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@ IS0 ISOnR 13530:1997(E) 

Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work of 
preparing International Standards is normally carried out through IS0 
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. IS0 
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 subject 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reviewed until the data they provide are considered to be no longer valid or 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 ISOnC 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 IS0 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. 

. . . 
III 
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~~~ 

TECHNICAL REPORT @ IS0 ISO/TR 13530:1997(E) 

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. I 

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 IS0 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 

4. 

5. 

Purpose 

Establish working 
group 

To plan and coordinate subsequent activity. 

I Define analytical 
objectives 

To ensure clear specification of analytical require- 
ments. 

Choose analytical 
1 methods/systems 1) 

To select methods/systems capable of the required 
accuracy. 

. . 2 ” 

I Ensure unambiguous 
description of methods I 

To ensure that the chosen methods are followed 
properly. 

Estimate 
within-laboratory 

precision and spiking 
recovery 

To ensure that each laboratory achi.eves adequate 
precision and to check certain sources of bias. 

Ensure accuracy of 
standard solutions. 

Preliminary check on 
interla boratory bias 

To etiminate this source of bias in each t’aboratolry 
and to prepare fuE& more detailed bias checks. 

Set up quality control To maintain, a continuing check on analytical perfor- 
* charts mance in each laboratory. 

Undertake tests of 
interlaboratory checks 

To ensure that each laboratory achieves adequately 
small errors. 

accuracy using control 
’ charts and regular 

interlaboratory tests 

To ensure long-term control of the accuracy and- 
comparability of analytical results. 

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 IS0 maintain registers of currently valid International Standards. 

IS0 5667-l : 1980, Water quality - Sampling - Part 7: Guidance on the design of sampling programmes 

IS0 5667-2:1991, Water quality - Sampling - Part 2: Guidance onsampling techniques 

IS0 5667-3:1994, Water qualify - Sampling - Part 3: Guidance on the preservation and handling of 
samples 

IS0 8466-l: 1990, Water quality - Calibration and evaluation of analytical methods and estimation of 
performance characteristics - Part 7: Statistical evaluation of the linear calibration function 

IS0 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 

IS0 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 resultsz). 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, cx Since exact measurement of the standard deviation generally requires an infinite 
number of repeated results, only estimates, s, of owill 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, p, as n is increased indefinitely. When p differs 
from the true value, T, results are said to be subject to systematic error or bias, 8, where: 

/3=p-T 

Because an indefinitely large number of determinations cannot be made on a single sample, the effect 
of random error prevents exact determination of p, and hence also of 8. Only an estimate, X, of p will 
generally be available, so that only an estimate, b, of /3 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. 

The analytical system is the combination 
producing analytical results from samples. 

of all factors - analyst, equipment, method, reagents, etc. involved in 
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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) 

b) 

d 

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. 

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 toe be used 
in their determination should be clearly specified. 

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 
intetferents 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 calibration function (explicit or implicit) 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 any variations in the correctness of the calibration from batch to 
batch will be manifested as between-batch random errors). 

If, however, samples and calibration standards are treated differently, this can 
represent a p.otentially serious source of error. Thus, for example, a method 
prescribin.g some form of pre-concentration of the determinand from samples, but 
employing direct calibration with standa$rds not taken through the pre-concentration 
step, will 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 
calibration, or the difference in treatment of samples and standards eliminated. 

Impurity of the material used to prepare calibration standards is, of course, another 
potential cause of biased results. 

d Biased blank 

The same considerations as in d] above appb to b&~~+ks, There isE, Hoover, another 
source of bias arising f&m bllank correction, !f the water used for the bEank c.ontaEns the 
determinand, results for samples wiEB be biased I&M by a,n equi&&nt an~unt W&SS a 
correction for the determinand content of the blank water is a.pplied, ldealLy~ howe~er,~ a 
source of blank water should be obtained, su.ck that, the: determinand emtent is 
negligible in comparison with the concentration in s;~mpIes.. 

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 quality system should be formalized in a quality manual which should 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 

5 

Organization and management. 

Quality system, audit and review. 

6 Personnel. 

7 

8 

9 

Accommodation and environment. 

Equipment and reference material. 

Measurement, traceability and calibration. 

10 Test methods. 

11 Handling of calibration and test items. 

12 Records. 

13 Certificates and reports. 

14 

15 

Subcontracting of calibration or testing. 

