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NATIONAL FOREWORD

The adoption of the ISO Standard as a Malaysian Standard was recommended by the
Working Group Committee on Sampling (Water Quality) under the authority of the Industry
Standards Committee on Chemical and Materials.

This Malaysian Standard is identical with ISO 5667-3:2012, Water quality — Sampling — Part

3: Preservation and handling of water samples, published by the International Organization
for Standardization (ISO). However, for the purposes of this Malaysian Standard, the following

apply:
a) in the source text, "this International Standard" should read "this Malaysian Standard";
b) the comma which is used as a decimal sign (if any), to read as a point; and

)] reference to International Standards should be replaced by corresponding Malaysian
Standards as follows:

Referenced International Standards Corresponding Malaysian Standards

ISO 3696, Water for analytical laboratory use MS 1SO 3696:2007, Water for analytical
— Specification and test methods laboratory use — Specification and test
methods (ISO 3696:1987, IDT)

ISO 5667 (all part), Water quality —Sampling  MS ISO 5667 (all part), Water quality —
Sampling

This Malaysian Standard cancels and replaces MS 1850: PART 3:2005.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure,
and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International
Standard or is identical in technical content and structure although it may contain the minimal editorial changes
specified in clause 4.2 of ISO/IEC Guide 21-1.
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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 5667-3 was prepared by Technical Committee ISO/TC 147, Water quality, Subcommittee SC 6,
Sampling (general methods).

This fourth edition cancels and replaces the third edition (ISO 5667-3:2003), which has been
technically revised.

ISO 5667 consists of the following parts, under the general title Water quality — Sampling:
— Part 1: Guidance on the design of sampling programmes and sampling techniques

— Part 3: Preservation and handling of water samples

— Part 4: Guidance on sampling from lakes, natural and man-made

— Part 5: Guidance on sampling of drinking water from treatment works and piped distribution systems
— Part 6: Guidance on sampling of rivers and streams

— Part 7: Guidance on sampling of water and steam in boiler plants

— Part 8: Guidance on the sampling of wet deposition

— Part 9: Guidance on sampling from marine waters

— Part 10: Guidance on sampling of waste waters

— Part 11: Guidance on sampling of groundwaters

— Part 12: Guidance on sampling of bottom sediments

— Part 13: Guidance on sampling of sludges

— Part 14: Guidance on quality assurance of environmental water-sampling and handling
— Part 15: Guidance on the preservation and handling of sludge and sediment samples

— Part 16: Guidance on biotesting of samples

— Part 17: Guidance on sampling of bulk suspended solids

— Part 19: Guidance on sampling of marine sediments

iv © IS0 2012 - All rights reserved
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— Part 20: Guidance on the use of sampling data for decision making — Compliance with thresholds and
classification systems

— Part 21: Guidance on sampling of drinking water distributed by tankers or means other than
distribution pipes

— Part 22: Guidance on the design and installation of groundwater monitoring points

— Part 23: Guidance on passive sampling in surface waters

© ISO 2012 - All rightsreserved \%
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Introduction

This part of ISO 5667 is intended to be used in conjunction with ISO 5667-1, which deals with the design
of sampling programmes and sampling techniques.

Where possible this part of ISO 5667 has been brought into line with current standards. Where new
research or validation results have provided new insights, the latest knowledge has been used.

Guidance on validation protocols can be found in ISO Guide 34.[63]

vi © IS0 2012 - All rights reserved
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Water quality — Sampling —

Part 3:
Preservation and handling of water samples
NOTICE — This part of ISO 5667 and the analytical International Standards listed in Annex A

are complementary. Where no analytical International Standard is applicable, the technique(s)
described in Tables A.1 to A.3 take(s) normative status.

When new or revised analytical standards are developed with storage times or preservative
techniques differing from those in Tables A.1 to A.3, then the storage times or preservative
techniques should be validated and presented to ISO/TC 147/SC 6 /WG 3 for incorporation into
the next revision of this part of ISO 5667.

1 Scope

This part of ISO 5667 establishes general requirements for sampling, preservation, handling, transport
and storage of all water samples including those for biological analyses. It is not applicable to water
samples intended for microbiological analyses as specified in ISO 19458, ecotoxicological assays,
biological assays, and passive sampling as specified in the scope of [ISO 5667-23.

This part of ISO 5667 is particularly appropriate when spot or composite samples cannot be analysed on
site and have to be transported to a laboratory for analysis.

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, Water for analytical laboratory use — Specification and test methods
[SO 5667 (all parts), Water quality — Sampling
[SO 19458, Water quality — Sampling for microbiological analysis

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

integrity

property that the parameter(s) of interest, information or content of the sample container has not been
altered or lost in an unauthorized manner or subject to loss of representativeness

3.2

sample preservation

any procedure used to stabilize a sample in such a way that the properties under examination are
maintained stable from the collection step until preparation for analysis

[1SO 11074:2005,29] 4.4.20]

NOTE Different analytes may require several samples from the same source that are stabilized by
different procedures.

© IS0 2012 - All rights reserved 1
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3.3

sample storage

process, and the result, of keeping a sample available under predefined conditions for a (usually)
specified time interval between collection and further treatment of a sample

NOTE1 Adapted from ISO 11074:2005,[29] 4.4.22.
NOTE 2  Specified time is the maximum time interval.

3.4

storage time

period of time between filling of the sample container and further treatment of the sample in the
laboratory, if stored under predefined conditions

NOTE 1 Sampling finishes as soon as the sample container has been filled with the sample. Storage time ends
when the sample is taken by the analyst to start sample preparation prior to analysis.

NOTE 2  Further treatment is, for most analytes, a solvent extraction or acid destruction. The initial steps
of sample preparation can be steps complementary to the storage conditions for the maintenance of analyte
concentrations.

4 Sampling and chain of custody

If there is a need to take samples, this is done according to a sampling programme. The first step is to
design a sampling programme. Guidance on this topic is given in ISO 5667-1.

Depending on the sample type and matrix, the guidelines found in the relevant part(s) of ISO 5667 and
ISO 19458 shall be consulted.

