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Part 106. Reactive aluminium : spectrophotometric method (catechol
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Méthodes d’essai de |'eau a usage industriel

Partie 106. Aluminium réactif : méthode spectrophotométrique (Violet catéchol)

Prufverfahren fur Wasser fur industrielle Zwecke

Teil 106. Reaktionsfihiges Aluminium : Spektralphotometrisches Verfahren (Brenzcatechin-Violett)

IMPORTANT NOTE: It is essential that this Part be read in conjunction with the information in Part 100 of this standard, ‘Foreword,

~scope and general requirements’, which is published separately.

1. Scope

The method described is for the determination of soluble
reactive aluminium in industrial waters.

2. Range
Up to 10 pg of aluminium.

NOTE. Limit of detection : 0.2 ug to 0.7 pg of aluminium. These
values are based on the range of results obtained by three
laboratories. The limit of detection has been calculated from

4.65 X ‘within batch’ standard deviation of the blank determination.

3. Maximum size of test portion
The maximum size of test portion is 35 ml.

4. Principle

The method is intended to measure soluble reactive
aluminium. The acidified sample is treated with a solution
of 1, 10-phenanthroline (to reduce interference from
iron), followed by a solution of catechol violet. After
buffering with hexamine to a pH value of 6.0 to 6.2 the
aluminium is determined spectrophotometrically by
measuring the absorbance of the aluminium-catechol
violet chelate.
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To estimate total aluminium in a water, any complexed or
insoluble aluminium should be broken down or solubilized
by using a suitable pre-treatment.

NOTE. This method has been taken from one published by The
Chemical Society, Analytical Chemistry Division; for further

information on this method reference should be made to
W.K. Dougan and A.L. Wilson, The Analyst, 1974, 99, 413.

5. Interferences

A small number of substances have been shown to
interfere with the determination. Their level (as total mass
in the test solution) and an indication of the error to be
expected when measuring 10 pg of aluminium in the test
portion are given below.

HY % error
Fluoride 35 —7
Fiuoride 70 —17
Orthophosphate 280 —17
Orthophosphate 140 —13
Iron (III) 35 +5
Chromium (III) 175 —9
Chromium (I1I) 9 —b
Detergents 175 —14
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Metaphosphates and condensed polyphosphates cause
gross interference and have to be hydrolysed by refluxing
the acidified samptle. A reflux period of 30 min suffices
for most compounds, but for long-chain condensed
phosphates a reflux period of 2 h is necessary.

Under the conditions described in the method, the presence,
separately, at the concentrations indicated, of the following
in the test solution does not cause significant interference.

mg
Calcium 175
Alkalinity 10.5 (as CaCO;)
Magnesium 35
Sodium 35
Potassium 1.75
Sulphate 35
Nitrate 28
Silicate 1.75

g
Nitrite 350
Orthophosphate 60 (as P)
Chlorine (free) 175
Nickel 70
Cadmium 70
Copper (II) 35
Lead (IT) 35
Tin (IT) 35
Manganese (II) 35
Iron (IIT) 10
Chromium (III) 0.9

6. Reagents

The following reagents are required.

6.1 Hydrochloric acid, 5N reagent solution.

6.2 Hydrochloric acid, N. Dilute 5N reagent solution 1 + 4.

6.3 Hydrochloric acid, 0.1N. Dilute 5N reagent solution
1+49,

6.4 1,10-phenanthroline solution. Dissolve 50 g of hydroxy-
ammonium chloride in approximately 400 ml water, and
dissolve in that solution 0.5 g of 1,10-phenanthroline
hydrate. A slight pink colouration of the resulting solution is
unimportant. Transfer the solution into a 500 ml one-mark
volumetric flask, make up to the mark and mix. Store in a
polyethylene bottle.

6.5 Catechol violet solution. Dissolve 0.075 g of catechol
violet in approximately 15 ml of water. Transfer the
solution into a 200 m! one-mark volumetric flask, make up
to the mark and mix well. Store in a borosilicate glass flask.
Microbial growth in the solution can be minimized by
storing in a refrigerator. .

6.6 Hexamine buffer solution. Dissolve 150 g of hexamine
in approximately 350 ml of water and filter the solution
through a glass fibre paper™ if undissolved foreign matter

is present. Transfer the solution into a 500 ml one-mark
volumetric flask; add, by means of a 10 ml measuring
cylinder, 8.4 ml of concentrated ammonia solution 35 %
(m/m) (18N), make up to the mark with water and mix.
(The ammonia solution should be taken from a fresh
stock). Store in a polyethylene bottle.

6.7 Aluminium standard solutions

6.7.1 Aluminium stock solution. Dissolve 7.036 g of
aluminium potassium sulphate dodecahydrate )
(AIK (SO4),.12H, 0} in 250 ml of water containing 20 ml
of concentrated hydrochloric acid 36 % (m/m){11N).
Transfer the solution into a 1000 ml one-mark volumetric
flask and make up to the mark with water. Store in a
polyethyiene bottle.

1 ml = 0.40 mg Al
6.7.2 Aluminium working solution. Transfer 5 ml of the
aluminium stock solution to a 1000 ml one-mark volumetric
flask, add 20 ml of the 5N hydrochloric acid and make up
to the mark with water. Store in a polyethylene bottle.

1 mi=2.0 pgAl

7. Apparatus

All glass apparatus should be cleaned by soaking in the

N hydrochloric acid. The cleanliness of the apparatus may be
further checked by carrying out a set of blank
determinations.

7.1 Two types of polyethylene bottles, both of which
should have caps made solely of polyethylene, are
required.

7.1.1 Thick walled, rigid bottles of any convenient size are
used for collecting samples.

7.1.2 Small bottles, approximately 60 ml capacity, are used
for analysis of samples.

8. Sample collection

Add sufficient of the BN hydrochloric acid to the sample
bottle (suitably marked at the volume to be collected), so
that, when the sample has been collected, it has a final
acidity equivalent to 0.1N.

9. Preparation of calibration curve

To a series of small polyethylene bottles, add 30, 31,

32, 33, 34 and 35 ml of the 0.1N hydrochloric acid and
then add to these bottles 5.0, 4.0, 3.0, 2.0, 1.0 and O ml
respectively, of the aluminium working solution, equivalent
to 10, 8, 6, 4, 2 and 0 ug of aluminium in a volume of 35 mi.
To each bottle add 1.0 m! of the 1,10-phenanthroline
solution, 2.0 ml of the catechol violet solution and 10.0 ml
of the hexamine buffer solution, mixing by swirling between
each addition. Replace the caps on the bottles and finally
shake well. After addition of the buffer, the pH value of

the solution should be in the range of 6.0 to 6.2. Check

that this pH value is achieved each time a fresh buffer
solution is prepared.

Between 10 min and 20 min after adding the hexamine
buffer measure the absorbance of each solution, using
10 mm cells at a temperature between 20 °C and 25 °C in
a spectrophotometer at the wavelength corresponding to
maximum absorption (approximately 585 nm, but the
exact wavelength should be checked for each
spectrophotometer). Use water in the compensating cell.
Deduct the reading for the blank solution containing no
added aluminium from those obtained for the standard
solutions. Plot a calibration graph of the net absorbances
against the corresponding micrograms of aluminium.
The corrected absorbance given by a solution containing
1 pg of aluminium is approximately 0.05.
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* Whatman GF/C paper is suitable.
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