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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the work.

Draft International Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the ISO Council. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.

international Standard 1SO 8288 was prepared by, Technical Gommittee ISO/TC 147,
Water quality.

Users should note that all International Standards undergo revision from‘time to time
and that any reference made hergimto-anylotherdnternational:Standatdsimpliesits
latest edition, unless otherwise stated. ”

© International Organization for Standardization, 1986 ®

Printed in Switzerland



Water quality — Determination of cobalt, nickel, copper,
zinc, cadmium and lead — Flame atomic absorption

spectrometric methods
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This International Standard specifies thi Metnoas 1of tn

e
determination of cobalt, nickel, copper, zinc, cadmium and
lead in water by flame atomic absorption spectrometry :

Section one: method A, for direct determination by flame
atomic absorption spectrometry ;

Section two : method B, fordetermination by flameatomic
absorption spectrometry after'chelation{APDC)and extrac-
tion (MIBK);

Section three: method C, for determination by flame
atomic absorption spectrometry after chelation [ {HMA:
HMDC) and extraction (DIRPKxylene):

2 Field of application

2.1 Method A is particularly applicable when concentrations
of elements to be analysed are relatively high and when there
are no interferences.

When the samples are of a complex or unknown nature or
when they contain high concentrations of dissolved solids
(brines or brackish waters) method A is not applicable and
either method B or C should be selected.

The concentrations of elements which can be determined by
method A may vary according to the characteristics of the
atomic absorption spectrometric apparatus used but are
generally in the ranges indicated in table 1.

If the concentrations are greater than the upper limits indicated
in the table, the sample may be diluted before analysis.

2.2 Methods B and C are applicable when concentrations of
elements to be analysed in the sample (or dilution of the
sample) are greater than 0,5 ug/I.

2.2.1 . Method B

The concentrations of the elements which can be determined
by method B may vary according to the characteristics of the
atomic absorption spectrometer used but are generally in the
ranges indicated in table 2.

Table 2
Element to be determined Range of(ﬁgt/(le)rmination
Cobalt 1 to 200
Nickel 1 to 200
Copper 1 to 200
Zinc 0,5to 50
Cadmium 0,5to 50
Lead 5 to 200

2.2.2 Method C

With a ratio of test portion to extraction solution of 20 to 1 by
volume as indicated in 21.2, the concentrations of elements
which can be determined by method C vary as indicated in
table 3.

Table 1 Table 3
Element to be determined Range of determination Element to be determined Range of determination
(mg/1) (ng/h)
Cobalt 0,1 to 10 Cobalt 0,5 to 100
Nickel 0,1 to 10 Nickel 0,5 to 100
Copper 0,05to 6 Copper 0,5 to 100
Zinc 0,05to0 2 Zinc 0,2to 50
Cadmium 0,02t0 2 Cadmium 0,2to 50
Lead 0,2 to 10 Lead 2 to 200
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Lower concentrations may be determined by choosing a higher
ratio of test portion to extraction solution. A ratio of 50 to 1 by
volume is possible since the organic solvent mixture is only very

slightly soluble in water.

With method C, separation of the aqueous and the organic
phases is faster. The metal chelates, especially the Cd-chelate,
are more stable in the organic solvent mixture.

NOTES

1 When determining total metals, it is necessary to pretreat the
sample before analysis (see examples of procedures in annex A).

2 Methods B and C are not applicable when the chemical oxygen
demand (COD) of the samples (or diluted samples) is greater than
500 mg/I.
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Section one: Method A — Direct determination by flame atomic
absorption spectrometry

3 Principle

Aspiration into the flame of an atomic absorption spectrometer
of a test portion of the acidified filtrate of the sample (or diluted
sample).

Direct determination of the concentration of each element,
either from the specific absorbance of each element using a
spectrometer fitted with a continuous background correction
system, or, in the absence of such a system, after having car-
ried out a correction for a non-specific absorbance.