The process of preservation and handling of water samples consists of several steps. During this
process, the responsibility for the samples might change. To ensure the integrity of the samples, all steps
involving the sample shall be documented.

All preparation procedures shall be checked to ensure positive or negative interferences do not occur.
As a minimum, this shall include the analysis of blanks (e.g. field blank or sample container) or samples
containing known levels of relevant analytes as specified in ISO 5667-14.

5 Reagents and materials

WARNING — Certain preservatives (e.g. acids, alkalis, formaldehyde) need to be used with
caution. Sampling personnel should be warned of potential dangers, and appropriate safety
procedures should be followed.

The following reagents are used for the sample preservation and shall only be prepared according to
individual sampling requirements. All reagents used shall be of at least analytical reagent grade and
water shall be of at least ISO 3696, grade 2. Acids referred to in this part of ISO 5667 are commercially
available “concentrated” acids.

All reagents shall be labelled with a “shelf-life”. The shelf-life represents the period for which the reagent
is suitable for use, if stored correctly. This shelf-life shall not be exceeded. Any reagents that are not
completely used by the expiry of the shelf-life date shall be discarded.

NOTE Often the shelf-life of reagents is supplied by the receiving laboratory.
Check reagents periodically, e.g. by field blanks, and discard any reagent found to be unsuitable.

Between on-site visits, reagents shall be stored separately from sample containers and other equipment
in a clean, secure cabinet in order to prevent contamination.

Each sample shall be labelled accordingly, after the addition of the preservative. Otherwise, there could
be no visible indication as to which samples have been preserved, and which have not.

2 © IS0 2012 - All rights reserved



ISO 5667-3:2012(E)

5.1 Solids

5.1.1 Sodium thiosulfate pentahydrate, Na2S203-5H20, w(Na25203:5H20) > 99 %.
5.1.2 Ascorbic acid, CéHgOgs, w(CsHgOs) > 99 %.

5.1.3 Sodium hydroxide, NaOH, w(NaOH) > 99 %.

5.1.4 Sodium tetraborate decahydrate, Na2B407:10H20, w(Na2B407:10H20), > 99 %.

CAUTION Sodium tetraborate decahydrate is known to be a carcinogen, mutagen and
reproductive toxin (CMR).

5.1.5 Hexamethylenetetramine (hexamine, urotropine), CsH12N4, w(CsH12N4) > 99 %.
5.1.6 Potassium iodide, KI, w(KI) > 99 %.

5.1.7 lodine, I2, w(I2) > 99 %.

5.1.8 Sodium acetate, C2H3NaO2, w(C2H3NaO2) > 99 %.

5.1.9 Ethylenediamine, C2HgN2, w(C2HgN2) > 99 %.

5.2 Solutions

5.2.1 Zinc acetate solution C4He04Zn (10 g/1).

Dissolve 10,0 g of zinc acetate in ~100 ml of water . Dilute to 100 ml with water. Store the solution in a
polypropylene or glass bottle for a maximum period of 1 a.

5.2.2 Orthophosphoric acid (p = 1,7 g/ml), H3PO4, w(H3P04) > 85 %, c(H3P0O4) = 15 mol/l.
5.2.3 Hydrochloricacid (p 1,2 g/ml), HC], w(HCl) > 36 %, c(HCI) = 12,0 mol/1.
5.2.4 Nitricacid (p = 1,42 g/ml), HNO3, w(HNO3) > 65 %, c(HNO3) = 15,8 mol/I.

5.2.5 Sulfuric acid (p = 1,84 g/ml), H2SO4 (freshly prepared).

Dilute concentrated sulfuric acid (H2504), p = 1,84 g/ml, w(H2S04) = 98 % 1 + 1 by carefully adding the
concentrated acid to an equal volume of water and mix.

WARNING — Adding the concentrated acid to the water can give violent reactions because of an
exothermic reaction.

5.2.6 Sodium hydroxide solution (p = 0,40 g/ml), NaOH.

5.2.7 Formaldehyde solution (formalin), CH20, ¢(CH20) = 37 % to 40 % (freshly prepared),

WARNING — Beware of formaldehyde vapours. Do not store large numbers of samples in
small work areas.

© IS0 2012 - All rights reserved 3
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5.2.8 Disodium salt of ethylenediaminetetraacetic acid (EDTA) (p = 0,025 g/ml),
C10H14N2Na208-2H20, w(C10H14N2Na20g:2H20) > 99 %.

Dissolve 25 g EDTA in 1 000 ml of water.
5.2.9 Ethanol C2H50H, ¢(C2H50H) = 96 %.

5.2.10 Alkaline Lugol’s solution, 100 g potassium iodide (5.1.6), 50 g iodine (5.1.7), and 250 g sodium
acetate (5.1.8) in 1 000 ml water to pH 10.

5.2.11 Acidic Lugol’s solution, 100 g potassium iodide (5.1.6), 50 g iodine (5.1.7) and 100 ml glacial
acetic acid (5.2.17) in 1 000 ml water to pH 2.

5.2.12 Neutralized formaldehyde solution, formaldehyde solution (5.2.7) neutralized with sodium
tetraborate (5.1.4) or hexamethylenetetramine (5.1.5). Formalin solution at 100 g/I gives a final solution
of ¢(CH20) = 3,7 % to 4,0 %.

WARNING — Beware of formaldehyde vapours. Do not store large numbers of samples in
small work areas.

5.2.13 Ethanol preservative solution.

Ethanol (5.2.9), formaldehyde solution (5.2.7) and glycerol (5.2.18) (100 + 2 + 1 parts by volume,
respectively).

5.2.14 Sodium hypochlorite NaOCl, w(NaOCl) = 10 %. Dissolve 100 g sodium hypochlorite (NaOCl) in
1 000 ml of water.

5.2.15 Potassiumiodate KIO3, w(KIO3) =10 %. Dissolve 100 g potassium iodate (KIO3) in 1 000 ml of water.
5.2.16 Methanoic acid (formic acid) CH202, ¢(CH202) > 98 %.