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 
relation to q uality of service. 

include a statement of the intentions of the laboratory management 

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 

Details of job descriptions, qualifications, training and experience should 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 quality 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; 

@ IS0 

laboratory policy and general arrangements for en suring the 
rights and information, and for other aspects of site security. 

protection of proprietary 

4.4.4 Staff qualifications and training 

The quality system should include a statement of the laboratory’s general criteria for engagement of 
staff and their assignment to respective duties and list the relevant academic and/or professional 
qualifications, training and experience of key managerial, technical and other staff. 

The q uality system shou<Cd include a statement of the laboratory’s procedures for defining in 
which ~ members of staff are authorized to use equip Iment or perform specific calibrations or tests 

writing 

The quaMy ,system should include a statemen!& &the) Faboratory’s policy for the use of staff undergoing 
training including their supervision. 

The qualIi system should include. a statement as to the maintenance, a~c~ib$lE~ 
records relating to staff competence, q,uaIifications, training and experience. 

4.5 Testiig environment 

4.5.1 Laboratory testing environment 

Samp lies, reage nts and stan dards should be sto Ired so as to ensure their integrity. The laboratory should 
guard against d eterioration, contamination and loss of identity. 

and location of all 

Special care may need to be taken in some laboratories, for example those involved in trace a.nalysis,. ln 
such cases, .it would be expected to see physical separation of high level and tow leveE work. Where 
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 disturbances of environmental laboratory conditions should be 
established. 

4.5.2 Iuboratory housekeeping 

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

4.53 Saff 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 
equipment used in the laboratory. 

an operating programme for the maintenance and calibration of 

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.) 

4.63 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 
be fully documented an d validated before use. 

and maintained. The computer software should 

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 Identification of test samples 

@ IS0 

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

4.7.3 Condltlon 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 
test for the retention and/or safe disposal of test items 

procedu res to be ado pted after completion of the 

4.0 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 Authorlzatlon 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 Validity of test reports 

Instruction should be provided on action to 
validity of results in any test reports issued. 

be taken, in the event of doubts arising as to the accu racy or 

4.8.4 Transmission of test results 

Instruction should be provided in the procedures to be adopted 
results by means other than as written test reports. 

when clients request transmission of 

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 
taining records should be included. 

system through the laboratory and specific procedures for main- 

12 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 13

53
0:1

99
7

https://standardsiso.com/api/?name=970f18f70cd14fb76e03d795add22780


lSO/TR 13530:1997(E) 

4.9.2 Information recorded 

The quality system should include a list of types of information held 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 quality system should include instruction on protection of records, including those held 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 
subcontracting of tests. 

statement of laboratory policy and general arrangements on the 

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 
handling should be identified. 

The quality system should include a 
proposing improvements to the quality 

statement of the procedures for analysing the records and 
system by the quality manager. 

4.13 Quality audit and quality system review 

4.13.1 Purpose 

The quality 
review. 

system should include a statement of the laboratory’s aims in relation to quality audit and 

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 
aspect of the quality system is examined. 

as is necessary but the programme should~ ensure that each 

Review (examination of the quality system by or on behalf of mana,gement) should be ensured so that 
the quaFity 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 
care 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. 

Mcluded should also be a summary of any internal data-monitoring carried out by the laboratory, as 
.patt 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. 

4.13.5 Quality control systems 

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 

After the analytical requirements (see clause 6) have been established, the establishment of an 
appropriate analytical system (see clause 7) is made easier if adequate performance data are available 

. for the analytical system of interest. 

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 d efinition should be 
and also, when necessary to 

given 
avoid 

of the forms of the substance that are determined by the 
ambiguity, those forms that are not capable of dete rminati 

procedure 
on. 

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 
procedure and describes any instrumental techniques utilized. 

5.5 Range of application 

that summarizes the principles of the 

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 Calibration 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 (prO,O5) 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 d2 x too5 x s,,,,where foo5 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 
1 OS,. 

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 = G(resPonse) 
&oncentration) 
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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 
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. 

5.11 Interferences and matrix effects 

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- 
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 ana’lytical 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. 

17 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 13

53
0:1

99
7

https://standardsiso.com/api/?name=970f18f70cd14fb76e03d795add22780


ISO/TR 13530:1997(E) @ IS0 

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 
sample. 

6.4 Specification of concentration range of interest 

The concentration range of interest can have a marked effect on the choice of analytical technique; of 
primary concern is the smallest concentration of interest. 

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 ug I-‘, but to set it at 0,l ug F’ 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 
relevant limit - i.e. at IO ug I-’ in the above example - although other co~nsiderations could be applied, if 
appropriate. 

