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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. 1SO
collaborates closely with the International Electrotechnical Commission
(IEC) on all matters of electrotechnical standardization.

The main task of technical committees is to prepare International
Standards, but in exceptional circumstances a technical committee may
propose the publication of a Technical Report of one of the following types:

— type 1, when the required support cannot be obtained for the
publication of an International Standard, despite repeated efforts;

— type 2, when the subiject is still under technical development or where
for any other reason there is the future but not immediate possibility of
an agreement on an International Standard;

— type 3, when a technical committee has collected data of a different
kind from that which is normally published as an International Standard
(“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within three years
of publication, to decide whether they can be transformed into International
Standards. Technical Reports of type 3 do not necessarily have to be
reviewed until the data they provide are considered to be no longer valid or
useful.

ISO/TR 13530, which is a Technical Report of type 2, was prepared by
Technical Committee 1SO/TC 147, Water quality, Subcommittee SC 7,
Precision and accuracy.

This document is being issued in the Technical Report (type 2) series of
publications (according to subclause G.6.2.2 of part 1 of the ISO/IEC
Directives, 1995) as a “prospective standard for provisional application” in
the field of water quality because there is an urgent need for guidance on
how standards in this field should be used to meet an identified need.

This document is not to be regarded as an “International Standard”. It is
proposed for provisional application so that information and experience of
its use in practice may be gathered. Comments on the content of this
document should be sent to the ISO Central Secretariat.

A review of this Technical Report (type 2) will be carried out not later than
three years after its publication with the options of: extension for another
three years; conversion into an International Standard; or withdrawal.

Annexes A to E of this Technical Report are for information only.
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Water quality — Guide to analytical quality control for water
analysis

1 Scope

This Technical Report (type 2) is a guide with the objective of providing detailed and comprehensive
guidance on a coordinated programme of within-laboratory and between-laboratory quality control for
ensuring the achievement of results of adequate and specified accuracy in the analysis of waters and
associated materials.

This Technical Report and its annexes are applicable to the chemical and physicochemical analysis of
natural waters (including sea water), waste water, raw water intended for the production of potable
water, and potable water. It is not intended for application to the analysis of sludges and sediments
(although many of its general principles are applicable to such analysis) and it does not address the
biological or microbiological examination of water. Whilst sampling is an important aspect, this is only
briefly considered.

Analytical quality control as described in this Technical Report is intended for application to water
analysis carried out within a quality assurance programme. This Technical Report does not address the
detailed requirements of quality assurance for water analysis.

The recommendations of this Technical Report are in agreement with the recommendations of
established quality assurance documentation (for example ISO Guide 25 and EN 45001). A discussion of

quality systems in water analysis is provided in clause 4 to set in context the recommendations on
quality control.

This Technical Report is applicable to the use of all analytical methods within its field of application,
although its detailed recommendations may require interpretation and adaptation to deal with certain
types of determinand (for example non-specific determinands such as suspended solids or biochemical
oxygen demand). In the event of any disparity between the recommendations of this Technical Report
and the requirements of a standard method of analysis, the requirements of the method should prevail.

The basis of the Technical Report is to ensure the achievement of results of adequate accuracy by
adherence to the sequential stages of analytical quality control shown in figure 1.
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Activity Purpose
1. Establish working To plan and coordinate subsequent activity.
group
2. Define analytical To ensure clear specification of analytical require-
objectives ments
3. Choose analytical To select methods/systems capable of the required
methods/systems 1) accuracy
4, Ensure unambiguous To ensure that the chosen methods are followed
description of methods properly.
5. Estimate To ensure that each laboratory achieves adequate
within-laboratory precision and to check certain sources of bias.
precision and spiking
recovery
6. Ensure accuracy of To eliminate this source of hias in each iaboratory
standard solutions. and to prepare full, more detailed bias checks.
Preliminary check on
interlaboratory bias
7. Set up quality control To maintain a continuing check on analytical perfor-
charts mance in each laboratory.
8. Undertake tests of To ensure that each laboratory achieves adequately
interlaboratory checks small errors.
9. Maintenance of To ensure long-term control of the accuracy and
accuracy using control comparability of analytical results.
charts and regular
follow-up
interlaboratory tests
Figure 1: Sequence of activity for analytical quality control
1) The analytical method is the set of written instructions followed by the analyst. The analytical system includes all
aspects of producing results, i.e. method, equipment, analyst, laboratory environment, etc.
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2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions
of this Technical Report. At the time of publication, the edition indicated was valid. All standards are
subject to revision, and parties to agreements based on this Technical Report are encouraged to
investigate the possibility of applying the most recent editions of the standards indicated below.
Members of IEC and ISO maintain registers of currently valid International Standards.

