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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, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15586 was prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee SC 2, Physical,
chemical and biochemical methods.

iv © ISO 2003 — Al rights reserved



INTERNATIONAL STANDARD ISO 15586:2003(E)

Water quality — Determination of trace elements using atomic
absorption spectrometry with graphite furnace

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This International Standard does not purport to address all of the safety problems, if any,
associated with its use. It is the responsibility of the user to establish appropriate safety and health
practices and to ensure compliance with any national regulatory conditions.

1 Scope

This International Standard includes principles and procedures for the determination of trace levels of: Ag, Al,
As, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Se, Tl, V, and Zn in surface water, ground water, drinking water,
wastewater and sediments, using atomic absorption spectrometry with electrothermal atomization in a
graphite furnace. The method is applicable to the determination of low concentrations of elements.

The detection limit of the method for each element depends on the sample matrix as well as of the instrument,
the type of atomizer and the use of chemical modifiers. For water samples with a simple matrix (i.e. low
concentration of dissolyed ¢solids, and'\particles), the method |detection limits will be close to instrument
detection limits. The minimum acceptable detection limit values for a 20-ul sample volume are given in Table 1.

2 Normative references

The following referenced’'documents™ are"indispensable for- the “application’-of this document. For dated
references, only the edition cited applies.’‘For“undated’references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods
ISO 5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes
ISO 5667-2, Water quality — Sampling — Part 2: Guidance on sampling techniques

ISO 5667-3, Water quality — Sampling — Part 3: Guidance on the preservation and handling of water
samples

ISO 5667-4, Water quality — Sampling — Part 4: Guidance on sampling from lakes, natural and man-made

ISO 5667-5, Water quality — Sampling — Part 5: Guidance on sampling of drinking water and water used for
food and beverage processing

ISO 5667-6, Water quality — Sampling — Part 6: Guidance on sampling of rivers and streams
ISO 5667-10, Water quality — Sampling — Part 10: Guidance on sampling of waste waters
ISO 5667-11, Water quality — Sampling — Part 11: Guidance on sampling of groundwaters

ISO 5667-15, Water quality — Sampling — Part 15: Guidance on preservation and handling of sludge and
sediment samples

ISO 15587-1, Water quality — Digestion for the determination of elements in water — Part 1: Aqua regia
digestion

© 1SO 2003 — Al rights reserved 1
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ISO 15587-2, Water quality — Digestion for the determination of elements in water — Part 2: Nitric acid
digestion

Table 1 — Approximate characteristic masses, instrument detection limits and optimum working
ranges for water samples using a 20 yl sample volume

Characteristic mass Detection limit ? Optimum working range °©
Element mg?
Pg Hg/! Mg/l

Ag 1,5 0,2 1to 10

Al 10 1 6 to 60

As 15 1 10 to 100

Cd 0,7 0,1 0,4t04

Co 10 1 6 to 60

Cr 3 0,5 2t0 20

Cu 5d 0,5 3 to 30

Fe 5 1 31030

Mn 2,5 0,5 1,5t015

Mo 10 1 6 to 60

Ni 13 1 7t070

Pb 15 1 10 to 100

Sb 20 1 10 to 100

Se 25 2 15 to 150

Tl 10 ¢ 1 6 to 60

\Y 35 2 20 to 200

Zn 0,8 0,5 0,5t05
@  The characteristic mass (mg) of an element is the mass in picograms, corresponding to a signal of 0,004 4 s, using the integrated
absorbance (peak area) for evaluation.
b The detection limits are calculated as three times (3 x) the standard deviation of repeated measurements of a blank solution.
¢ The optimum working range is defined as the concentration range that corresponds to integrated absorbance readings between
0,05sand0,5s.
d  |f Zeeman effect background correction is used, the my-value will be higher.

3 Principle

Water samples are preserved by acid treatment, filtered and preserved by addition of acid, or digested.
Sediment samples are digested. A small sub-sample of sample solution is injected into a graphite furnace of
an atomic absorption spectrometer. The furnace is electrically heated. By increasing the temperature stepwise,
the sample is dried, pyrolized and atomized. Atomic absorption spectrometry is based on the ability of free
atoms to absorb light. A light source emits light specific for a certain element (or elements). When the light
beam passes through the atom cloud in the heated graphite furnace, the light is selectively absorbed by atoms
of the chosen element(s). The decrease in light intensity is measured with a detector at a specific wavelength.
The concentration of an element in a sample is determined by comparing the absorbance of the sample with
the absorbance of calibration solutions. If necessary, interferences may be overcome by adding a matrix
modifier to the samples before analysis, or by performing the calibration with the standard addition technique.