It is also prudent to define the upper concentration limit of interest, but this is. normaBLy of limited 
importance in selecting an appropriate analytical system, because recourse can always be made. to 
dilution if the concentration in a sample lies above the upper Cimit of the system’s range. The. effect of 
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 
mum tolerable random and systematic errors of individual analytical results: 

“The systematic error of individual analytica I results 
ple ug I“) or p % of the result, whichever is g rester.” 

for specifying the maxi- 

should not exceed C concentration units (for exam- 

“The random error of individual analytical results should not exceed c concentration units (for ex- 
ample ug I“) or p % of the result, whichever is greater.” 

“The total erro r of individual analytical results should therefo 
example ug I-‘) or 2p % of the result, wh ichever is g rester.” 

re not exceed 2c conce ntration units (for 

The values of c and p should be chosen for each application, but a value of p = IO 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, I,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 c 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 0,5c = 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: Examples of the calculation of maximum tolerable errors of individual analytical results 

Water 
quality 

limit 

100 

50 

I:05 

Maximum tolerable errors 

Total 
standard 
deviation 

2,5 or 5 % of result 

I,25 or 5 % of result 

0,25 or 5 % of result 

Systematic 
error 

5,0 or 10% of result 

23 or 10% of result 

0,5 or 10% of result 

Total 
error 

IO,0 or 20% of result 

5,0 or 20% of result 

I,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; 

@ IS0 

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 results. 

7.2.2 The concentration range 

This issue is discussed in 6.4. 

7.2.3 Calibration 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 IS0 8466-l and IS0 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], IS0 8466-l and IS0 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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7.2.4 Types of samples and possible interferences 

Most analytical techniques produce accurate results with standard solutions at the optimal concen- 
tration. Relevant information should include the types of sa,mples (fresh water, sea water, waste water, 
etc.) for which the method is suitable. Samples high in particles a,nd suspended solids often cause 
problems, especially in automated analytical systems using extremely small sample volumes. Coloured 
or turbid samples offer problems in photometric determinations of COD and TOC. The potentially 
important role of sample types in water analysis should be recognized. The analyst needs information 
as complete as possible on sample types, concentration levels and possible interferences., 

A measurement programme, for example a river survey, may often include a high number of very 
different types of samples. For this reason, routine analytical laboratories often prefer robust, multi- 
purpose analytical techniques applicable to a broad range of samples. 

The relation between the concentration of the determinand and the interfering substances needs to be 
considered. For example, it is extremely difficult to determine 4ow COD values in the presence of 
chlorides or to determine small concentrations of organically bound nitrogen in samples with high 
levels of organic substances. 

7.2.5 Accuracy (trueness and precision) required of results 

The general term accuracy is 
of the total displacement of a 
6.5. 

used to refer to trueness and precision combined. 
result from the true value, due to both random and 

Accuracy is 
systematic 

a measure 
errors. See 

Results from interlaboratory tests may be useful in choosing analytical systems. Consistently accurate 
results in such tests often indicate an analytical approach which is robust. It is often important for a 
laboratory to keep a high level of quality in day-to-day routine operation. A strict adherence to a quality 
control programme is necessary, using reference substances where possible to check trueness and 
control charts in order to keep precision under control. 

7.2.6 Practical considerations 

The agreed measurement programme, including the quality assurance programme, should be able to 
produce data that are documented thoroughly, scientifically sound and of known quality. As noted 
above, in selection of analytical systems the emphasis should be put on accuracy. 

When discussing the requirements with the user and selecting suitable analytical systems to fit the 
measuring programme, the following practical points should be considered: 

- the frequency of sampling and the total number of samples on each occasion; 

- the maximum period between sampling and analysis, in relation to sample stability; 

- the maximum period between sampling and the user’s need for the results; 

- the volume of sample available; 

- automatic or manual techniques; 

- equivalent analytical methods; 

- robustness and description of the proposed method; 

- applicability of the proposed method in the laboratory concerned with respect to cost, speed, etc. 
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Regarding these practical considerations, factors such as convenience, speed and cost may .have a 
great influence on the final selection of analytical systems. When analysis is required infrequently, it 
may be necessary to adopt a different approach from that used for regular, frequent determinations. It 
is still essential th.at the most appropriate action is taken to ensure control of the measu,rement process 
and to provide an estimate of analytical accuracy. See clause 12. 

7.2.6.1 Sampling and sample stability 

General guidelines on these matters are given in IS0 5667-1, IS0 5667-2 and IS0 5667-3. 