4 Reagents

All reagents shall be of recognized analytical grade so that their
use does not affect the accuracy of the determination. The
water used shall be deionized water or distilled water contain-
ing no detectable concentration of the metals being determined
when analysed by a blank test.

4.1 Nitric acid, ¢ = 1,4 g/ml.

4.2 Nitric acid, c(HNO3) = 1,6 maljl.

Add 100 ml of nitric acid (4.1) to 600 ml of/water,and dilute-to
1000 ml.

4.3 Nitric acid, c(HNO3) = 0,03 mol/I.

Add 1 ml of nitric acid (4.1) to 400 ml of water-and dilute, to
500 ml with water.

4.4 Metals, standard solutions corresponding to 1,000 g of
metal per litre.”

For each element to be determined, weigh 1,000 g of pure
metal and dissolve it in nitric acid (4.1), heating to effect com-
plete dissolution. Allow to cool and transfer each solution
quantitatively to a 1 000 ml one-mark volumetric flask, dilute to
the mark with water and mix.

For preparing standard solutions, it is also permissible to use
metal salts of accurately known composition.

Store each of the standard solutions in either polyethylene or
borosilicate glass containers.

1 ml of each of these standard solutions contains 1,00 mg of
the respective metal.

5 Apparatus
Usual laboratory equipment, and

Atomic absorption spectrometer, fitted with hollow
cathode lamps for the appropriate metals or electrodeless

1) Standard solutions are commercially available.

discharge lamps, and with a suitable device for allowing for the
correction of the non-specific absorbance and with a nebulizer-
burner with an acetylene-air flame.

Follow the manufacturer’s instructions for adjusting all instru-
ment parameters.

NOTE ON CLEANING OF GLASSWARE

All the glassware shall be carefully soaked in nitric acid (4.2)
then rinsed with water.
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6.1 Polyethylene or borosilicate glass containers which have
been previously cleaned with nitric acid (4.2) then rinsed with
water, shall be used for sampling.

6.2 If total metals are to be determined, samples shall be
treated by the addition of nitric acid (4.1) immediately after
collection in order to obtain a pH between 1 and 2 (usually 2 ml
of acidper litre of sample is sufficient). Note the amount of acid
added and use the same volume in the preparation of the
blank (7.2).

Ifconly-dissolved 'metals’are to be determined, filter the sample
as!soon as possible after collection through a membrane filter
of nominal pore diameter 0,45 um and acidify the filtrate im-
mediately with nitric acid (4.1) in order to obtain a pH between
1 and 2.

Before use, filters shall be thoroughly washed with nitric acid
(4.2) and rinsed with water.

7 Procedure

7.1 Test portion

Into a 100 ml one-mark volumetric flask, place a test portion of
the acidified sample (6.2) such that it contains 0,2 to 1 mg of
metal (see table 1 for the upper limits corresponding to each
element). Make up to the mark with water.

7.2 Blank test

Carry out a blank test in parallel with the determination, by the
same procedure, using the same quantities of all the reagents
as in the sampling and determination, but replacing the test
portion by water.
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7.3 Preparation of the sets of calibration
solutions

Before each batch of determinations, prepare from each of the
standard solutions (4.4) at least four calibration solutions cover-
ing, for each element, the range of the concentrations to be
determined.

Prepare these calibration solutions by diluting standard
solutions (4.4) with nitric acid (4.3).

7.4 Calibration and determination

Proceed as follows for each metal being determined. Before
carrying out the spectrometric measurements, set up the spec-
trometer according to the manufacturer’s instructions by
aspirating a calibration solution (7.3) of the particular metal
being determined and using the information in table 4. Op-
timize the aspiration and flame conditions (aspiration rate,
nature of the flame, position of the optical beam in the flame).
Adjust the response of the instrument to zero absorbance with
water.