5.2.17 Glacial acetic acid C2H402, w(C2H402) > 99 %.

5.2.18 Glycerol (glycerin, glycerine) C3Hs(OH)3.

5.3 Materials

5.3.1 Container and cap, types as specified in Tables A.1 to A.3.

5.3.2 Filter, pore size 0,40 pm to 0,45 um, unless a different filter size is specified in the analytical
International Standard.

6 Containers

6.1 Container selection and preparation

The choice of sample container (5.3.1) is of major importance and ISO 5667-1 provides some guidance
on this subject.

Details of the type of container used for the collection and storage of samples are given in Tables A.1 to
A.3. The same considerations given to this selection of suitable container material shall also be given to
the selection of cap liner materials.

4 © IS0 2012 - All rights reserved
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Sample containers shall be made of a material appropriate for preserving the natural properties of both
the sample and the expected range of contaminants. Suitable types of containers for each analyte to be
measured are given in Tables A.1 to A.3.

NOTE For very low concentrations of metals, containers prescribed can be different from those used for
higher concentrations. Details can be found in Table A.1 or in the analytical International Standards.

If the samples are to be frozen, suitable containers, such as polyethylene (PE) or polytetrafluoroethylene
(PTFE), shall be used to prevent breakage.

The use of disposables is preferred. Some manufacturers supply containers with a certificate of
cleanliness. If such a certificate of cleanliness is supplied, it is not necessary to clean or rinse the
containers before use.

6.2 Filtration on site
Filtration on site is required in some cases.
— Groundwaters shall be filtered on site if dissolved metals need to be analysed.

— Waters shall be filtered (5.3.2) on site, if this is required according to Annex A. Unless specified
otherwise, a filter pore size 0,40 um to 0,45 pm shall be used.

Ifimmediate filtration on site is impossible, then the reason and the time between sampling and filtration
shall be added to the test report.

6.3 Filling the container

The container (5.3.1) shall be filled completely unless prescribed differently in Tables A.1 to A.3 or the
analytical International Standard used. If the samples are to be frozen as part of their preservation,
sample containers shall not be completely filled. This is in order to prevent breakage which may arise
from expansion of ice during the freezing and thawing process.

If no preservatives are present in the bottle, then prerinsing the bottle may be advisable. Guidance on
prerinsing can be found in ISO 5667-14.

7 Sample handling and preservation

7.1 Sample handling and preservation for physical and chemical examination

Waters, particularly fresh waters, waste waters and groundwaters, are susceptible to changes as a result
of physical, chemical or biological reactions which may take place between the time of sampling and the
commencement of analysis. The nature and rate of these reactions are often such that, if precautions are
not taken during sampling, transport and storage (for specific analytes), the concentrations determined
are different to those existing at the time of sampling.

The extent of these changes is dependent on the chemical and biological nature of the sample, its
temperature, its exposure to light, the type of the container in which it is placed, the time between
sampling and analysis, and the conditions to which it is subjected, e.g. agitation during transport.
Further specific causes of variation are listed in a) to f).

a) The presence of bacteria, algae and other organisms can consume certain constituents of the samples.
These organisms can also modify the nature of the constituents to produce new constituents. This
biological activity affects, for example, the concentrations of dissolved oxygen, carbon dioxide,
compounds of nitrogen, phosphorus and, sometimes, silicon.

b) Certain compounds can be oxidized either by dissolved oxygen present in the samples, or by
atmospheric oxygen [e.g. organic compounds, Fe(Il) and sulfides].

© IS0 2012 - All rights reserved 5
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c) Certain substances can precipitate out of solution, e.g. calcium carbonate, metals, and metallic
compounds such as Al(OH)3, or can be lost to the vapour phase (e.g. oxygen, cyanides, and mercury).

d) Absorption of carbon dioxide from air can modify pH, conductivity, and the concentration of
dissolved carbon dioxide. Passage of compounds like ammonia and silicon fluoride through some
types of plastics may also affect pH or conductivity.

e) Dissolved metals or metals in a colloidal state, as well as certain organic compounds, can be
irreversibly adsorbed on to the surface of the containers or solid materials in the samples.

f)  Polymerized products can depolymerize, and conversely, simple compounds can polymerize.

Changes to particular constituents vary both in degree and rate, not only as a function of the type of
water, but also, for the same water type, as a function of seasonal conditions.

These changes are often sufficiently rapid to modify the sample considerably in a short time. In all cases,
it is essential to take precautions to minimize these reactions and, in the case of many analytes, to
analyse the sample with a minimum of delay. If the required precaution for changes is filtration on site,
then a filter (5.3.2) shall be used.

Details of the sample preservation are given in Table A.1.

7.2 Sample handling and preservation for biological examination

The handling of samples for biological examination is different from that for samples requiring chemical
analysis. The addition of chemicals to the sample for biological examination can be used for either fixation
and/or preservation of the sample. The term “fixation” is defined as the protection of morphological
structures, while the term “preservation” is defined as the protection of organic matter from biochemical
or chemical degradation. Preservatives, by definition, are toxic, and the addition of preservatives may
lead to the death of living organisms. Prior to death, irritation may cause the most delicate organisms,
which do not have strong cell walls, to collapse before fixation is complete. To minimize this effect, it is
important that the fixation agent enter the cell quickly.

IMPORTANT Acidic Lugol’s solutions (5.2.11) can lead to the loss of structures in organisms or also
lead to the loss of small organisms (e.g. some flagellates); in this case, use an alkaline Lugol’s solution
(5.2.10), e.g. during the summer, when the appearance of silico-flagellates is frequently observed.

The fixing and/or preservation of samples for biological examination shall meet the following criteria:
a) theeffectofthe fixative, and/or preservative, on the loss of the organism shall be known beforehand;

b) the fixative or preservative shall effectively prevent the biological degradation of organic matter at
least during the storage period of the samples;

c) the fixative, and/or preservative, shall enable the biological analyte (e.g. organisms or taxonomical
groups) to be assessed during the storage period of the samples.

Details of the preservation of samples are given in Table A.2.