7.2.6.2 Automatic or manual techniques 

The analyst has also to decide which. techniques are most suitable: automatic or manual analysis. 
Generally, both techniques have. about th.e same trueness but the automatic variant normally shows a 
better precision. Automated systems or other advanced instruments often use very small sample 
volumes and need special techniques in order to get representative subsamples. Advanced. instru- 
mentation, for example atomic absorption techniques, may be sensitive to sample matrix effects. 

7.2.6.3 Alternative analytical methods - Methods of equivalent performance 

In many cases, the use of a particular analytical method is prescribed, normally referring to a man,ua# 
technique in a national standard method. This may lead to practical difficulties; advanced I~~~cNRI~&DJ$&~ 
prefer the use of automated systems and a small laboratory at a treatment plant ~IEF#+ZIB a s$npl%ed 
technique for daily control of discharges. The concept of “equivalent ar~&%&aB rr~H&odsP’ m.eans that 
laboratories. are allowed to use different methods provided t.ha% i& iis shown that adequate~ performance 
is obtainedi The precision and trueness for both methods on i&mtieaP samples a:re determined and. 
compared, these tests should be performed on relevant conc.entrati’ons a.nd types of s.amples. 

7.2.6.4 Robustness and description of method 

A “robust” or “rugged” analytical procedure means a procedure which is so des,igned that the accuracy 
of analytical results is not appreciably affected by small deviations from the experimental d.esign 
prescribed by the analytical method. The use of robust procedures is of great help to achieve reliable 
results in routine laboratories. The most robust procedure is the preferable choice, if the pr.scedure 
meets the user’s requirements. There is no simple numerical vaI>ue indicating the robustness, but 
results from intercalibrations may help to illustrate the robustness of different procedures. Special 
responsibiLty falls on those who improve or standardize methods to produce robust techniques. 

The need for complete and clear specification of analytical procedures should be ,stressed. The method 
should specify all details regarding analysis, equipment, calibration, calculation of results, etc., and also 
include any details on sampling, sample handling and preservation, any digestion step or other specific 
pretreatment of samples. Any optional operations should be specifically noted. 

In addition to the description of the procedure any published or “standardized” method should prefe- 
rably co,ntain (or give references to ) detailed and complete information on ail factors mentioned above, 
such as determinand, concentration range, limit of detection, trueness and precision, calibration, inter- 
ferences, robustness, etc. 
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7.2.6.5 Applicability of methods 

Most routine laboratories have a set of “standardized” methods in day-to-day operation. As noted 
above, these methods may be characterized as robust, multipurpose analytical techniques, applicable 
to a broad range of sample types. In using these methods the laboratory should have experience, tested 
equipment and well-trained staff. The system incorporating these methods have well known 
performance characteristics, for different concentrations, sample types, interference,s, etc. There is often 
information from intercalibrations and control charts. Such methods are to be preferred, provided that 
they meet requirements. It is also impractical for a routine laboratory to have too many methods for the 
determination of identical determinands. 

If the routine methods do not meet requirements, the introduction of improved procedures and new 
instrumentation should be discussed. But it should be emphasized that introduction of new techniques, 
new instrumentation and training of staff are highly time consuming activities. Any discussions on the 
application of improved procedures should be initiated long before the start of the corresponding 
routine measurement programme. In order to reach a stated level of analytical quality, the new 
procedures should be in routine operation for some time before start of the real measurement pro- 
gramme- 

7.3 Stepwise procedure to select analytical techniques to be used in a measurement 
programme 

In establishing a measurement programme, including decisions on sampling, analysis and treatment of 
data, all aspects and parts of work are inter-connected. All important factors in selecting analytical 
techniques can be discussed in a stepwise procedure. A check-list composed of sequential stages may 
be useful. However, it is important to note that some decisions may require a change in this process at 
a later stage. The final programme often is a compromise between what is desirable and what is 
practicable. As noted above, all analytical work should be based on a defined measurement 
programme, providing the analyst with stable and representative samples. It should be emphasized that 
all analytical quality control activities should be performed in connection with an overall quality 
assurance programme. 