Table 4
Element Wavelength
to be determined {nm) Hame
Cobalt 240,7 Acetylene-air
Nickel 232,0 Oxidizing acetylene-air
Copper 324,7 Oxidizing atetylene-air
Zinc 213,8 Acetylene-air
Cadmium 228.8 Acetylene-air
Lead g?gg Acetylene-air

For each metal being determined, aspirate the set|of: calibration
solutions {7.3) and, as zero member, the blank solution: {Z.2).
Plot a graph having the metal contents, in milligrams per litre,
of the calibration solutions as abscissae and the corresponding
values of absorbance as ordinates. It is advisable that the
calibration graph be checked, for example by measuring the ab-
sorbance of a calibration solution every 5 samples.

Aspirate the test portion (7.1) into the flame of the burner.

Measure the absorbance of the metal being determined and
after each measurement aspirate the nitric acid (4.3) in order to
rinse the nebulizer system.

NOTE ON CORRECTION FOR NON-SPECIFIC ABSORPTION

If the spectrometer used is not fitted with a background correction
system which supplies automatically a signal corresponding to the
specific absorbance A of the metal to be determined, it is necessary to
measure the non-specific absorbance 4. To do this, proceed as
follows.

Choose a spectral line in the proximity of that of the metal to be deter-
mined in order to ensure that the difference between the wavelengths
of the two spectral lines does not exceed 1 nm.

Use a spectral line of the gas contained in a hollow cathode lamp
(argon or neon), or a spectral line emitted by a zirconium or deuterium
hollow cathode lamp (see table 5).

Measure the absorbance A corresponding to this spectral line by re-
aspirating the test portion.

Calculate the specific absorbance
A=A1- A

where A4 is the total absorbance at the wavelength of analysis.

The flame conditions and the energy assigned to the lamps shall
remain unchanged throughout the measurements of the absorbances
/41 and Ao.

Table 5
Aq1 measurement Ay measurement

Element wavelength wavelength

(nm) {nm)
Cobalt 240,72 241 (D)
Nickel 232,00 232 (D)
Copper | 324,75 325 (zn)
Zinc 213,86 214 (D)
Cadmium 228,80 229 (D)
Lead 283,30 283,7 (Zr)

7.5 Check test

Carry out check tests in order to reveal any matrix effect. To do
this, use the method of standard additions.

If a matrix effect is found to be present, the method is not ap-
plicable : recommence the determination using either method B
or method C or use the results obtained by the method of stan-
dard additions.

8 "Expression of results

By 'reference “to ‘the calibration graph, determine, for each
metal, the concentrations corresponding to the absorbances of
the test,portion (7.4) and of the blank (7.2).

For each metal being determined, the concentration, expressed
in milligrams per litre, of the sample is given by the formula:

(0 — op) x —I—/-

where

0, is the metal concentration, in milligrams per litre, cor-
responding to the absorbance of the test portion;

0p is the metal concentration, in milligrams per litre, cor-
responding to the absorbance of the blank;

V' is the volume, in millilitres, of the acidified sample taken
for the analysis (see 7.1).

9 Test report
The test report shall contain the following information :

— a reference to this International Standard;
— a reference to the method used;

— complete identification of the sample;

— the results of the determinations;

— any details not specified in this International Standard
or which are optional, as well as any factor which may have
affected the resuits.
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Section two: Method B — Determination by flame atomic absorption
spectrometry after chelation (APDC) and extraction (MIBK)

10 Principle

Formation of a complex between the metals being determined
and ammonium 1-pyrrolidinedithiocarbamate (APDC) and ex-
traction at pH 2,5 with methyl-isobutylketone (MIBK).

Determination of the metals in this organic phase by flame
atomic absorption spectrometry.

11 Reagents

See clause 4.
11.1 Nitric acid, o = 1,4 g/ml.

11.2 Sodium hydroxide, c(NaOH) = 2,5 mol/I.

With care, dissolve 100 g of sodium hydroxide in water and
dilute to 1 litre.