1SO 5667-1:1980, Water quality - Sampling - Part 1: Guidance on the design of sampling programmes
ISO 5667-2:1991, Water quality - Sampling - Part 2: Guidance on sampling i‘echniques

ISO 5667-3:1994, Water quality - Sampling - Part 3: Guidance on the preservation and handling of
samples

ISO 8466-1:1990, Water quality - Calibration and evaluation of analytical methods and estimation of
performance characteristics - Part 1: Statistical evaluation of the linear calibration function

ISO 8466-2:1993, Water quality - Calibration and evaluation of analytical methods and estimation of
performance characteristics - Part 2: Calibration strategy for non-linear second order calibration

ISO Guide 25:1990, General requirements for the competence of calibration and testing laboratories

EN 45001:1989, General criteria for the operation of testing laboratories

3 The nature and sources of analytical errors

3.1 General

The following clauses provide a succinct discussion of the nature and origin of errors in analytical
results for waters and effluents. Further information on many of the topics covered is given elsewhere
in this Technical Report, and the subject is also discussed extensively in [18].

3.2 Nature of errors

The results of chemical analysis of waters and effluents (like those of all measurement processes) are
subject to error, i.e. the measured concentrations differ from the true concentrations.

3.2.1 Total error

The total error, E, of an analytical result, R, is defined as the difference between that result and the true
value, T; i.e.

E=R-T
As the total error decreases, the accuracy of the result is said to increase.

In general, the total error represents the sum of random error and systematic error.
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3.2.2 Random error

Repeated analysis of identical portions of the same, homogeneous sample does not, in general, lead to
a series of identical results 2). Rather, the results are scattered about some central value. The scatter is
attributed to random error, so called because the sign and magnitude of the error of any particular
result vary at random and cannot be predicted exactly. Precision is said to improve as the scatter
becomes smaller - i.e. as random error decreases - and imprecision is therefore a synonym for random
error.

Because random errors are always present in analytical results, statistical techniques are necessary if
correct inferences regarding true values are to be made from the results.

Terms such as "repeatability® and "reproducibilty” have specialized meanings in the context of
interlaboratory collaborative trials. In this Technical Report, random error is quantified in terms of the
standard deviation, o. Since exact measurement of the standard deviation generally requires an infinite
number of repeated results, only estimates, s, of o will usually be obtainable. The number of degrees of
freedom (DF) of the estimate provides an indication of its worth; as the number of degrees of freedom
increases, the random error of the estimate itself, s, decreases.

3.2.3 Systematic error

Systematic error (or bias) is present when there is a persistent tendency for results to be greater, or
smaller, than the true value. The mean of n analytical results for identical portions of a stable, homoge-
neous sample approaches a definite, limiting value, y, as n is increased indefinitely. When p differs
from the true value, T, results are said to be subject to systematic error or bias, B, where:

B=pu-T

Because an indefinitely large number of determinations cannot be made on a single sample, the effect
of random error prevents exact determination of y, and hence also of 8. Only an estimate, X, of y will
generally be available, so that only an estimate, b, of 8 can be obtained.

As the systematic error or bias of results decreases, trueness is said to increase.

3.3 Sources of error

The distinction between random and systematic errors is important for two reasons: first, because they
have different effects on the use to be made of analytical results, and second, because they usually
have different origins.

3.3.1 Causes of random error

Random errors arise from uncontrolled variations in the conditions of the analytical system 3) during
different analyses. The nature of such variations include, for example, differences in the volume of
sample or reagent taken on different occasions, fluctuations in temperature - either in time, or across
the different sample positions in a heating bath, block or oven, fluctuations in instrumental conditions
(for example in temperatures, fluid flowrates, voltages and wavelengths) and operator-induced
variations in reading scales. Variations from batch to batch, in the extent to which the calibration
function represents the true calibration for that batch, also give rise to between-batch random errors,
whereas a consistent calibration error across many batches gives rise to systematic error - see below.

2) This may not be true when the discrimination of the analytical system is coarse. However, the apparent perfect

concordance of repeated results in such a situation is illusory, because samples differing in concentration will also
give the same results.

3) The analytical system is the combination of all factors - analyst, equipment, method, reagents, etc. involved in
producing analytical results from samples.
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Whilst many of these factors causing random errors can be more closely controlled to achieve better

precision, they can never be totally eliminated, so that all results are subject to some degree of random
error.

3.3.2 Causes of systematic error

There are five general sources of systematic error (if clear blunders by the analyst in carrying out the
written method, and bias introduced by the sample collection itself are both excluded). .

These are:
a) Instability of samples between sample collection and analysis

This is a potentially important source of error in many cases, and evidence should
always be obtained - either from the literature or by direct test - to ensure that
unacceptable bias is not introduced by this factor. Effective sample stabilization
procedures are available for many determinands, but they should be compatible with
the analytical system being employed, and with the particular sample type being
analysed.

b) Inability to determine all relevant forms of the determinand

Many substances exist in water in a variety of physical and/or chemical forms (or
"species"). For example, iron can exist in both dissolved and particulate forms, and
within each of those physical categories a variety of chemical species may be present -
for example free ions and complexes, including those of different oxidation states, in
the dissolved phase. An inability of the analytical system to determine some of the
forms of interest will give rise to a bias when those forms are present in samples.