7.3 Sample handling and preservation for radiochemical analysis

WARNING — Radioprotection such as shielding may be necessary, depending on the activity
of the sample.

There is little difference between the handling of samples for radiochemical analysis and the handling
of samples for physicochemical analysis.

6 © IS0 2012 - All rights reserved
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The delay between sampling and measurement has to be consistent with the radioactive half-life of
the radionuclides of interest. The conditions to be taken for adequate storage are independent of the
radioactive half-life, but identical to those required for the corresponding stable isotope.

NOTE Cooling radiological samples is primarily used to prevent algal growth and biological spoilage. It is

not a necessary preservation step for radiochemical analyses. These samples are often combined with those for
physical, chemical or biological analysis.

8 Sample transport

Cooling or freezing procedures shall be applied to samples to increase the time period available for
transport and storage and if required by Tables A.1 to A.3. When transport takes place, the sampling
plan (e.g. ISO 5667-1) shall consider:

— the time between sampling and start of transport;

— transport time;

— starting time of analysis in the laboratory.

This sum of these three periods is limited to the maximum storage times according to Tables A.1 to A.3.

If the maximum storage time cannot be met, then the sampling plan shall be reformulated to allow these
requirements to be accommodated.

A cooling temperature of the device during transport of (5 * 3) °C has been found suitable for many
applications. Cooling and freezing procedures applied shall be in line with instructions from the
analytical laboratory. Freezing especially requires detailed control of the freezing and thawing process
in order to return the sample to its initial equilibrium after thawing.

Containers holding samples shall be protected and sealed during transport in such a way that the samples
do not deteriorate or lose any part of their content. Container packaging shall protect the containers
from possible external contamination, particularly near the opening, and should not itself be a source
of contamination.

Glass containers shall be protected from potential breakage during transport by appropriate packaging.
Samples shall be transported as soon as possible after sampling and with cooling if necessary according
to Tables A.1 to A.3.

Laboratory samples for dispatch or transport by third parties and preserved laboratory samples should
be sealed in such manner that the integrity of the sample can be maintained.

Samples required for (potential) regulatory investigations should be sealed to a level that meets the
requirements of the authorities or other organization(s) concerned with the transport of the sample.

During transportation samples shall be stored in a cooling device capable of maintaining a temperature
of (5 = 3) °C. For proper evaluation of the conditions during transport a device capable of recording the
(maximum) temperature of the air surrounding the sample may be used.

NOTE Devices capable of logging of the air temperature during the transportation are available, but their useand
adequate calibration can be costly.
9 Identification of samples

Container labels should withstand wetting, drying and freezing without detaching or becoming illegible.
The labelling system shall be waterproof to allow use on site.

The exact information given in the sampling report and on the sample labels depends on the objectives of the
particular measurement programme. In all cases, an indelible label shall be secured to the sample container.

For each sample, at least the following information shall be available.
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A unique identifier, traceable to

— date, time and location of sampling;

— sample number;

— description of sample;

— name of sampling personnel;

— details of sample preservation, or fixation used;

— details of sample storage used;

— any information regarding integrity and manipulation of the sample;
— any other information, as necessary.

A unique identifier, traceable to sample date, location, and sample number shall appear on the label of
the sample container.

All other information is supplementary and should be detailed in the sample report.

10 Sample reception
All information regarding sample, handling and storage shall be included in a sampling report.
Laboratorystaffshallreceiveandcheckinformationonsamplepreservationandsampletransportconditions.

In all cases, and especially when a “chain of custody” process needs to be established, the number of sample
containers received in the laboratory shall be verified against the number of sample containers submitted.

11 Sample storage

The storage duration of the water samples within the laboratory is specific to the analyte(s) to be
analysed. Samples shall be stored no longer than the maximum storage period given in Tables A.1 to A.3.
The maximum storage time includes the time of transport to the laboratory (3.4).

The refrigeration conditions within the laboratory shall be (3 # 2) °C. Where samples are frozen for
preservation, unless otherwise specified, the temperature shall be maintained below -18 °C. Exceptions
to these refrigeration conditions are listed in Tables A.1 to A.3.

When thawing frozen samples it is recommended that each sample container be placed in a separate
secondary container to minimize the risk of liquid loss, should a split become apparent during the
thawing process or a rupture occur during initial freezing and storage. A mild impact can cause splitting
of some plastics at low temperatures.

With respect to thawing, it is recommended that this be done under ambient conditions, unless specified
otherwise in Tables A.1 to A.3 or the analytical International Standard being used.
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Annex A
(informative)

Techniques for sample preservation

A.1 General

This part of ISO 5667 and the analytical International Standards listed in this annex are complementary.
See the Notice on page 1.

In some cases the alternative preservation techniques listed contradict each other. It is intended that
where an existing analytical International Standard is used, the preservation technique described in that
method applies. However, alternative preservation techniques given in this part of ISO 5667 can also be
appropriate. Where no preservation method is described in the analytical International Standard, or no
analytical International Standard is used, the technique(s) listed in this part of ISO 5667 shall be used.

A validation protocol used for validation studies can be found in Annex C. Reports and data regarding
validation are listed in the bibliography.

A.2 Abbreviations for plastics

FEP perfluoro(ethylene/propylene) PFA perfluoroalkoxy (polymer)
PE polyethylene PP polypropylene

PE-HD high density polyethylene PTFE polytetrafluoroethylene
PET polyethylene terephthalate PVC poly(vinyl chloride)

A.3 Physicochemical and chemical analysis

See Table A.1. The following general remarks should be noted in relation to use of Table A.1.

— A preservation time of 1 d means that if 24 h is exceeded, this should be stated in the report.

— The types of containers are identical to those in the analytical International Standards. In some
cases, the type of container in the standard is very specific, e.g. PTFE. This is essential when very
low concentrations have to be measured. In other cases, when the specific type of plastic is not
important, the term plastics is sufficient.

A.4 Biological analysis

The following general remarks should be noted in relation to use of Table A.2.

— Plastics used for containers in the laboratory are for instance PE, PTFE, PET, PP, PFA, and FEP.

