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National foreword

This Section of this British Standard, which has been
prepared under the direction of the Environment and
Pollution Standards Committee, is identical with 1SO 5961-
1985 ‘Water quality — Determination of cadmium — Flame
atomic absorption spectrometric methods’. The international
standard was prepared by subcommittee 2, Physical,
chemical and biochemical methods, of Technical Committee
147, Water quality, of the International Organization for
Standardization (ISO) as a result of discussion in which the
UK participated.

This British Standard is being published in a series of Parts
subdivided into Sections that will generally correspond to
particular international standards. Sections are being, or will
be, published in Parts 1 to 6 which, together with Part 0,
are as follows.

Part 0. Introduction

Part 1. Glossary

Part 2. Physical, chemical and biochemical methods
Part 3. Radiological methods

Part 4. Microbiological methods

Part 5. Biological methods
Part 6. Sampling

Terminology and conventions. The text of the international
standard has been approved as suitable for publication as a
British Standard without deviation. Some terminology and
certain conventions are not identical with those used in
British Standards; attention is drawn especially to the
following. :

The comma has been used as a decimal marker. In British
Standards it is current practice to use a full point on the
baseline as the decimal marker.

Wherever the words ‘International Standard’ appear,
referring to this standard, they should be read as ‘Section
of BS 6068’.

In British Standards it is current practice to use the symbol
‘L’ for litre (and its submultiples) rather than ‘I’ and to use
the spelling ‘sulphur’, etc., instead of ‘sulfur’, etc.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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1 Scope and field of application

1.1 This International Standard specifies three methods for
the determination of cadmium in water and waste water

— method A, by direct flame atomic absorption spec-
trometry, which is applicable for the determination of cad-
mium concentrations in the range from 0,05 to 5,0 mg/|

— method B, by flame atomic absorption spectrometry,
after chelation with ammonium pyrrolidin-1-yl
dithiocarboxylate!? (APDC) and extraction with methyl
isobutyl ketone (MIBK), which is applicable for the deter-
mination of cadmium concentrations in the range from
0,001 to 0,010 mg/I

— method C, by flame atomic absorption spectrometry
after chelation with hexamethyleneammonium hexa-
methylenedithiocarbamidate (HMA-HMDC) and extraction
with di-isopropy! ketone (DIPK), which is applicable for the
determination of cadmium concentrations in the range from
0,000 5 to 0,050 mg/I.

The upper limit of determination may be extended by dilution of
the sample or by using a smaller volume of sample for the
analysis.

1.2 Method A lacks sufficient sensitivity for the analysis of
most natural waters and its application is, therefore, restricted
to analysis of samples containing cadmium at concentrations
greater than 0,05 mg/l. Samples containing cadmium at con-
centrations lower than this shall be analysed by one of the other
methods. Method A is not suitable for the analysis of brines or
waste waters with high calcium contents (for example above
1000 mg/l). Extraction methods are always preferable if
analysing samples containing high concentrations of dissolved
solids.
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1.3 Methods B and C may be used to determine cadmium in
samples of most natural waters provided that significant
amounts of organic materials are not present. Either method
may also be used to determine cadmium in brines and brackish
waters.

1.4 Methods B and C are essentially equivalent methods, and
both may be expected to provide analytical data of acceptable
reliability.

2 Sampling and samples

2.1 Only thoroughly clean bottles shall be used to collect
samples to be analysed for cadmium. Both polyethylene and
borosilicate glass bottles have been found suitable. The bottles
shall be soaked overnight with dilute (1 + 1) nitric acid and
then rinsed with water.

2.2 For the determination of total recoverable cadmium, the
samples shall be preserved by adding, at the time of collection,
concentrated nitric acid (o0 = 1,41 g/ml) until the pH is 1,5 or
less. In the case of fresh waters, 2 ml of concentrated nitric
acid per litre of sample is usually sufficient.