The results are given as the mass of analyte (micrograms, ug, or milligrams, mg) per litre of water, or per
kilogram of dried material in sediments.

2 © ISO 2003 — Al rights reserved
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4 Interferences

Some sample solutions, especially wastewaters and digestions of sediments, may contain large amounts of
substances that may affect the results. High concentrations of chloride may cause low results, because the
volatility of many elements is increased and analyte loss may occur during the pyrolysis step. Matrix effects
may be overcome, partially or completely, by optimization of the temperature programme, the use of

pyrolytically-coated tubes and platforms, the use of chemical modifiers, the standard addition technique and
the use of background correction.

5 Reagents

For pre-treatment of samples and preparation of solutions, use only chemicals and solutions of highest
possible purity unless stated otherwise.

5.1 Water, Grade 1 as specified in ISO 3696:1987 (< 0,01 mS/m), or better.

Use this water to prepare all solutions. Check the quality of the water before use.
5.2  Nitric acid, concentrated, ¢(HNO3) = 14,4 mol/l, p~ 1,4 kg/l (65 %).

If the concentrated nitric acid contains significant amounts of analyte elements, purify it by sub-boiling
distillation in a quartz apparatus. The distillation should be performed under a fume cupboard.

Nitric acid is available both aslp =1,40/kg/l'(65'%) and as p=/1,42 kg/l\(69 %). Both are suitable for use in this
method provided there is minimal content of analytes.

5.3 Nitric acid, ¢c(HNO3) = 7 mol/l.

Add one volume of concentrated nitriczacid: (5:2) to-onesvolume ofowater (5:1) While stirring.

5.4  Nitric acid, ¢(HNO3) ~ 1 mol/l.

To about 500 ml of water (5.1), add 70 ml of concentrated nitric acid (5.2) and dilute with water (5.1) to
1 000 ml.

5.5 Nitric acid, ¢(HNO3) ~ 0,1 mol/l.
To about 500 ml of water (5.1), add 7 ml of concentrated nitric acid (5.2) and dilute with water (5.1) to 1 000 ml.
5.6 Hydrochloric acid, concentrated, ¢(HCI) = 12,1 mol/l, p~ 1,19 kg/l (37 %).

If the concentrated hydrochloric acid contains significant amounts of analyte elements, purify e.g. by
sub-boiling distillation in a quartz apparatus. The distillation should be performed under a fume cupboard.

5.7 Hydrochloric acid, ¢(HCI) = 6 mol/l.
Add one volume of concentrated hydrochloric acid (5.6) to one volume of water (5.1) while stirring.
5.8 Hydrochloric acid, ¢(HCI) = 1 mol/l.

To about 500 ml of water (5.1), add 83 ml of concentrated hydrochloric acid (5.6) and dilute with water (5.1) to
1 000 ml.

5.9 Standard stock solutions, p =1 000 mg/l.

Stock solutions may be purchased from a commercial source.

© 1SO 2003 — Al rights reserved 3
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Procedures for preparation of stock solutions from metals or metal salts are described in Annex A. Stock
solutions are stable for about one year or in accordance with the manufacturer's recommendations.

5.10 Standard solution, o =10 mg/l.

Using a pipette, transfer 1 000 uyl of the stock solution (5.9) to a 100 ml volumetric flask, add 0,5 ml of
concentrated nitric acid (5.2), and dilute to volume with water (5.1).

This solution may be stored for 6 months.
5.11 Standard solution, p =1 mg/l.

Using a pipette, transfer 100 pl of the stock solution (5.9) to a 100 ml volumetric flask, add 0,5 ml of
concentrated nitric acid (5.2), and dilute to volume with water (5.1).

This solution may be stored for six months.
5.12 Standard solution, o =100 ug/l.

Using a pipette, transfer 1 000 pl of the standard solution 10 mg/l (5.10) to a 100 ml volumetric flask, add
0,5 ml of concentrated nitric acid (5.2), and dilute to volume with water (5.1).

This solution may be stored for one month.

5.13 Calibration solutions

Prepare calibration solutions from the standard solutions (5:10 to 5.12).

The following procedure can be used as an example:

To prepare a series of calibration:solutions:containing2-ug/l;t40ug/;)6-pg/l;-8pglcand 10 ug/l of analyte,
pipette, 200 pl, 400 pl, 600 pl, 800 ul and 1 000/gl/respectively of the standard solution 1 mg/l (5.11) to 100 ml
volumetric flasks. Add the same amount of acid to the calibration solutions as that of the samples. Cool if

necessary and dilute to volume with water (5.1).

Calibration solutions below 1 mg/l should not be used for more than one month, and those below 100 pg/l
should not be used for more than one day.