— Ifapreservation period is not specified, it is generally unimportant. The indication “1 month”
represents preservations without particular difficulty.

A.5 Radiochemical analytes and activities

The following general remarks should be noted in relation to use of Table A.3.

© ISO 2012 - All rights reserved 9
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WARNING — Radioprotection such as shielding may be necessary, depending on the activity
of the sample.

Acidification is carried out to avoid algal growth, biological spoilage, and adsorption of metal ions
to the inner wall of the sample container.

Contamination of the sample should be avoided, especially if the sample activity is very low. Some
sample sites can have measurable activity in the soil or air, or in waters other than those being
sampled. Laboratories, as well as some items of domestic equipment, can contain radioactive
material. When sampling precipitation, any special requirements in this table are additional to
those given in ISO 5667-8. As the collection of sufficient sample can require a period of days, both
the starting and finishing times and dates should be recorded. A record of precipitation collection
for the sample station for the appropriate period should be appended. Stabilizer or carrier may be
added, if appropriate for the analytes being measured.

Plastics used for containers in the laboratory are for instance PE, PTFE, PET, PP, PFA, and FEP.

NOTE Some plastics bottles slowly concentrate samples over a period of many months by being very slightly
permeable to water. Also see the comments for e.g. radon.

10
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Annex B
(informative)

Container preparation

B.1 Reagents

Unless otherwise stated, use only reagents of recognized analytical grade and distilled or demineralized
water or water of equivalent purity.

B.1.1 Acetone (IUPAC: propanone).
B.1.2 Hydrochloric acid, 4 % volume fraction and 25 % volume fraction HCL

B.1.3 Nitric acid, 10 % volume fraction HNOs.

B.2 Solvent-washed glass containers

WARNING — Organic solvents can be hazardous. Provide suitable handling facilities and
handle with care.

Non-disposable sample containers and lids for semi-volatile analysis should be washed with a phosphate-
free detergent solution, followed by thorough rinses with hot tap-water and analyte-free water. The
last step should be an acetone rinse. The lids should be in place on the container during the rinse step
(solvent in the container with the lid tightly screwed down) because the solvents can rinse plastic from
the interior screw threads on to the PTFE lining.

For analysis of volatile organic compounds, sample containers, screw caps, and septa (silicone vapour
barriers) should be washed with a phosphate-free detergent, rinsed once with tap-water, rinsed at least
twice with analyte-free water, then dried at greater than 105 °C. A solvent rinse should generally be
avoided because it can interfere with the analysis, although a methanol rinse is acceptable.

Alternatively, single use disposable containers and lids may be used for both sample types.

B.3 Acid-washed containers

For trace metal analysis, new sample containers should always be used. Sample containers and lids
should be thoroughly cleaned with a phosphate-free detergent solution, thoroughly rinsed with metal-
free water, soaked for 24 h in ~10 % volume fraction HNO3 or ~25 % volume fraction HCl, and rinsed
with metal-free water.

B.4 Containers for biological samples

Containers for the collection of toxicological or hydrobiological samples should be washed with a
phosphate-free detergent solution, triple rinsed with hot tap-water and should be finished with a 4 %
volume fraction hydrochloric acid rinse. It is possible to use disposable commercial plastic containers,
subject to verification of the absence of interference with the analysis. Manipulation of the samples is
often necessary, and the optimal methods depend on the study objectives.
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Annex C
(informative)

Protocol as used in Dutch validation studies

C.1 General

Studies of the preservation of water samples were carried out in the Netherlands between 2003 and 2011.
Thestudieswereperformedbylaboratories associated with the Federation of Dutch laboratories, calibration
and inspection bodies (FeNeLab). The objective was to establish preservation times for a number of critical
analyses in the most relevant types of water: groundwater, surface water, and waste water.

A fixed protocol was used, which distinguished between four types of water: groundwater or eluate;
surface water or effluent; food industry waste water; chemical industry waste water.

C.2 Protocol

Within each study, a minimum of between 6 and 12 different samples were used, at low and high
concentration levels. Samples were obtained and divided over various bottles on day 0 and if necessary
spiked. Day 0 is defined as the sampling date and date of arrival in the laboratory.

On day 0, analyses of eight test portions (bottles) were performed and the mean, X, , of each analyte
was calculated.

Subsequent measurements of three test portions were carried out each day in sequence, e.g.at1d, 2 d,
4d,7d,14d,and 28 d. From the analytical results obtained, the mean of each analyte, x5, was calculated.

Once the difference between the mean test results of the stored test portions and the mean test results
on day 0 was more than twice the standard deviation, s, established by method validation, i.e.

)?B -X A >2s
the preservation time was considered to have been exceeded.

C.3 Studies performed

The studies concerned the following analyses and matrices:

— EOXin groundwater, surface water and waste water;

— nitrite and nitrate in surface water and waste water;

— pesticides containing organophosphorus or organonitrogen, in effluent and waste water;

— pesticides containing organochlorine and chlorobenzenes, in groundwater, surface water and
waste water;

— polychlorinated biphenyls, in groundwater, surface water and waste water;

— volatile organic compounds (volatile halogenated hydrocarbons and aromatic hydrocarbons) in
groundwater.
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Additionally data provided by individual members of FeNeLab were evaluated. These data were obtained
in stability studies for interlaboratory comparisons or for validation of procedures of sampling, transport
and analysis of a specific laboratory.

C.4 Evaluations

The following analyses and matrices were evaluated:

— pHin drinking water, groundwater and surface water;
— pH in waste water;

— pesticides containing organochlorine and chlorobenzenes in surface water, groundwater and
wastewater;

— polychlorinated biphenyls, in surface water, groundwater and wastewater;

— volatile organic compounds (volatile halogenated hydrocarbons and aromatic hydrocarbons) in
waste water.

All reports and data involved are listed in the bibliography (References [66]-[86]) and are available
at www.sikb.nl.