Some determinands are overall properties of a sample, rather than a particular
substance - for example biochemical oxygen demand (BOD). Such determinands are
called "non-specific* and have to be carefully defined by specifying the use of a
particular analytical method. The so-called "dissolved” fractions of, for example trace
metals, are also non-specific in the sense that the type and pore-size of filter to be used
in their determination should be clearly specified.

c) Interferences

Few analytical methods are completely specific for the determinand. Response to
another substance (for example, response to iron by a spectrophotometric procedure
for manganese based on formaldoxime) will give rise to biased results when that
substance is present in samples, and it is important that the effects of all such
interferents likely to be present in samples are known before a new method is applied
routinely. : ‘

In some cases, the effect of another substance is to alter the chemical state of the
determinand such that it is not measured by the method being used - for example, the
presence of fluoride will cause aluminium complexes to form, which may not be
measured by an ion-selective electrode. Such an effect can be regarded as an
interference upon the determination of total dissolved aluminium, or as a failure to
recover all forms of dissolved aluminium. Although it more strictly falls into the latter
category, the effect - and others like it - may be most conveniently treated as an
interference when data on performance characteristics are being obtained or reported
(see clause 5 and annex A).
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d) Biased calibration

Most methods require the use of a caiibration function {expiicit or impiicit) to convert
the primary analytical response for a sample to the corresponding determinand
concentration. If the samples and calibration standards are treated in exactly the same
manner (and provided that the materials used to prepare the calibration standards are
of adequate purity) no systematic error should arise from the calibration. (It has been
noted in 3.3.1 that anv variations in the correctness of the calibration from batch to
batch will be manifested as between-batch random errors).

if, however, samples an d:f"‘i‘t’;‘-"lﬂy, this can
represent a potentially serious source of error. Thus for example, a method
prescribing some form of pre-concentration of the determinand from samples, but
emplaving direct calibration with standards not taken through the pre-concentration
step, w:l[ give rise to negative bias if the pre-concentration recovery is less than 100 %.
In such cases, evidence should be obtained on the accuracy of the prescribed
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Impurity of the material used to prepare calibration standards is, of course, another
potential cause of biased results.

e) Biased blank

The same considerations as in d} above apply to blanks. There is, however, another
source of bias arising from blank correction. If the water used for the blank contains the
determinand, results for samples will be biased low by an equivalent amount unless a
correction for the determinand content of the blank water is applied. ldeally, however, a
source of blank water should be obtained, such that the determinand content is
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4 The quality system in water analysis

4.1 General

The quality system is the term used to describe the aspects which are intended to meet the clients’
requirements. The control of analytical errors, usually termed analytical quality control (AQC) is an
important component of the quality system. This clause summarizes the key issues which should be
addressed in designing a quality system.

For more detail and an authoritative account of quality assurance, readers should consult the standards
listed in clause 2, together with documentation provided by the various national accreditation bodies.

4.2 Quality system

4.2.1 Aims and form of quality system

The laboratory should operate a quality system appropriate to the type, range, precision and volume of
tests that it undertakes. The quality system should be such as to ensure that the requirements of this
Technical Report are fully met on a continuing basis. All staff should be made fully aware of, and be
required to comply with, the documented quality system.

The laboratory should possess a statement of the aims and general form of the laboratory's quality
system, including the purpose of the quality manual and associated documentation.
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4.2.2 Quality manual

The qualiity system shouid be formalized in a quaiity manuai which shouid be maintained and kept up-
to-date.

The person responsible for authorization and compilation of the quality manual should be identified. A
distribution list of the quality manual and identification of holders of controlled copies of the quality
manual should be included.

The quality manual should contain, for example the following items or equivalent:

1 Scope.

2 References.

3 Definitions.

4 Organization and management.

5 Quality system, audit and review.

6 Personnel.

7 Accommodation and environment.

8 Equipment and reference material.

9 Measurement, traceability and calibration.
10 Test methods.

1 Handling of calibration and test items.
12 Records.

13 Certificates and reports.

14 Subcontracting of calibration or testing.
15 Outside support services and supplies.
16 Complaints.

4.2.3 Quality management

The quality system should include a statement of the responsibilities and authority of the technical
manager and quality manager, and any appointed deputies.

The quality system should include a statement of the general arrangements for implementing each of
the quality manager's and deputy's responsibilities and the specific procedures for implementing these
responsibilities, or identification of laboratory documents containing such procedures.

4.2.4 Documentation

The quality system should include a statement of the quality manager's responsibility in relation to
control and maintenance of documentation, including the quality manual, and of the specific
procedures for control, distribution, amendment, updating, retrieval, review and approval of all
documentation relating to the testing work of the laboratory.
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It should be made clear that laboratory staff should have ready access to all documentation, including
the quality manual test procedures, and all relevant standard specifications.

There should be an instruction forbidding alteration of laboratory documentation, except under
conditions specified by management. Instructions should also require adherence by all staff to the
laboratory's laid-down policies and procedures, except under clearly specified conditions.

The instruction should indicate clearly the circumstances under which departures from documented

policies and procedures or standard specifications are permitted. It should also indicate that departures
should be endorsed by management and their justification included in relevant records.

The quality system should include a statement of the specific procedures for dealing with situations
where staff have not followed documented policies, procedures and standard specifications as
required.