5.14 Blank calibration solution

Prepare a blank calibration solution in the same way as the calibration solutions, but add no standard solution.
Use a 100 ml volumetric flask. Add the same amount of acid to the calibration solutions as that of the samples.
Cool if necessary and dilute to volume with water (5.1).

5.15 Palladium nitrate/magnesium nitrate modifier

Pd(NOs), solution is commercially available (10 g/l). Dissolve 0,259 g of Mg(NO3),-6H,0 in 100 ml of water
(5.1). Mix the palladium nitrate solution with twice as much magnesium nitrate solution. 10 pl of the mixed
solution is equal to 15 pg Pd and 10 ug Mg(NO3),. The mixture is also commercially available.

Prepare a fresh solution monthly.

5.16 Magnesium nitrate modifier

Dissolve 0,865 g of Mg(NO3),-6H,0 in 100 ml of water (5.1). 10 pl of this solution is equal to 50 pg Mg(NOs),.

5.17 Ammonium dihydrogen phosphate modifier

Dissolve 2,0 g of NH4,H,PO, in 100 ml of water (5.1). 10 pl of this solution is equal to 200 ug NH,H,PO,.

4 © ISO 2003 — Al rights reserved
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5.18 Ammonium dihydrogen phosphate/magnesium nitrate modifier

Dissolve 2,0 g of NH4;H,PO, and 0,173 g of Mg(NO3),-6H,0 in 100 ml of water (5.1). 10 pl of this solution is
equal to 200 ug NH4H,PO,4 and 10 ug Mg(NOs),.

5.19 Nickel modifier

Dissolve 0,200 g of nickel powder in 1 ml concentrated nitric acid (5.2) and dilute to 100 ml with water (5.1).
10 pl of this solution is equal to 20 ug Ni. Solutions of Ni(NO3), are also commercially available.

5.20 Purge and protective gas, argon (Ar) (> 99,99 %).

6 Apparatus

The following general cleaning procedure is the absolute minimum required for glass and plastics if nothing
else is stated.

a) Prior to use, soak the equipment for at least one day in nitric acid, ¢ ~ 1 mol/l (5.4), or hydrochloric acid,
¢~ 1 mol/l (5.8).

b) Rinse with water (5.1) at least three times.

Remove parts of equipment made from polyamide (e.g. screws and nuts in sampling equipment) prior to
soaking the equipment in acid.

Take the necessary precautions (in; such) a way¢thatyeéquipment,) once being used for samples with high
concentration of metals, will not be used for trace element samples’in the future.

6.1 Sample containers for water, consisting of bottles made of polypropylene, polyethylene or fluorinated
ethylene propylene (FEP).

The material in bottles and caps should not contain or leach any analyte, and preferably be made of
colourless material.

For determinations at ultra trace levels (< 0,1 pg/l) it is necessary to follow a very strict cleaning procedure, as
described below.

a) Rinse new bottles with acetone to remove possible fatty remainders. Alternatively, a suitable detergent
may be used.

b) Rinse with water (5.1).

c) Soak in hydrochloric acid, ¢ = 6 mol/l (5.7), for one week, or at 45 °C to 50 °C for 24 h.

d) Rinse with water (5.1).

e) Soak in nitric acid, ¢ = 7 mol/l (5.3), for one week, or at 45 °C to 50 °C for 24 h.

f)  Rinse with water (5.1), and transfer to clean laboratory.

g) Soak in nitric acid ¢ ~ 0,1 mol/l (5.5) for one week, to condition the bottles to the matrix in use.
h) Rinse with water (5.1) several times.

i)  Dry under filtered air (clean bench), if drying is necessary.

j)  Store the cleaned bottles in closed plastics bags.

© 1SO 2003 — Al rights reserved 5
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If it is shown not necessary to use both steps c) and e), one of the acids may be excluded. In this case,
hydrochloric acid is shown to be more effective for polyethylene and polypropylene, while nitric acid preferably
should be used for FEP and glassware.

6.2 Sample containers for sediments, consisting of wide-necked containers of plastics or glass.

For cleaning of the containers, it may not be necessary to use acids. Washing with detergents and rinsing in
deionized water (5.1) may be sufficient.

6.3 Filtering equipment, made of glass or plastics material without metal parts, cleaned as stated in the
general cleaning procedure under Clause 6 heading.

6.4 Filters, either membrane filters or capillary filters, with a nominal pore width of 0,45 um and 0,4 ym
respectively.

The material should not release or absorb analytes. Clean filters in nitric acid, ¢ ~ 0,1 mol/l (5.5), and rinse
several times with water (5.1).