© IS0 2012 - All rights reserved 37



ISO 5667-3:2012(E)

38

Bibliography

IS0 5663:1984, Water quality — Determination of Kjeldahl nitrogen — Method after mineralization
with selenium

[SO 5814:2012, Water quality — Determination of dissolved oxygen — Electrochemical probe method
[SO 5961:1994, Water quality — Determination of cadmium by atomic absorption spectrometry

ISO 6468:1996, Water quality — Determination of certain organochlorine insecticides, polychlorine
biphenyls and chlorobenzenes — Gas-chromatographic method after liquid-liquid extraction

ISO 6878:2004, Water quality — Determination of phosphorus — Ammonium molybdate
spectrometric method

ISO 7027:1999, Water quality — Determination of turbidity

ISO 7150-1:1984, Water quality — Determination of ammonium — Part 1: Manual spectrometric
method

ISO 7887:2011, Water quality — Examination and determination of colour
ISO 7888:1985, Water quality — Determination of electrical conductivity

[SO 7980:1986, Water quality — Determination of calcium and magnesium — Atomic absorption
spectrometric method

ISO 8165-1:1992, Water quality — Determination of selected monovalent phenols — Part 1: Gas-
chromatographic method after enrichment by extraction

[SO 8165-2:1999, Water quality — Determination of selected monovalent phenols — Part 2: Method
by derivatization and gaschromatography

ISO 8245, Water quality — Guidelines for the determination of total organic carbon (TOC) and
dissolved organic carbon (DOC)

[SO 8467:1993, Water quality — Determination of permanganate index

IS0 9377-2:2000, Water quality — Determination of hydrocarbon oil index — Part 2: Method using
solvent extraction and gas chromatography

IS0 9439, Water quality — Evaluation of ultimate aerobic biodegradability of organic compounds in
aqueous medium — Carbon dioxide evolution test

IS0 9562:2004, Water quality — Determination of adsorbable organically bound halogens (AOX)

1S0 9963-1:1994, Water quality — Determination of alkalinity — Part 1: Determination of total and
composite alkalinity

[SO 9964-3:1993, Water quality — Determination of sodium and potassium — Part 3: Determination
of sodium and potassium by flame emission spectrometry

ISO 10260:1992, Water quality — Measurement of biochemical parameters — Spectrometric
determination of the chlorophyll-a concentration

ISO 10304-1:2007, Water quality — Determination of dissolved anions by liquid chromatography of
ions — Part 1: Determination of bromide, chloride, fluoride, nitrate, nitrite, phosphate and sulfate

[SO 10304-3:1997, Water quality — Determination of dissolved anions by liquid chromatography of
ions — Part 3: Determination of chromate, iodide, sulfite, thiocyanate and thiosulfate

© IS0 2012 - All rights reserved



[23]

[24]

[25]

[26]
[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

ISO 5667-3:2012(E)

ISO 10304-4:1997, Water quality — Determination of dissolved anions by liquid chromatography of
ions — Part 4: Determination of chlorate, chloride and chlorite in water with low contamination

ISO 10359-1:1992, Water quality — Determination of fluoride — Part 1: Electrochemical probe
method for potable and lightly pollutedwater

ISO 10359-2:1994, Water quality — Determination of fluoride — Part 2: Determination of
inorganically bound total fluoride after digestion and distillation

ISO 10523:2008, Water quality — Determination of pH

ISO 10566:1994, Water quality — Determination of aluminium — Spectrometric method using
pyrocatechol violet

ISO 10695:2000, Water quality — Determination of selected organic nitrogen and phosphorus
compounds — Gas chromatographicmethods

ISO 11074:2005, Soil quality — Vocabulary

ISO 11369:1997, Water quality — Determination of selected plant treatment agents — Method
using high performance liquid chromatography with UV detection after solid-liquid extraction

1SO 11423-1:1997, Water quality — Determination of benzene and some derivatives — Part 1: Head-
space gas chromatographic method

ISO 11423-2:1997, Water quality — Determination of benzene and some derivatives — Part 2:
Method using extraction and gas chromatography

[SO 11732:2005, Water quality — Determination of ammonium nitrogen — Method by flow analysis
(CFA and FIA) and spectrometric detection

[SO 11885:2007, Water quality — Determination of selected elements by inductively coupled plasma
optical emission spectrometry (ICP-OES)

ISO 11969:1996, Water quality — Determination of arsenic — Atomic absorption spectrometric
method (hydride technique)

ISO 12020:1997, Water quality — Determination of aluminium — Atomic absorption
spectrometric methods

ISO 12846:2012, Water quality — Determination of mercury — Method using atomic absorption
spectrometry (AAS) with and without enrichment

ISO 13395:1996, Water quality — Determination of nitrate nitrogen and nitrite nitrogen and the
sum of both by flow analysis (CFA and FIA) and spectrometric detection

ISO 14402:1999, Water quality — Determination of phenol index by flow analysis (FIA and CFA)

ISO 14403:2012 (all parts), Water quality — Determination of total cyanide and free cyanide using
flow analysis

+ + 2+ 2+ 2+
ISO 14911:1998, Water quality — Determination of dissolved Li*, Na*, NH ;,, K, Mn ,Ca ,Mg ,

Sr2+ and Ba?+ using ion chromatography — Method for water and waste water

[42] ISO 15061:2001, Water quality — Determination of dissolved bromate — Method by liquid

chromatography ofions

[43] ISO 15586:2003, Water quality — Determination of trace elements using atomic absorption

spectrometry with graphite furnace

[44] ISO 15680:2003, Water quality — Gas-chromatographic determination of a number of monocyclic

aromatic hydrocarbons, naphthalene and several chlorinated compounds using purge-and-trap and
thermal desorption

© IS0 2012 - All rights reserved 39



ISO 5667-3:2012(E)

[45] SO 15681-1:2003, Water quality — Determination of orthophosphate and total phosphorus contents
by flow analysis (FIA and CFA) — Part 1: Method by flow injection analysis (FIA)

[46] ISO 15681-2:2003, Water quality — Determination of orthophosphate and total phosphorus
contents by flow analysis (FIA and CFA) — Part 2: Method by continuous flow analysis (CFA)