4.3 Quality policy

4.3.1 Management statement

The quality system should include a statement by senior management of the policy of the laboratory as
regards quality in all aspects of its work.

4.3.2 Quality systems

The quality system should include a statement of the intentions of the laboratory management in
relation to quality of service.

The quality system should include a statement that it is the responsibility of all staff to familiarize
themselves with the content of the quality manual and to comply with the policies and procedures laid
down in the quality manual and associated documentation.

These statements should be made on the authority of a senior executive, who has direct management
responsibility for the laboratory and who is at the highest level of management on which decisions are
taken on laboratory policy and resources. They should be authenticated by the signature, and legible
name and position, of the person concerned.

The policy statements should indicate:

- title of the person responsible for implementing the quality policy in the laboratory,

- title of the person having overall responsibility for control of quality and who advises on and monitors
all aspects of quality in the laboratory.

4.4 Organization and management
4.4.1 Organization

The quality system should include a statement to the identity and legal status of the laboratory
(including ownership and corporate position in relation to any parent organization or grouping of
companies) and a statement of the technical role of the laboratory (for example independent,
commercial, calibration/testing, or product quality control in support of a particular manufacturer).

A brief historical background should be included which is relevant to the standing of the laboratory,

together with a summary of the scope of operation and range of testing performed by the laboratory
and an inventory of tests performed by the laboratory.
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4.4.2 Organization charts
Organization charts should be used showing:
- technical manager, quality manager, and any deputies;

- general lines of responsibility within the laboratory (including the relationship between
management, technical operations, quality control and support services);

- the lines of responsibility within individual sections of the laboratory;

- the relationship between the laboratory and any parent or sister organizations.

The appropriate chart should show that, for matters related to quality, the quality manager has direct
access to the highest level of management at which decisions are taken on laboratory policy or
resources, and to the technical manager.

4.4.3 Management

Detaiis of job descriptions, quaiifications, training and experience shouid be provided for:

- technical manager;

- quality manager;

- other key laboratory managerial and technical posts.

Job descriptions should include:

- title of job and brief summary of function;

- person or functions to whom jobholder reports;

- person or functions that report to jobholder;

- key tasks that jobholder performs in the laboratory;

- limits of authority and responsibility.

Technical manager - the quality system should include a statement that the post-holder has overall
responsibility for the technical operation of the laboratory and for ensuring that the quality system
requirements are met.

Quality manager - the qualvity system should include a statement that the post-holder has responsibility
for ensuring that the requirements for the quality system are met on a day-to-day basis and that the
post-holder has direct access to the highest level of management at which decisions are taken on

laboratory policy or resources, and to the technical manager.

The quality system should include a statement of:

- any special arrangements for management and other functions, in the event of the
absence of key staff;

- method whereby the laboratory makes all staff aware of the extent and limitations of
their responsibility;

- laboratory policy with respect to influences or inducements that might adversely affect
the judgement of staff or the result of their work;
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- actions to be taken by staff on encountering such influences or inducements;

- iaboratory poiicy and generai arrangements for ensuring the protection of proprietary
rights and information, and for other aspects of site security.

4.4.4 Staff qualifications and training

The quality system should include a statement of the laboratory's general criteria for engagement of

2VSLelll SNUUld IHiLIudeE a stdloihiclit Ul U1 1avuidtuly o ycticidl Liitclia 10U elidagernerit Oof

staff and their assignment to respective duties and list the relevant academic and/or professmnal
qualifications, training and experience of key managerial, technical and other staff.

The quality system should include a statement of the laboratory's procedures for defining in writing
which members of staff are authorized to use equipment or perform specific calibrations or tests.

The quality system should include a statement: of the laboratory's policy for the use of staff undergoing:
training including their supervision.

The quality system should include a statement as to the maintenance, accessibility and location of all
records relating to staff competence, qualifications, training and experience.

4.5 Testing environment
4.5.1 Laboratory testing environment

Samples, reagents and standards should be stored so as to ensure their mtegnty The laboratory should
guard against deterioration, contamination and loss of identity.

Special care may need to be taken in some laboratories, for example those involved in trace analysis. In

al el by lavial L ‘AN
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special areas are set aside for trace analysis, access to these areas should be restricted, and the type of
work undertaken carefully controlled.

Staff should be aware of:

- the intended use of a particular area;

- the restrictions imposed on working within such areas;

- the reasons for imposing such restrictions.

Specific procedures for environmental conditions, for example the need for air-conditioning, required

by particular categories of tests, and the laboratory's general arrangements for providing such

conditions and for dealing with dlsturbances of environmental laboratory conditions should be
established.

4.5.2 Laboratory housekeeping

The ‘quality system should include a general statement containing an instruction to staff to maintain
good housekeeping throughout the laboratory and where appropriate, to adopt special procedures.

4.53 Staff accommodation and conditions

The quality system should include a statement of laboratory's intention to provide accommodation and
conditions for all staff, conducive to the proper performance of their respective duties.
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4.6 Equipment and reference material

4.6.1 General

The quality system should include an operating programme for the maintenance and calibration of
equipment used in the laboratory.