2.3 For the determination of dissolved cadmium only, filter
the sample at the time of collection through a membrane filter
of pore size 0,45 um, or its equivalent. Acidify the filtrate im-
mediately with concentrated nitric acid (¢ = 1,41 g/ml) until
the pH is 1,5 or less.

NOTE — The membrane filters shall first be soaked in 1 % (V/ V) nitric
acid solution for 24 h, and then thoroughly rinsed with water.
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Section one : Method A — Direct flame atomic absorption
spectrometric method

3 Applicability

See 1.1.

4 Principle

Direct aspiration of a prepared test portion into the flame of an
atomic absorption spectrometer and comparison of the absorb-
ance obtained with the absorbances of calibration solutions.

Dissolved cadmium may be determined by aspirating the
acidified filtrate (3.3) directly with no pretreatment.

Total recoverable cadmium may be determined after

hydrochloric acid-nitric acid mineralization and filtration (see
7.3.3 and 7.4.2).

5 Reagents

All reagents shall be of recognized analytical grade and shall be
checked to ensure that they are of sufficient purity to permit
their use without affecting the accuracy of the determination.
Unless otherwise stated, the water used shall be deionized

water or distilled and deionized water containing no detectable
concentration of cadmium when analysed by a blank test.

5.1 Cadmium, standard solution corresponding to 1,000 g
of Cd per litre.

WARNING — Cadmium is highly toxic. Avoid ingestion.

Dissolve 1,000 g cadmium in 5 ml nitric acid (5.4), heat to com-
plete dissolution, cool and dilute to 1 000 ml with water.

It is also possible to use metallic salts, provided that their cad-
mium content has been accurately verified in an independent
procedure.

1 ml of this standard solution contains 1 mg Cd.

NOTE — The standard solution is commercially available.

5.2 Cadmium, standard solution corresponding to 0,1 g of
Cd per litre.

Dilute 100 ml of the standard cadmium solution (5.1) to
1 000 ml with nitric acid solution (5.5).

"1 ml of this standard solution contains 0,1 mg of cadmium.

Prepare this solution on the day of use.
5.3 Hydrochloric acid, concentrated (0 = 1,19 g/ml).

5.4 Nitric acid, concentrated (¢ = 1,41 g/ml).

5.5 Nitric acid, dilute (1 + 499).

Add 1 ml of the concentrated nitric acid (5.4) to 400 ml of water
and dilute to 500 ml.

6 Apparatus

Usual laboratory apparatus and

Atomic absorption spectrometer, suitable for making
measurements at 228,8 nm with automatic background correc-
tion and equipped with a cadmium hollow cathode lamp or cad-
mium electrodeless discharge lamp (high frequency excitation)
and an air-acetylene flame.

Follow the manufacturer’'s instructions for safety and for ad-
justing all instrument parameters.

NOTE ON CLEANING OF GLASSWARE

Clean all glassware with warm, dilute (1 + 1) nitric acid sol-
ution and rinse with water.

7 Procedure

7.1 Test portion

Take, by means of a pipette, a volume of the well-mixed,
acidified laboratory sample (see clause 2) such that the cad-
mium content is less than 0,5 mg (not more than 100 ml of
laboratory sample). Transfer to a 100 ml measuring flask and
make up to volume with water, if necessary, using a pipette.

7.2 Blank test

Carry out a blank test simultaneously with the determination,
using the same reagents in the same quantities and following
the same procedure, but replacing the test portion by 100 ml of
water.

7.3 Preparation of the calibration graph

7.3.1 Preparation of the set of calibration solutions

Prepare 100 ml of at least four calibration solutions by diluting
the cadmium standard solution (5.2) with nitric acid (5.5}, such
that the cadmium contents are equally dispersed over the range
corresponding to the expected cadmium content of the
sample. Use, as the zero member, 100 mi of nitric acid solution
(5.5).

Prepare the solutions on the day of use.
7.3.2 Dissolved cadmium

For the determination of dissolved cadmium only, proceed
directly with the spectrometric measurements (7.3.4).
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