Sequential stages in the decision process are as follows: 

a)Define use to be made of data, determinands of interest. 

b)Establish type, nature and number of samples. 

c)Set accuracy requirements. 

d)Choose analytical methods, considering determinands, accuracy, concentrations, types of samples 
and interferences. 

e)Choose sampling techniques and sample pretreatment procedures. 

f)Define AQC activities 
interla boratory tests. 

such as use of reference substances, control charts and participation 

g)Define data handling and data reporting. . 

h)Define the analytical systems, considering all points mentioned in clause 7. 

i)Define and introduce a quality assurance system, including I aboratory and data audits, in order to 
maintain a stated level of quality through out the programme period. 

i) Use aud 
return 

it results for corrective 
to the previous stage. 

actions and make any necessary changes in the analytical systems, 
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8 Initial tests to establish performance of analytical system 

8.1 General 

Once a method has been chosen for a particular application, it is necessary to test the performance of 
its routine operation. The emphasis should be placed on an examination of the performance of the 
whole analytical system, of which the method is only a part. All the components of the analytical 
system - ‘instrumentation, analysts, laboratory facilities, etc. - should be critically examined before 
routine analysis is started. 

This clause describes the approach recommended for the experimental estimation, and when neces- 
sary reduction, of errors; this stage should be completed before any samples are analysed and may be 
called “preliminary error estimation”. Subsequent quality control activity may be termed “routine 
quality control” and is dealt with separately. 

8.2 Preliminary estimation of errors 

8.2.1 Systematic error 

The estimation of likely bias should already have been made in the initial evaluation of the technique. It 
will usually be impossible to check many of the most important sources of bias when a method is used 
routinely for the first time. A check on some sources of bias, by means of a spiking recovery, is included 
at this stage. 

8.2.2 Random error 

The estimation (and, when necessary, control) of random error is an essential precursor to routine 
analysis. Preliminary tests provide the necessary evidence that the precision of routine data is ade- 
quate, and form the basis for routine quality control. 

8.3 Precision tests - General experimental design 

Precision is likely to deteriorate as the experimental conditions pertaining to successive replicate 
determinations become more and more different. Thus, the precision obtained in one batch of analyses 
is often better than that of results spread over a longer period of time. Estimates of precision from one 
batch of analyses may, therefore, give an overoptimistic idea of the precision of results produced 
during routine analysis. 

For this reason, precision should be estimated from analyses taken from separate batches, spread over 
a suitable period. The duration of this period is a matter of choice and depends on which sources of 
random variation are to be assessed. Testing to give at least IO batches of analysis is recommended if a 
reliable estimate is to be obtained. 

The approach described in this clause allows the total random error to be separated into random error 
arising from variations within and between batches of analysis. This information is of value in indicat- 
ing the dominant sources of random error. Estimates of within-batch standard deviation are pooled 
from all batches and so provide an indication of what is achievable on a regular basis. 

The basic approach iS l to make n determinations on a representative group of samples in each of m 
bate hes of analysis. In deciding on suitable values for n and 173, care is required for two reasons. 

Too few analyses will not provide a worthwhile estimate of standard deviation. The 
uncertainty on an estimate of standard deviation depends on the number of associated 
degrees of freedom. Designs of test which are likely to provide estimates of standard 
deviation with fewer than 10 degrees of freedom may prove uninformative. 
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It is desirable to design the test so that a satisfactory estimate of the dominant source 
of error is obtained. For example, if between-batch error is likely to be dominant, a 
design where n = 10 and m = 2 will give a relatively precise estimate of the less 
important source of error, but will estimate the dominant source of error very im- 
precisely. A more appropriate design would be for n to be made small and m large. 

The experimental design recommended for general use is to make n = 2 and IT) = 8 to 10. Such a design 
provides estimates of within- and between-batch standard deviations with approximately equal 
numbers of degrees of freedom. This design should be modified as indicated by knowledge of the 
analytical technique. In particular, when within-batch errors are assumed to be dominant, values such 
as n = 4 and m = 5 could be chosen. This has the merit of reducing the number of batches of analysis 
which need to be conducted, whilst (given the assumption is correct) providing a reasonably good 
estimate of total standard deviation. The product mn should not be less than 10 and should be 
preferably 20 or greater. Analysis of 11 batches of duplicate samples will guarantee that the estimates 
of total standard deviation will have at least 10 degrees of freedom. 

8.3.1 Samples to be analysed 

8.3.1 .l Design of test 

It is clearly essential that the solutions used for tests of precision show no appreciable changes in 
concentration during the period in which portions of them are taken for analysis. The solutions should 
also be sufficiently homogeneous that the concentration of the determinand is essentially the same in 
each portion of a solution. Water samples may sometimes be inadequately stable to allow tests over 
several days (adequate sample stability can sometimes be achieved by suitable preservation 
techniques, but these should be used only if specified in the analytical methods of interest). 