The quality system should include a statement of the use of reference material (a stable and homogene-
ous material or substance, one or more properties of which are sufficiently well established to be used
for the calibration of apparatus, the assessment of a measurement method or for assigning values to
materials).

4.6.2 General service equipment

General service equipment should only be maintained by cleaning and safety checks as necessary.
Calibrations or performance checks will be necessary where the setting can significantly affect the test
or analytical result (for example, the temperature of a muffle furnace or constant temperature bath.)

4.6.3 Volumetric equipment

The correct use of volumetric equipment is critical to analytical measurements and it should be
maintained, calibrated and used in a manner consistent with the accuracy required of data. For the
highest accuracy, measurements can often be made by mass rather than by volume. The type used
(glass, polytetrafluoroethylene, etc.) cleaning, storage and segregation of volumetric equipment is
critical for the avoidance of contamination, particularly for trace analyses when leaching and adsorption
can be significant.

4.6.4 Balances and other measuring instruments

Periodic performance checks should be carried out at specified intervals on balances. Other instruments
may be checked (for example for response, stability and linearity of sources, sensors and detectors, the
separating efficiency of chromatographic systems, the resolution, alignment and wavelength accuracy
of spectrometers, etc.).

These checks are particularly important if errors are not easily detected as part of the routine quality
control system.

4.6.5 Computers and data processors

The computer systems should periodically be checked and maintained. The computer software should
be fully documented and validated before use.

4.6.6 Defective equipment

Defective equipment should immediately be withdrawn from analytical work and not be returned until
re-calibrated, re-validated and re-authorized for use.

4.7 Receipt and handling of test samples

4.7.1 General

General arrangements are required for:

- receipt, recording and handling of test items;

- transfer of test items to and from the laboratory;

- transfer of test items between different sections of the laboratory;

- sampling, transport, storage, bonding and protection of items, as appropriate.
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4.7.2 ldentification of test samples

There should be a system for identification of test items and any accessories.

4.7.3 Condition on receipt of test samples

The quality system should include a statement of the procedure for recording the condition of an item
on receipt and of the steps to be taken in conjunction with the client if the suitability of the item for
testing is in doubt.

4.7.4 Disposal of test samples

The quality system should include a statement of the procedures to be adopted after completion of the
test for the retention and/or safe disposal of test items.

4.8 Test reports
4.8.1 Control of test reports

The quality system should include a statement of laboratory policy and procedure for the content,
format, issue and transmission of certificates and test reports. The statement should cover the
procedures for the use of electronic data transfer as well as hard copy; instruction on minimum
information content of certificates and test reports including condensed or coded examples; instruction
on layout of test reports; and sample test report forms used by the laboratory.

4.8.2 Authorization of test reports

Instruction should be provided on checking and signature of test reports; and identification of approved
signatories (by list of named individuals or categories of staff) authorized to take technical responsibility
and legal responsibility for test reports on the laboratory's behalf.

4.8.3 Vadlidity of test reports

Instruction should be provided on action to be taken, in the event of doubts arising as to the accuracy or
validity of results in any test reports issued.

4.8.4 Transmission of test results

Instruction should be provided in the procedures to be adopted when clients request transmission of
results by means other than as written test reports.

4.9 Records

4.9.1 Records system

The quality system should include a statement that the aim of the laboratory is to maintain records

systems such that all information of practical relevance to tests performed is available for a defined
time period.

The laboratory should ensure that this statement defines records systems that will enable them to

identify sources of any error and where appropriate, repeat the test under conditions close to the
original.

Arrangements for coordinating the system through the laboratory and specific procedures for main-
taining records should be included.
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4.9.2 Information recorded

The quality system should include a iist of types of information heid in the records and identification
and location of laboratory documents, or computerized records, holding each type of information.

The quality system should also include a statement on the use of worksheets or workbooks to record
various types of observation, calculation or other relevant information. Any changes to data should be

recorded, authorized and the original results retained.
This statement should indicate that provision should be made in all worksheets and workbooks to

record all the information required by the test method in order that the test can be repeated under
similar conditions if necessary.

The quality system should include a statement of the procedure to be followed for recording, checking,
correcting, signing and countersigning observations and calculations.

4.9.3 Protection of records

The quaiity system shouid inciude instruction on protection of records, inciuding those heid on com-
puter.

4.9.4 Procedure for records

The quality system should include a statement of the procedure for retention of records including
observations and calculations, calibration certificates, test reports and test certificates. The period of
retention should be included.

4.10 Purchase of outside supplies and services
The quality system should include a statement of laboratory policy in relation to using outside supplies

and services of adequate quality with particular reference to goods certified by an accredited
certification system.

The quality system should also include a statement of general arrangements for ensuring that outside
supplies and services are of adequate quality for the laboratory's purposes and that the necessary
checks, calibrations or other actions are made on purchased goods before use.

4.11 Subcontracting of tests
4.11.1 Subcontracting policy

The quality system should include a statement of laboratory policy and general arrangements on the
subcontracting of tests.

This should emphasise that the laboratory's policy is to carry out all tests and only to subcontract in
special circumstances. In the event that an unaccredited laboratory has to be used, the quality manual
should indicate that the subcontractor will be assessed against the requirements of the quality system
before use by the laboratory.