[47] ISO 15682:2000, Water quality — Determination of chloride by flow analysis (CFA and FIA) and
photometric or potentiometric detection

[48] SO 15705:2002, Water quality — Determination of the chemical oxygen demand index (ST-COD) —
Small-scale sealed-tubemethod

[49] ISO 15913:2000, Water quality — Determination of selected phenoxyalkanoic herbicides, including
bentazones and hydroxybenzonitriles by gas chromatography and mass spectrometry after solid
phase extraction and derivatization

[50] ISO 16264:2002, Water quality — Determination of soluble silicate by flow analysis (FIA and CFA)
and photometric detection

[51] ISO 17294-2:2003, Water quality — Application of inductively coupled plasma mass spectrometry
(ICP-MS) — Part 2: Determination of 62 elements

[52] ISO 17353:2004, Water quality — Determination of selected organotin compounds — Gas
chromatographic method

[53] ISO 17852:2006, Water quality — Determination of mercury — Method using atomic fluorescence
spectrometry

[54] ISO 17993:2002, Water quality — Determination of 15 polycyclic aromatic hydrocarbons (PAH) in
water by HPLC with fluorescence detection after liquid-liquid extraction

[55] ISO 18412:2005, Water quality — Determination of chromium(VI) — Photometric method for
weakly contaminated water

[56] ISO 18856:2004, Water quality — Determination of selected phthalates using gas
chromatography/mass spectrometry

[57] ISO 18857-1:2005, Water quality — Determination of selected alkylphenols — Part 1: Method for non-
filtered samples using liquid-liquid extraction and gas chromatography with mass selective detection

[58] ISO 18857-2:2009, Water quality — Determination of selected alkylphenols — Part 2: Gas
chromatographic-mass spectrometric determination of alkylphenols, their ethoxylates and bisphenol
A in non-filtered samples following solid-phase extraction and derivatisation

[59] ISO 21458:2008, Water quality — Determination of glyphosate and AMPA — Method using high
performance liquid chromatography (HPLC) and fluorometric detection

[60] ISO 23913:2006, Water quality — Determination of chromium(VI) — Method using flow analysis
(FIA and CFA) and spectrometric detection

[61] ISO 28540:2011, Water quality — Determination of 16 polycyclic aromatic hydrocarbons (PAH) in
water — Method using gas chromatography with mass spectrometric detection (GC-MS)

[62] ISO 29441:2010, Water quality — Determination of total nitrogen after UV digestion — Method
using flow analysis (CFA and FIA) and spectrometric detection

[63] ISO Guide 34, General requirements for the competence of reference material producers

[64] EN 15204, Water quality — Guidance standard on the enumeration of phytoplankton using inverted
microscopy (Uterméhl technique)

40 © IS0 2012 - All rights reserved



ISO 5667-3:2012(E)

[65] APHA, AWWA, WEF. Standard methods for the examination of water and waste water. American
Public Health Association — American Water Works Association — Water Environment
Federation, 22nd edition, 2012

[66] Bajema, B.L. EvaluatievandepHmetingen 2005-2007 metbetrekkingtotmonsterneming, conservering
en meetonzekerheid [Evaluation of pH measurements 2005-2007 with respect to sampling,
preservation and uncertainty]. Vitens Laboratorium Rapportcode: VL-I0-AC0702-2, January 2008

[67] Bajema, B.L. Onderzoek naar de houdbaarheid van ammonium in aangezuurde en niet aangezuurde
monsters. (Aquakem600) [Research on maximum storage times of ammonium in acidified and
non-acidified samples]. Vitens Laboratorium Rapportcode: VL-10-AC0521, December 2005

van Bakergem, E. Validation of the preservation time of organochlorine pesticides ,

68 Bakergem, E. Validati f th ion ti f organochlori icides (OCP
polychlorinated biphenyls (PCB) and non-volatile chlorobenzenes (NCBZ) in waste waters. Al-
West, April 2011

[69] Broer, W. Validation “Preservation time organochlorine pesticides, PCB and tri-, tetra-, penta-
and hexachlorobenzenes in groundwater”. Al-Control, October 2008

[70] de Jong, G., van Berkel, E. Validatie ringonderzoek VGK en VAK in afvalwater [Validation of VGK and
VAKintra-laboratory trails on surface water]. Kiwa, projectnummer 630000.162.001 April 2003

[71] de Kok, H. Combined results of studies on preservation time of organochloropesticides,
polychlorobiphenylsandchlorobenzenesingroundwater, wastewaterandsurfacewater. Waterschap
Groot-Salland, September 2011

[72] FeNeLab.Conserveringvantinin salpeterzuur [Preservation oftin in nitric acid]. FeNeLab, June 2008

[73] Goémez-Ariza ].L., Giraldez 1., Morales E. Ariese F., Cofino W., Quevauviller P. Stability
and storage problems in organotin speciation in environmental samples. J. Environ. Monit.
1999, 1 pp. 197-202

[74] Haney ].F, Hall D.]. Sugar-coated Daphnia: A preservation technique for Cladocera. Limnol.
Oceanogr. 1973,18 pp. 331-333

[75] KIWA. Validatie van (nieuwe) parameters en/of matrices [Validation of (new) parameters and
matrices]. Kiwa, KHRO-6.0.8, August 2003

[76] KIWA. Validatie tb.v. ringonderzoeken anionen [Validation for anions interlaboratory
comparison]. Kiwa, 2003

[77] KIWA. Validatie tb.v. ringonderzoeken chloorpesticiden [Validation for chloropesticide
interlaboratory comparison]. Kiwa, 2003

[78] KIWA. Validatie tb.v. ringonderzoeken metalen [Validation for metals interlaboratory
comparison]. Kiwa, 2003

[79] Landwehr,].L., Tukker, ]. Validatie van conserveringstermijn ONBen OPB in afvalwater [Validation
of storage times of ONBs and OPBs in waste water]| SIKB project 55 Versie 1, October2003

[80] Landwehr, ].L. Validatie van conserveringstermijnen in Afvalwater. Houdbaarheid van OCB, PCB en
CB (chloorbenzenes) [Validation of storage times in waste water. Preservation of OCBs, PCBs, and
CBs]. Omegam, February 2011