It is convenient to use standard solutions when estimating precision. Standards of any desired con- 
centration can be obtained, so that a range of concentrations is available for the estimates of precision; 
real samples of the desired concentration may not be available. However, the analyst should also have 
estimates of the precision for water samples as it should not, in general, be assumed that standard 
solutions and water samples can be analysed with the same precision. Therefore, precision estimates 
for samples and standards should normally be obtained. 

For these 
the same 

tests, standard 
way as normal 

solutions and samples should be analysed, 
routine samples. 

measured and evaluated in exactly 

When the limit of detection is of interest, a solution containing essentially none of the determinand 
should also be included. In many cases, the blank determination is suitable. 

These various requirements may seem rather complex, but the worked example shows that they may 
be simply resolved. Clearly, the greater the number of different solutions included in the tests, the 
greater the information obtained on precision, but a, compromise with the effort required will often be 
necessary. As a guide to the minimum number of solutions, it is suggested that the following test 
samples should be included in each batch of analysis. 

8.3.1 .l .l Two 
of interest. 

standard sol utions or samples at concentrations near the upper and lower conce ntrations 

8.3.1 .1.2 When standard solutions are used for 8.3.1.1.1, one water sample near the average concen- 
tration in samples. 

8.3.1 .1.3 A spiked water sample; the sample analysed in 8.3.1.1.2 with the addition of a known quantity 
of determinand. If estimation of precision at a variety of different concentrations is of key interest, the 
level of the spike should be chosen so that the final concentration differs from those of the other 
solutions. Otherwise, it is advisable to make as large an addition as the initial sample concentration and 
the range of the method will allow. 
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8.3.1.1.4 Whenever an estimate of limit of detection is required, n replicate blank samples should be 
analysed. A blank sample, as distinct from an analytical reagent blank, is a natural sample which 
contains no determinand. It may not be possible to obtain a sample which approaches this ideal. For 
most determinands, under these circumstances, an analytical blank solution may be used as a sub- 
stitute. If precision at the blank level is known to be dependent on the sample matrix, it will be 
necessary either to use a blank sample which contains the determinand (and risk a likely overestimation 
of limit of detection) or to take steps to remove the determinand from a sample so that it may be used 
as a blank. When, as with some chromatographic techniques, no response is obtained for a blank, it is 
recommended that a blank is spiked with enough determinand to produce a measurable response. This 
can form the basis for an estimate of limit of detection. (The measured values should not, of course, be 
used for blank correction) 

In any event, at least a single analytical blank Per batch should be included as one of the solutions 
analysed to allow calibration. 

8.3.1.2 Precision tests for unstable samples 

The si mplest approach to the design of precision 
of the tests and use the Ise without preparing fresh 

tests is to prepare all sam ples for analysis at the start 
aliquots for each batch of analysis.’ 

This is satisfactory provided there is no sample instability. The possibility that sample instability may be 
present rules out the direct estimation of between-batch standard deviation and may call into question 
the assessment of within-batch standard deviation. Further discussion is reported in [18]. 

8.3.2 Statistical techniques and calculations 

8.3.2.1 Randomization 

Randomization of the order of analyses should normally be used to eliminate the effects of any 
systematic changes in factors that cannot be controlled, and which might otherwise cause false 
conclusions to be drawn. 

8.3.2.2 Rounding of data 

It is usually desirable to record the primary experimental results with the greatest discrimination 
possible; three significant figures should be aimed for, except when near the limit of detection when 
only one or two will often be possible. 

8.3.2.3 Calculating analytical results 

Standard deviations should be calculated from the set of results for each sample. Thus, for each 
solution analysed, two results are available from each batch, corresponding to the first and second 
portions of the sample to be analysed. These results should, if necessary, be blank corrected using the 
analytical blank for the appropriate batch. The within-batch standard deviation of the blanks is used to 
calculate the limit of detection. 

8.3.2.4 Estimating precision 

It is useful to obtain estimates of the within-batch and between-batch standard deviations, sw and sbl 
respectively. These two estimates are needed to allow an estimate of the total standard deviation, stl to 
be obtained. A statistical technique known as “analysis of variance” is used. The theoretical basis of the 
technique is described in statistical texts, but in the present context it may be taken simply as a 
convenient means of calculating So, s,, and So. 
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8.3.2.5 Testlng standard devlations 

If the total standard deviation should not be significantly greater than some tar 
ratio test, at a specified significance level, is used. However, an estimated 
freedom, Of’, for the total standard deviation should first be calculated. For 
batches: 

‘get value, 2, a variance 
number of degrees of 
n results in each of IT) 

DF= 
m(m - l)[M, + (n - I)&]* 

nzhzf + (m - l)(n - l)Mi 

where MO and AI, are the within-batch and between-batch mean squares, respectively, obtained from 
the analysis of variance (see 83.3). The calculated value for DF may be nonintegral; if this is so, the 
nearest whole number should be used for Win the following test. 