4.11.2 Subcontracting register

Identification of laboratory documents containing a register of all subcontractors used, records of
assessments performed where appropriate, and a record of all subcontracted work should be main-
tained.
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4.12 Diagnostics and corrective actions

The quality system should include a statement of laboratory policy on handling of complaints and

anomalies. The action to be followed, and the records to be made, by staff who are authorized and in
the first instance receive complaints or identify anomalies should be included

Laboratory documents containing comprehensive records of complaints and anomalies and their
handiing shouid be identified.

The quality system should include a statement of the procedures for analysing the records and
proposing improvements to the quality system by the quality manager.

4.13 Quality audit and quality system review
4.13.1 Pumpose

The quality system should include a statement of the laboratory's aims in relation to quality audit and
review.

Audits (periodic checks carried out by or on behalf of management) should be ensured so that the
laboratory's policies and procedures as set out in the quality manual are being followed. All activities
and responsibilities covered by the quality system, including the performance of tests, should be
audited.

Audits should be performed as frequently as is necessary but the programme should ensure that each
aspect of the quality system is examined.

Review (examination of the quality system by or on behalf of management) should be ensured so that
the quality system complies with the quality standards on a continuing basis.

Reviews should be conducted as frequently as is necessary.

4.13.2 Responsibility

The quality system should include a statement of the responsibilities of the quality manager and any
appointed audit officers or deputies in relation to the planning, organization and conduct of quality
audits.

The laboratory should indicate who has been appointed as audit officer and that it is the policy to
choose an officer who is independent of the specific activities being audited. Laboratory staff are not
permitted to audit their own activities.

The quality system should include a statement indicating that it is the responsibility of the quality
manager to verify that all corrective actions required by audits have been completed and that reviews
are recorded in the quality system.

4.13.3 Implementation

“The quality system should include a statement of general arrangements for quality audit and quality
system review.

‘Included should also be a summary of any internal data-monitoring carried out by the laboratory, as

part of its quality system and a summary of the scope of any external organization performing quality
audit or assessment of the laboratory.
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4.13.4 Planning and documentation

Laboratory documentation containing records of the planning, implementation and outcome of the
activities referred to in 4.13.3 should be identified.

The quality system should include samples of forms used by the laboratory's programme for internal
quality audit, for quality system review, and where appropriate, for external quality audits and as-
sessments.

The quality system should include a statement of general arrangements for implementing checks on
the quality of results provided to clients by the use of internal quality control schemes, proficiency
testing, interlaboratory comparisons, reference materials, replicate testing and retesting.

5 Performance characteristics of analytical systems

5.1 General

Aftar the analvtical requirements [(see clause 6) h
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appropriate analytical system (see clause 7) is made
for the analytical system of interest.
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The description of each of the characteristics listed below should be provided whenever possible. The
first three are intended to give a qualitative impression of the procedure and the applications for which
it is known to be suitable and can be of value in deciding whether it is worth consideration. The
remaining items are all quantitative performance characteristics.

5.2 Substance determined

A clear definition should be given of the forms of the substance that are determined by the procedure
and also, when necessary to avoid ambiguity, those forms that are not capable of determination.

5.3 Types of sample

The types of sample for which the system has been evaluated and is known to be suitable should be
stated. If necessary they may be distinguished from types of samples for which the procedure may be
adequate, but for which the analyst should carry out appropriate tests before deciding on its suitability.

5.4 Basis of system

A brief and clear statement of the system should be given that summarizes the principles of the
procedure and describes any instrumental techniques utilized.

5.5 Range of application

The range of application corresponds to the lowest and highest concentrations for which tests of
precision and bias have been carried out using the system without modification. Where an extension
can be used to enable the examination of samples containing concentrations greater than the upper
limit, such as by analysis after dilution, then it should be regarded as a different procedure but whose
performance characteristics can be inferred from the values quoted for the original.
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5.6 Cadlibration function

The nature of the calibration function (the relationship between measured response and the quantity of
interest) obtained by the application of the system should be indicated and, if possible, an equation
should be quoted along with any concentration limits for its validity. An advantage of this is that
information is also given on the sensitivity of the procedure. This topic is discussed further in annex C.

5.7 Total standard deviation of analytical results

The total standard deviation of results is an aggregate of short-term (within-batch) and longer-term (bet-
ween-batch) sources of random error. It is a measure of the uncertainty which affects individual data
points produced by a given analytical system.

In general, the total standard deviation is of greatest interest in routine analysis and therefore is
normally quoted in the quantification of random error and should be accompanied by the relevant
number of degrees of freedom. Between-batch and within-batch standard deviations may also be of
interest and should be quoted if available. When estimates for a given concentration are available from
more than one source, then the range of these estimates should be described to indicate the
expectation that the quoted precision will be achieved by another analyst. Since the total standard
deviation typically increases with the concentration of the determinand, values at zero concentration
and the upper limit of the range of application should be quoted. (Further information is found in annex
C and clause 8).