11.3 Hydrochioric acid, ¢(HCl) = 0,3 mol/I.

With care, mix 25 ml of concentrated ‘hydrochloric acid
(0 = 1,19 g/ml) with water and dilute to 1 litre.

11.4 Methyl-isobutylketone (MIBK)."

11.5 Ammonium 1-pyrrolidinedithiocarbamate
(APDC)?, 20 g/I solution.

Dissolve 2,0 g of APDC in water. Make up the volume to
100 mi with water and mix. Filter the solution if a precipitate is
present. If the solution is coloured, purify it by repeated extrac-
tion with MIBK (11.4) until the solution is colourless.

Prepare this solution freshly for each batch of samples.

11.6 Bromophenol blue, indicator solution, 1g of
bromophenol blue per litre of 50 % (V/ V) ethanol solution.

11.7 Metals, standard solutions, corresponding to 1,000 g
of metal per litre. See 4.4.

12 Apparatus

See clause 5.

1) 4-Methyl-2-pentanone.

2)  Ammonium-pyrrolidinocarbodithioate.

13 Sampling and samples

See clause 6.

14 Procedure

14.1 Test portion

Place in a 100 ml one-mark volumetric flask a test portion of the
acidified sample (see clause 6) containing 5 to 20 ug of the
metal being determined (see table 2 for the upper limits cor-
responding to each element). Make up to the mark with water.

14.2 Chelation and extraction

Place the test portion (14.1) and 100 ml of each of the cali-
bration solutions (14.4) into a series of 250 ml separating
funnels fitted with polytetrafluoroethylene (PTFE) taps.

Add to each funnel 2 to 3 drops of bromophenol blue indicator
(11.6)'and,sodium_hydroxide (11.2) until a blue colour persists.

While, stirring, add dropwise hydrochloric acid (11.3) until the
blue colour just disappears. Then add 2 ml of hydrochloric acid
(11.3) in excess. The pH value shall then be 2,3 to 2,5. (See
note 1.)

Add’6(ml of APDC (11.5), mix then add 10,0 ml of MIBK (11.4).
Shake vigorously for 2 min. The pH shall be approxi-
mately 2,8.

Allow the mixture to settle for at least 1 h away from light or
heat in the stoppered funnel. The settling time shall be strictly
the same for all the solutions. Collect the organic layer taking
care to avoid any trace of the aqueous phase (centrifuge if
necessary). (See note 2.)

NOTES
1 A pH meter may be used in place of the indicator.

2 The settling period may be prolonged without disadvantage if it
takes place in the dark at a temperature of about 5 °C. In this case it
may not be necessary to centrifuge the organic phase.

14.3 Blank test

Carry out a blank test in parallel with the determination, by the
same procedure (14.2), using the same quantities of all the
reagents as in the sampling and chelation and extraction, but
replacing the test portion by water.
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14.4 Preparation of the sets of calibration
solutions

Dilute with water ! immediately before use, each of the stan-
dard solutions (4.4) corresponding to the elements to be deter-
mined, in order to obtain diluted solutions containing 10 mg of
element per litre.

In a 500 ml one-mark volumetric flask, place

— 5 ml of each of the zinc and cadmium solutions that
contain 10 mg/| of the respective metal ;

— 20 ml of each of the copper, cobalt, nickel and lead
solutions that contain 10 mg/| of the respective metal;

— 0,5 ml of nitric acid (11.1).

Make up to the mark with water. This is solution S. Prepare at
least four calibration solutions by diluting solution S with water
so as to cover the following ranges of concentrations:

Zn, Cd = 0 to 50 ug/I
Cu, Co, Ni, Pb = 0 to 200 pg/I

Acidify each calibration solution by adding the same nitric acid
(11.1) which has been added to preserve the samples (see 6.2).
The volume added shall be such that the concentrations of
nitric acid are the same in the sample and in the calibration
solutions.