[81] Schoerbel, J. Methoden der Hydrobiologie: Siisswasserbiologie [Hydrobiology methods: Fresh
water biology]. Stuttgart: Fischer, 3rd Edition, 1980

[82] SIKB. Onderzoeksprogramma validatie van conserveringstermijnen van milieumonsters [Research
programme validation of environmental sample preservation times]. SIKB project 55 Versie
10, April 2003

© IS0 2012 - All rights reserved 41



ISO 5667-3:2012(E)

[83] Tuin, G. Validation of the preservation time of organochloropesticides, polychlorobifenyls and
chlorobenzenes in groundwater. Eurofins Analytico, August 2009

[84] van den Berg, W., Yedema, E. Validatie conserveertermijn EOX in water [Validation storage time
EOX in water]. Dienst waterbeheer en riolering, ingenieursbureau, Rapportnummer 03.780225,
November 2003

[85] van den Berg, W.A]. Onderzoek op conserveringstermijn van afvalwatermonsters voor de pH
bepaling [Investigation into the storage time of waste water samples for pH determination].
Waterproef project 2007-109, September 2007

[86] van Kranenburg, P. Validatie van conserveringstermijn van aromaten en CKW in water
[Validation of the storage time of aromatics and chlorinated hydrocarbons in water]. Analytico
milieu BV, October 2003

[87] van den Berg, M.A.E. ANVM project 209 Evaluation of preservation methods and maximum storage
times for water samples. Delft: NEN, 2002

[88] van den Berg, M.A.E. STOWA report 2000-26 Evaluatie van conserveringstechnieken [Evaluation
of preservation methods]. Utrecht: STOWA, 2000

[89] Waterschap Groot Salland. Validatie van conserveringstermijn van nitrite en nitraat+nitrite in
oppervlaktewater en afvalwater [Validation of preservation times of nitrite and nitrate+nitrite in
surface water and waste water]. Waterschap Groot Salland, October 2003

[90] Werres, F., Balsaa, P, Schmidt, T.C. Total concentration analysis of polycylic aromatic
hydrocarbons in aqueous samples with high suspended particulate matter content. /. Chromatogr.
A. 2009,1216 pp. 2235-2240

42 © IS0 2012 - All rights reserved






ISO 5667-3:2012(E)

ICS 13.060.45

Price based on 42 pages

© IS0 2012 - All rights reserved



Acknowledgements

Members of Technical Committee on Water Quality

Mr Ahmad Latfi Mahamud (Chairperson)
Ms Nurul Azimah lkmal Hisham (Secretary)
Mr Amirul Shazli Mohamed

Mr Hasmadi Hassan/ Mr Zul Helmi Ghazali
Ms Saeidah binti Jaafar

Mr Anuar Md. Ali/ Ms Nor Bidayah Yasin

Ms Mazatul Akmar Aros
Mr Ahmad Saifful Salihin
Dr Kamarudin Samuding
Ir Chan Chiang Heng

Mr Alan Lim Chong Beng

Ms Bariah Bakri/i Ms
Bahruddin

Mr Adam Malik Najri

Mr Mohd Nazifi Nawawi
Ms Isnazunita Ismail/ Ms Tan Yong Nee
Ms Rohaidah Ibrahim

Ms Sabariah Mohd Din

Dalila Farhana

Department of Chemistry Malaysia
Malaysian Institute of Chemistry

Alam Sekitar Malaysia Sdn Bhd

Atomic Energy Licensing Board
Department of Chemistry Malaysia
Department of Irrigation and Drainage
Malaysia

Department of Minerals and Geoscience
Environment Institute of Malaysia
Malaysian Nuclear Agency

Malaysian Water Association

Ministry of Energy, Green Technology and
Water

Ministry of Health Malaysia (Engineering
Services Division)

National Water Services Commission
Selangor Waters Management Authority
SIRIM Berhad

SIRIM QAS International Sdn Bhd
Syarikat Bekalan Air Selangor Sdn Bhd

Members of Working Group on Sampling (Water Quality)

Saeidah Jaafar (Chairperson)

Ms Nurul Azimah Ikmal Hisham (Secretary)
Ms Nur Nadira Sulaiman (Secretary)

Mr Amirul Shazli Mohamed

Dr Chin Teen Teen

Mr Khairul Anuar Abdul Aziz

Mr Ramli Abd Rahman/ Mr Mohammad
Rahimi Dollah

Mr. Anuar Md. Ali

Ms Mazatul Akmar Aros

Mr Hadzley Harith

Ms Lim Pek Boon

Dr Mohd Suhaimi Hamzah
Ir Chan Chiang Heng

Mr Mohd Fairoz Rozali

Mr Alan Lim Chong Beng

Ms Noorazlina binti Zainuddin
Mr. Shahrulnizam

Ms Syazrin Syima Sharifuddin
Mr Adam Malik Najri

Ms Monaliza Mohd Hassan

Ms Norshidah Baharuddin
Mr Aden Taib

Department of Chemistry Malaysia
Malaysian Institute of Chemistry
Malaysian Institute of Chemistry
Alam Sekitar Malaysia SdnBhd

ALS Technichem (M) Sdn Bhd
Department of Chemistry Malaysia
Department of Environment, Malaysia

Department of Irrigation and Drainage
Malaysia

Department of Minerals and Geoscience,
Malaysia

Fisheries ResearchInstitute

Indah Water Konsortium Sdn Bhd
Malaysian Nuclear Agency

Malaysian Water Association

Marine DepartmentMalaysia

Ministry of Energy, Green Technology and
Water (Water Supply Department)
Ministry of Health Malaysia (Engineering
Services Division)

Ministry of Health Malaysia (Food Safety and
Quality Division)

National Hydraulic Research Institute of
Malaysia

National Water Services Commission
Public Works Department, Malaysia
SIRIM Berhad

Syarikat Bekalan Air Selangor Sdn. Bhd

© STANDARDS MALAYSIA 2016 - All rights reserved