5.8 Limit of detection

There has been much diversity in the way in which the limit of detection of an analytical system is
defined. Most approaches are based on multiplication of the within-batch standard deviation of results
by a factor (usually between 2 and 10, depending on the degree of confidence required for detection).

The limit of detection may thus be defined as that concentration of the determinand for which there is
95 % probability of detection when a single analytical result is obtained, detection being defined as
obtaining a result which is significantly greater (p=0,05) than zero. '

The magnitude of the limit of detection can be determined from the within-batch standard deviation, s,,
of results for a solution, such as a blank, containing a very small (preferably zero) concentration of the
determinand. s, is expressed in concentration terms so that the effects of calibration procedures on the
variability of results for determinations on low concentration samples are accounted for. The limit of
detection is given by 2 x /2 x t, . x s, where t, . is the tabulated value of Student's t (single-sided) at the
95 % probability level and for the relevant number of degrees of freedom (which should also be stated).

When a number of estimates of limit of detection is available from more than one source, the range
may be of interest and could be quoted (together with the number of degrees of freedom in each case).
Other indicators of measurement capability have been proposed, for example “limit of quantification' at
10s,.

5.9 Sensitivity

The sensitivity of the system is defined as the change in analytical response with changing concen-
tration of the determinand (at stated concentrations),

sensitivity = Slresponse)

S8lconcentration)
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5.10 Bias

The nature of any known form of bias should be summarized. Comparison of results obtained using the
system under consideration with those using reference procedures, and also the results obtained by the

I £ reifind
analysis of certified materials using the system under consideration are all relevant - but are often not

available.

The concentration of many determinands may change between sampling and analysis, and large
systematic errors may result. Sample stability is more fully discussed in 3.3.2 and clause 7.

Evidence concerning the magnitude of these systematic errors and the efficiency of measures to
eliminate them is required. Possible errors due to the inability of the system to measure all forms of the
substance as defined above, and any bias attributable to the methods of calibration and blank
correction, should be known and reported.

An important source of systematic error in results is the presence of constituents of a sample other than
the determinand that cause an enhancement or a suppression of the analytical response. The
evaluation of interference effects on analytical systems is described in 3.3.2 and annex A, and the
results of such evaluation should provide estimates of error at or near the lower and upper concen-

2T ToelitiialTe apPetl Lcoticell

tration limits of the system. These estimates should be available for each substance of interest
(interferents) at a concentration slightly higher than the greatest value expected in samples.

6 Specifying analytical requirements for water analysis

6.1 General

Careful specification of analytical requirements is a vital feature in the design of programmes of
sampling and analysis to assess water quality. A failure to pay proper attention to this topic can
jeopardize the validity of such a programme, since analytical results of inadequate accuracy can result
in false conclusions being drawn.

Particular attention should be paid to the following: Unambiguous definition of the determinand,
description of the sample, the concentration range of interest, the accuracy (trueness and precision)
required of results, and the expression of results.

6.2 Definition of the determinand

It is an obvious point, but worth emphasizing, that the determinand of interest should be defined
unambiguously. If this is not done, the analytical method employed may be inappropriate.

Many substances exist in water in a variety of forms or "species”, and most analytical systems provide
a differential response to the various forms. For example, when a separation of "dissolved” and
“particulate" material is required, special care is necessary to define precisely the nature and pore-size
of the filter to be used.

Particular care should also be exercised with non-specific determinands such as BOD or total organic
carbon (TOC), which are defined solely by the method used to determine them. Comparability of results
for such determinands from different laboratories demands that all use the same experimental
conditions of measurement.
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6.3 Description of the sample

A precise description of the type and nature of sample is important before the analytical system can be
chosen. The precautions to be taken when a sample is analysed will depend to a high degree on the
sampie.

6.4 Specification of concentration range of interest

The concentratlo n range of interest can have a marked effect on the choice of analytical technique; of

o ¢ smallast concentration of interest,
0 L} IU QT IGiITwvoL wwa

As an example, consider the determination of a substance subject to a water quality limit of 100 ug I -
the concentration of primary interest. The lowest concentration of interest will clearly be less than
100 pg I, but to set it at 0,1 pg I" would normally be unnecessary and cause needless analytical effort to
be expended. It is normal practice that the lowest concentration of interest be set at one-tenth of the
reievant iimit - i.e. at 10 pg i’ in the above exampie - aithough other considerations couid be appiied, if
appropriate.

It is also prudent to define the upper concentration limit of interest, but this is normally of limited
importance in selecting an appropriate analytical system, because recourse can always be made to
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dilution on any matrix effect should also be taken into account.
6.5 Specification of maximum tolerable random and systematic errors of analytical results

The following paragraphs illustrate a logical general approach to be adopted for specifying the maxi-
mum tolerable random and systematic errors of individual analytical results:

"The systematic error of individual analytical results should not exceed ¢ concentration units (for exam-
ple pg I') or p % of the result, whichever is greater."

"The random error of individual analytical results should not exceed ¢ concentration units (for ex-
ample pg I') or p % of the result, whichever is greater."

“The total error of individual analytical results should therefore not exceed 2c¢ concentration units (for
example pg I") or 2p % of the result, whichever is greater."