14.5 Calibration and determination

Proceed as follows for each metal being determined. Before
carrying out the spectrometric measurements, set up the spec-
trometer according to the manufacturer's' ‘instructions by
aspirating the organic extract (14.2) of a calibration solution of
the metal being determined and using information in table 4.
Optimize the aspiration and flame conditions as before (7.4).
Adjust the response of the instrument to zero absorbance with
MIBK (11.4).

For each metal being determined, aspirate the set of .organic
extracts of the calibration solutions. Plot a graph having the
metal contents, in micrograms per litre, of the calibration
solutions as abscissae and the corresponding values of absorb-
ance as ordinates. It is advisable that the calibration graph be
checked, for example by measuring the absorbance of a
calibration solution every 5 samples.

Aspirate the organic extract of the test portion.

Measure the absorbance of the metal being determined and
after each measurement aspirate MIBK in order to rinse the
nebulizer system.

For correction of non-specific absorption see the note to 7.4.

NOTE — It is very important to protect the organic solutions from heat
and light because the complexes of cobalt, copper, zinc and especially
cadmium are unstable in MIBK. Cadmium must be measured im-
mediately. The other metals can be stored for a few hours.

15 Expression of results

15.1 Calculation
By reference to the calibration graph, determine, for each

metal, the concentrations corresponding to the absorbances of
the test portion and of the blank.

For each metal being determined, the concentration, expressed
in micrograms per litre, of the sample is given by the formula:

100
loy — op) x 7

where

©: is the metal concentration, in micrograms per litre, cor-
responding to the absorbance of the test portion;

©p is the metal concentration, in micrograms per litre, cor-
responding to the absorbance of the blank;

V' is the volume, in millilitres, of the acidified sample taken
for the analysis (see 14.1).

15.2 Precision

An‘international interlaboratory/trial was organized in 1981 in
order to compare the repeatability and reproducibility of the
twotmeéthods|with lextraction (methods B and C).

The composition of the two samples analysed was as given in
table 6.

Table 6
Sample L (low level) Sample H (high level)
(ug/1) (ug/1)
Lead 20 100
Cadmium 4 30
Copper 6 40
Cobalt 5 120
Nickel 10 100

The statistical analysis of results according to ISO 5725 is given
in table 7.
156.3 Interferences

Other substances when present at concentrations of less than
5 mg/| do not normally interfere.

16 Test report

See clause 9.

1) When determining metals in sea water or other waters containing a high concentration of sodium chloride, prepare the calibration solution and
the blank solution with a water of the same content of NaCl as the water being analysed.
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Table 7

Metal Lead Cadmium Copper Cobalt Nickel
Level L H L H L H L H L H
:-:‘;g‘r:f;r?:spa"icipaﬁ"g 14 14 14 14 14 14 14 14 14 14
Number of retained
laboratories after statistical 14 12 1 13 12 14 13 14 14 14
elimination
Mean (ug/l) 19,7 96 4 30,2 5,7 40,6 5,1 121,3 10,7 103,2
Repeatability
Standard deviation, o, 1,5 2,6 0,1 0,7 0,2 1,7 0,4 1,9 04 2,3
Coefficient of variation
of repeatability 7.6 % 2,7 % 25 % 23 % 35 % 4,2 % 7.8 % 1,6 % 37 % 22 %
Repeatability, r (= 2,83 g,) 4,24 7,36 0,28 1,98 0,57 48 1,13 5,38 1,13 6,51
Reproducibility
Standard deviation, oy 32 53 0,3 1.3 0,7 5,9 1,4 7,8 1.4 16,2
Coefficient of variation
of reproducibility 16,2 % 55 % 75 % 43% | 123% 145% | 275 % 63% | 13,1% 157 %
Reproducibility, R (= 2,830p) 9,05 15 0,85 3,68 1,98 16,7 3,96 21,51 3,96 45,85
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