is the Volhard method [4-7], which is
that described in this recommendation.  The ASTM ref-
erence method for analysis of total chlorides can be
found in [8].

2. AIM AND SCOPE

The present recommendation describes the so-called
Volhard Method of analysis (extraction and quantifica-
tion) of total chloride content in hardened concrete.
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1. BACKGROUND 

Reinforcing steel bars embedded in concrete depassi-
vate when a certain amount of chlorides is built up in
their surrounding, being the risk for reinforcement corro-
sion related to the chloride content in the concrete.
Therefore, reliable chloride analysis in hardened concrete
becomes a key parameter in the evaluation of existing
structures and in the prediction of future service life.  

The present recommendation is the result of a
Round-Robin Test on chloride analysis in concrete, car-
ried out by the Technical Committee TC 178-TMC.  A
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3. DEFINITIONS

Total chloride content: is the total amount of
chloride ion in a sample of concrete, including bound in
the solid phases and free chlorides in the pore solution.

Free chloride content: is the amount of chloride
ion in the pore solution as obtained by squeezing con-
crete samples at high pressures. 

Water soluble chloride content: is the amount of
chloride ion in a sample of concrete which can be
extracted by leaching with water at room temperature.

Repeatability (r): is the value below which the
absolute difference between two different individual
results obtained in the same conditions (same operator,
same device, same laboratory and small period of time) is
obtained with a probability of 95%.

Reproducibility (R): is the value below which the
absolute difference between two different individual results
obtained in different conditions (different operators, differ-
ent device, different laboratories and/or different periods of
time) is obtained with a probability of 95%. 

4. SAMPLE REQUIREMENTS

The sample must be ground to pass through a 0.16 mm
sieve, carefully homogenized and dried at 105-110°C dur-
ing 24 h. At least two sample portions, about 1 g each,
must be weighted to the nearest 0.0001 g, to be tested.

5. MATERIALS AND REAGENTS 

5.1. Apparatus

Analytical balance (0.0001 g sensitivity).
Dessicator.
Magnetic stirrers.
Pipette (0.05 ml sensitivity).
Vacuum filtering facility, Buchner funnel, filtration

f lask (500 cm3 capacity), and filter paper (20 micrometer
pore diameter approximately).

Burette (0.1 ml or higher sensitivity).

5.2. Reagents

All solutions should be prepared with distilled water
and p.a. reagents. Concentrated nitric acid is 60%
HNO3 by weight (specific gravity 1.37 g/cm3).

HNO3 (1:2)
Mix in a glass container 1 volume of concentrated

HNO3, for instance 200 cm3, and 2 volumes of water,
400 cm3. The solution, which must be colourless, is
homogenized and kept in a glass bottle.

HNO3 (1:100)
Pour 15 cm3 of HNO3 (1:2) in a glass container with

490 cm3 of water.
AgNO3 0.05 M
It is strongly recommended to use a commercially

available pre-titrated solution. If not possible, prepare
the solution by weighting AgNO3 and dissolving it in
distilled water, and standardize it by titration using pure
NaCl as a primary standard [4]. Keep the solution in a
dark glass bottle.

NH4SCN approximately 0.05 M
Dissolve 3.8 g of NH4SCN in distilled water and

transfer the so prepared solution quantitatively to a 1000
cm3 graduated f lask. Make up with water, homogenize
and keep it in a glass bottle.

NH4Fe(SO4)2.12H2O indicator
Prepare 100 cm3 of saturated solution, at room tem-

perature, of NH4Fe(SO4)2.12H2O.
Add 10 cm3 of HNO3 (1:2), homogenize the solu-

tion and keep it in a dropper bottle.

6. ANALYTICAL PROCEDURE

Weigh with an accuracy of ± 0.0001 g a sample por-
tion of about 1 g in a glass beaker of 250 cm3, covering it
with a watch glass. Add 50 cm3 of HNO3 (1:2). When
the effervescence has ceased heat the suspension with
continuous agitation until it boils for 1 minute.  Add 5
cm3 of the standardized 0.05 M AgNO3 solution by
means of a pipette. Allow the suspension to boil for 1
minute more and f ilter over f ilter paper, previously
washed with HNO3 (1+100), receiving the filtrate in the
500 cm3 filtration f lask.

Wash adequately the beaker, agitator and filter paper
with HNO3 (1:100). The f inal volume of the f iltrate
should be about 200 cm3.  

Allow the filtrate to cool down to room temperature.
Add to the filtrate 20 drops of the indicator solution, stir
vigorously and titrate with the 0.05 M NH4SCN solution. 

The titration should be stopped when a drop of the
thiocyanate solution produces a slight red brown colour,
which does not disappear with agitation. Record the
spent volume (V1) of the NH4SCN solution.

If the Cl- content of concrete is higher than 0.17%,
the test should be repeated using a higher volume of 0.05
M AgNO3 solution (for instance 10 cm3).

Run a blank test using the procedure described above
with the same reagents, but without sample. Record the
spent volume (V2) of NH4SCN solution corresponding
to the blank test.

Remark: It is necessary to take into account the pos-
sible interferences of other ions, for example, S= which
can be avoided by adding H2O2.

7. CALCULATIONS

The chloride content in the concrete, expressed as
percentage relative to the weight of dry sample (% Cl), is
calculated by the following expression:

where VAg is the volume of AgNO3 added (in cm3),

%
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MAg is the real molarity of the AgNO3 solution, V1 and
V2 are the volumes of NH4SCN solution (in cm3) used
in the sample and blank tests respectively. m is the mass
of the sample portion (in grams).

8. TEST REPORT

The test report must include:
General data:

Identification of the sample (nature, location, sampling
date, possible remarks)
Date of the test and location
Name of the person in charge of the test
References about this test procedure.

Results:
Chloride content (Percentage in weight (% Cl)).

9. ACCURACY

The values of repeatability (r) and reproducibility (R)
for this method of determination of total chlorides have
been determined following the standard ISO 5725-1981
(F), resulting the repeatability is independent of the
actual value, with an average of 0.0135. The repro-
ducibility is linearly dependent of the actual value

according to the following equation: R = 0.1312 (% Cl)
+ 0.0152, with a correlation coefficient, r of 0.994.
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