The values of ¢ and p should be chosen for each application, but a value of p = 10 may often be suitable.
It may at first sight appear large, but experience shows how difficult it is to achieve, for determinands at
trace concentrations in particular. Near the detection limit, p will increase to a value of 100 (depending
on the definition of the detection limit).

The random error (95 % confidence limits) is equal to twice the total standard deviation of analytical
results. (The factor is, strictly, 1,96 rather than 2, but the difference is so small as to be unimportant in

setting analytical requirements). Thus if p = 10, it follows that the maximum tolerable total standard
deviation, s, is 0,5p =5 %.

Very often the lowest concentration of interest, CL, is set to one-tenth of the concentration of primary
interest (for example water quality limits). The value of ¢ may usefully be set at one-half of CL. This has
the effect of making the tolerable total error at the lowest concentration equal to that concentration. The

maximum tolerable total standard deviation, s, is then 0,5¢ = 0,25CL (or 5 % of the result, whichever is
the greater).

Table 1 shows the effect of these recommendations, for a range of values of the concentration of
primary interest (for example water quality limits).
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Table 1: Exampies of the calculation of maximum tolerable errors of individual analytical results

Maximum tolerable errors

Water Total Systematic Total
quality standard error error
limit deviation
100 2,5 or 5 % of result 5,0 or 10% of resuit 10,0 or 20% of result
50 1,25 or 5 % of result 2,5 or 10% of result 5,0 or 20% of result
10 0,25 or 5 % of result 0,5 or 10% of result 1,0 or 20% of result

NOTE 1: All concentrations across the line are in the same units.

NOTE 2: Of the two values tabulated for each error, the larger applies for any given concentration.

The above recommendations regarding the setting of the lowest concentration of interest and the
maximum tolerable random and systematic errors are regarded as suitable for general water quality
monitoring to check compliance with most types of water quality standards.

The concept of "smallest concentration of interest" may not be applicable to some determinands - for
example pH - for which the expressions for the tolerable errors will usually need to specify only fixed
proportional or absolute errors.

A clear statement of the random and systematic errors of the analytical system should be available to
accompany each analytical result, for example expressed as standard deviation and recovery. The
number of significant figures should normally be the same for the results as for the analytical respon-
ses from which they were derived. For example, a useful rule is to make the last reported digit the first
digit of the standard deviation. As always, the uses of the data should be borne in mind. The units in
which results are expressed should be stated unambiguously.

7 Choosing analytical systems
7.1 General considerations

Sampling of waters and effluents is carried out in order to provide information on their qualities. This
information may be used for different reasons, for example

legal control of discharges;

environmental monitoring;

process-control of treatment plant performance;

evaluation of taxes and charges based on actual emissions.

The user's needs are of primary importance. The user of the information has the important responsi-
bility to define precisely the objectives of the measurement programme and to help to choose the
measurement techniques to be used. The following topics shall be defined in the measuring pro-
gramme:

a) definition of the quantitative information required;

b) definition of the determinands;
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c) location, time and frequency of sampling;

d) requirements for analytical results;

e) use of data and data handling routines, including statistical calculations;
f) introduction of a quality assurance programme.

In this clause it is emphasized that all analytical work should be based on a sound and precisely defined
measurement programme, providing the analyst with representative and stable samples. The inclusion
of a quality assurance system means that procedures are undertaken to produce data of stated quality.
This is partially attained by analytical quality control activities which keep random and systematic
errors within prescribed limits.

The following approach is purely practical, intended for routine use in laboratories.
7.2 Important factors in selecting analytical systems

Careful specification of analytical requirements is necessary to produce data of stated quality. Particular
attention should be paid to the following items, important in the subsequent selection of an appropriate
analytical system.

7.2.1 Definition of determinand

This is discussed in 6.2. At this point, it is worth emphasizing that the analyst's selection of an analytical
method should meet the user's definition of the determinand. Non-specific determinands need the use
of rigorously standardized analytical methods in order to obtain reliable and comparable resuilts.

7.2.2 The concentration range
This issue is discussed in 6.4.
7.2.3 Cadlibration and sensitivity

In order to convert analytical responses obtained for samples to concentrations of the determinand, a
calibration procedure is needed. The analytical procedure used for calibration should be identical to that
used for real samples, and the calibration procedure should prescribe exactly the standard solution,
number of concentrations, number of replicates, etc. The calibration curve indicates the range of
concentrations over which the procedure can be used (see ISO 8466-1 and ISO 8466-2). The calibration

normally includes the use of an analytical blank; any blank correction implied in the technique should
be stated.

The quality of water used in preparation of standard and blank solutions should be examined carefully.
The standard addition technique is used to overcome sample effects on the calibration curve. Methods
for the determination of non-specific determinands are calibrated by the use of ‘arbitrarily chosen
standard solutions, prescribed and exactly defined in the standardized method. Detailed instructions on
calibration procedures are given in [12], [18], ISO 8466-1 and 1SO 8466-2.

Sensitivity may be defined as the change in analytical response for a given change in concentration. It
does not indicate the ability to detect small concentrations.
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