6.5 Agate mortar, for crushing sediments into a fine powder.

6.6 Pipettes, of capacity varying from 100 ul to 1 000 pl.

Pipette tips preferably should be made of colourless plastics, which do not contain or leach any analyte to the
solutions. It is important to check that the pipette tips do not contaminate samples. Always rinse the pipette

tips with the solution to be used immediately before use.

Depending on the concentration levels to be determined, new, and reused pipette tips may be cleaned with
dilute acid. For example, clean with nitric acid, ¢'= 1‘mol/l (5.4), 'and rinse with water (5.1).

6.7 Atomic absorption spectrometer equipped with;graphite furnace, equipped with a background
correction system and the necessary, hollow.cathode lamps.

Alternatively, electrode-less discharge lamps may be used.

It is necessary to place an exhaust venting system over the furnace to remove any smoke and vapours that
might be harmful.

6.8 Autosampler, may be used to improve the precision of the determination.

Depending on the concentration levels to be determined, new autosampler cups may be cleaned with dilute
acid. Reused caps should always be washed with acid. For example, clean the vessels with nitric acid,
c~ 1 mol/l (5.4), and rinse with water (5.1). If they will be used for ultra trace determination (< 0,1 ug/l), an
extra cleaning step before use may be necessary by filling them with acid of the same kind and concentration
as in the samples that are to be analysed. Allow to stand for at least 2 h. Rinse several times with water (5.1).

6.9 Graphite tubes, pyrolytically-coated with platforms, preferably for highly and medium volatile elements,
whereas elements of low volatility should be atomized from the wall.

Provided satisfactory results are achieved, manufacturer's recommendations regarding the use of graphite
tubes and platforms should be followed.

7 Sampling and pre-treatment

7.1 Sampling

Sampling shall be carried out in accordance with ISO 5667-1, 1SO 5667-2, SO 5667-3, ISO 5667-4,
ISO 5667-5, ISO 5667-6, ISO 5667-10, ISO 5667-11 and ISO 5667-15.
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The sampling equipment for water samples should be constructed in such a way that the sample does not
come in contact with parts made of metal. It should be made of plastics not releasing analytes into the sample,
and be suitable for cleaning in dilute hydrochloric acid.

7.2 Pre-treatment of water samples

7.21 General

Pre-treatment and analysis of samples with especially low element concentrations should be carried out under
“clean laboratory” conditions. The “clean laboratory” technique requires that the laboratory be supplied with
filtered air, and that the samples be continuously protected from contamination originating from various
sources. In some cases, “clean benches” with filtered laminar airflow under a weak over-pressure, may be
used as a suitable alternative.

Trace elements in water samples are analysed in one or more of the following fractions.

a) Preserved by addition of acid (non-filtered). Preserve the sample by addition of nitric acid. Particles
should be allowed to sediment before analysis.

b) Filtered (dissolved). Filter the sample through a membrane or capillary filter and preserve the filtrate by
addition of nitric acid.

c) Digested in acid. Digest the preserved sample with nitric acid or aqua regia.

Store preserved water samples, inicopl eonditionsiintaccoerdance with 1SO,5667-3 until analysis (1 °C to 5 °C).

7.2.2 Filtration

Filtration of samples is necessary if the dissolved forms of trace elements are analysed. Filter the sample
immediately after sampling and before preservation. Avoid equipment where the sample may come in contact
with metal parts. To reduce the risk of contamination, pressure filtration is preferable to vacuum filtration.

Prepare at least one blank test solution by filtration (and preservation) of water (5.1) in the same way as the
test samples.

7.2.3 Preservation

Preserve water samples in accordance with 1ISO 5667-3. To obtain a pH < 2 in the samples, add 0,5 ml of
concentrated nitric acid (5.2) per 100 ml of sample. For the preservation of water samples with high alkalinity,
it may be necessary to add more acid. It is important that sufficient acid is added to the sample to avoid loss of
elements through adsorption effects. Report the amount of acid added.

Preferably preserve the samples in the laboratory in a clean atmosphere to avoid contamination risks. For the
reagent blank solution, preserve water (5.1) in the same way as the test samples.

7.2.4 Digestion of water samples

Methods for digestion of water with aqua regia and nitric acid are specified in ISO 15587-1 and ISO 15587-2,
respectively. Since chloride may cause severe interference in the graphite furnace technique, digestion with
nitric acid is recommended. For some elements (e.g. Sb in this International Standard) nitric acid is not
suitable and aqua regia should be used.

Prepare at least one blank test solution by digesting water (5.1) in the same way as the test samples.

Before analysis of the digests, make up to volume with water (5.1).
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