The variance ratio F = st2/Z is calculated, (clearly, this calculation is not needed if st 5 Z) and compared 
with the tabulated value F,, using DF and = degrees of freedom for the numerator and denominator, 
respectively. The value of a appropriate to each situation should be used; a value of 0,05 should usually 
be suitable for analytical applications. st is taken to be significantly greater than Zif the calculated value 
for Fis larger than the tabulated value. If it is found that st is significantly greater than Z, steps should be 
taken to identify and eliminate the important sources of error. If st is appreciably greater than Z but not 
significantly so, it is desirable either to carry out more tests to obtain a better estimate of st or to 
attempt to reduce the most important sources of error. 

Variance ratio tests may also be used to test whether within-batch standard deviations are significantly 
greater than given target values. The general procedure is as for the total standard deviation, but the 
experimental estimates of the within-batch variances have m(n-1) degrees of freedom. 

8.3.2.6 Evaluation of “spiking recovery” 

Consider the example where n determinations of both ‘spiked’ and ‘unspiked’ samples are made in 
each of rr) batches. To show that the mean recovery does not differ significantly (at the significance 
level a) from (100 + D) % (where D is the accepted limit for recovery) of the amount added, the 
following procedure is used. 

The recovery should be calculated from the difference between the results for the n pairs of ‘spiked’ and 
‘unspiked’ samples in each batch. The mean recovery, Ret, should be calculated from the men results. 
Also the standard deviation, s, of the n, mean recoveries should be calculated for the IT) batches. Let the 
amount added for ‘spiking’ be d (in the same units as Ret). The mean recovery is then acceptable if: 

Ret > (l,OO-0,Ol D)d - se t2Jm” (for Ret < 100 %) 

Ret < (1 ,OO+O,Ol D)d + se t2JmlR (for Ret > 100 %) 

where t2, = Student’s twith (m-l) degrees of freedom, at the 2a probability level. 

(Further discussion of recovery testing is given in 8.4.) 

8.3.3 Analysis of variance 

This calculation identifies the different sources of variation and allows the estimation of total standard 
deviation. It is a standard statistical operation and is most conveniently performed by computer. Details 
of manual calculation are given in most statistical textbooks. 
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As stated above, analysis of variance is used to give two statistical parameters, the within- and 
between-batch mean squares, M, and M,, respectively. The mean squares are then compared to 
determine whether M, is significantly greater than MO, that is, whether there is a statistically significant 
between-batch source of error. The results of an analysis of variance are usually presented in the form 
of a table, a general example of which is given in table 2. 

Table 2: General analysis of variance 

SJ[m(n- I)] = M,, 

Total nm-1 
i=l J=l 

Where: 
n 
m 

‘;; 

xi 

number of replicate analyses within a batch 
number of batches of analysis 
overall mean value 

mean of ith batch 

Xij = jth replicate analysis in fib batch 

%I 

*b 

Ml 

MO 

within-batch standard deviation 

between-batch standard deviation 

between-batch mean square 

within-batch mean square 

8.3.3.1 Examples of calculations 

In order to illustrate the principle of this relatively simple application of analysis of variance, details 
of calculations using a calculator with standard deviation function are given. It assumes that the 
caiculator is used to compute mean results and standard deviations only. The remainder of the 
calculation is also shown. 

A practical way of carrying out the analysis of variance is presented below. 

m = Number of batches = 10,indices for batches, i= l...m 
n = Number of repeats within each batch = 2,indices for repeats, j = 1 . ..n 

- Calculate the batch means (Xi ) and standard deviations (S,i) from the n repeats for each of the m 
batches. 

- Calculate the pooled estimate of the within-batch variance s,* 

SW2 = (Ci s,,,,,*)/n is the best estimate of the true within-batch variance, oW2, with m(n-1) 
degrees of freedom. 

- Calculate the variance of the batch means, So,,,* 

S 
bT 

* is the estimate of ob2 + (ow2/n) with (m-l) degrees of freedom; 
ob is the variance of the between-batch random error; 
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- Test with F-test to see if the between-batch variance is significant, i.e. if it is significantly larger 
than within-batch variance. 

F = s,,*/(s,*/n), which is the estimate of [q,’ + (o,*/n)]/(o,*/n) with (m-1) and m(n-1) degrees 
of freedom for the numerator and denominator respectively. 

- If the test is significant, variance of the between-batch error can be estimated as 

sb2 = sbm2- (s,,,,*/n) 

- The estimate of the total variance of a single determination, if s, is significant, is 

St2 = sb2 + s,Z = sbm2 + (n-l ) s,‘ln 

otherwise s,* = s,* if s,= 0. 

NOTE: M,, the between batch mean square produced by computer analysis of variance is equivalent to 

n s,,*; M,, is equivalent to s,*. 

EXAMPLE 1 

Pooled variance s,* = 135,6 is the estimate of oW2, the within-batch variance, with degrees of freedom, 
DF= 10. 

Variance of means sbm2 = 10’1,5 is the estimate of q,* + &,*/2) 

The means are affected by the between-batch and within-batch error. In estimating the variance, the 
latter has to be divided by the number replicate analyses, 2 in this case. 

The significance of ob can be tested with an F-test. 

s L bm 

F - = 

%v* 

- L a,2 + kw2/2H I bIw212~ 
= 1,497 < F (95 %) = 3,02 (9 and 10 degrees of freedom) 
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This is not significant with 9 and 10 degrees of freedom, and it can be concluded that the estimate of 
the between-batch variance 

sb* = sb,* - (s,2/2) = 101,5 - 135,6 / 2 = 33,7 and DF= 0,7, i.e. ry 1 

is not significantly different from zero and it is accepted that the hypothesis ab = 0 and the total 
standard deviation st= sW= 11,6. 

EXAMPLE 2 

Batchr -5, 1 xi2 1 7 1 swi 

1 293 296 
2 293 291 
3 282 281 
4 293 292 
5 296 293 
6 301 299 
7 291 295 
8 ’ 286 263 
9 291 291 
10 295 i 291 

294,5 
292,0 
281,5 
292,5. 
294,5 
300,o 
293,0 
274,5 
291,0 
293,0 

4,5 
2,o 
0,.5 
Of5 
43 
zo 

1 8,0 
~ 264 

0 
8,O 

Pooled within-batch variance estimate s,* = 29,45 , DF= 10. 

variance of the batch means Sbm2 = 53,11, DF = 9. 

F-test 
F = S,,'/(S,*/2) = 3,61 

which is significant with m-l = 9 and m(n-1) = 10(2-l) = 10 degrees of freedom. Since the test 
exceeds the F-table value of 3,02 at 95 % confidence level, the between-batch standard deviation is 
significant compared with the within-batch standard deviation and can be estimated as 

s,* = sbm2 - (s,2/2) = 38,39 DF = 4,4 u 4 

The total variance of a single determination is 

s** = s,* + SW2 = 67,84DF= 13,7 w 14 

Thus the results are: 

Error estimate Case A Case B 

% II,6 5,43 

Sb 0 6,20 

St 11,6 8,24 
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8.3.4 Calculation of degrees of freedom by the Satterthwaite formula 

The number of degrees of freedom associated with the ‘total standard deviation’ estimate is 

8.4 Recovery tests 

8.4.1 Principle of test 

The object of the test is to identify bias from certain sources occurring in the analysis of real 
samples. A known quantity of the determinand is added to a real sample, forming the spiked 
solution, and the two are analysed, the difference in concentrations found being used to calculate the 
recovery. This is repeated n times and the mean differences compared statistically with the 
theoretically expected recovery. 

8.4.2 Analysis of results 

Since the spiked solution is made up by adding a fixed quantity of standard solution to a fixed 
quantity of real sample, the calculation of its recovery can be made, as follows: 

Standard solution: volume v, concentration c (known) 
Real sample: volume V, concentration u (measured) 
Spiked sample: volume (v + V), concentration s (measured) 

Recovery, Ret, is the percentage of the added determinand which is determined. 

Ret = [s(v+Wuv]xloo%/(cv) 

It should be emphasized that Ret, calculated from man val 
each batch), is only an estimate of the true mean recovery. 

ues (i.e. m batches, n replicate analyses in 

The standard deviation, s, is calculated from the m daily mean recoveries (each calculated from two 
replicates); s refers therefore to the standard deviation of m daily mean recoveries. 

The standard error, sRec, of Ret is calculated from 

S Ret = s/-dm 

where m is the number of values on which s is based. The standard error is, in fact, the standard 
deviation of an estimate of the mean (as opposed to the standard deviation of a single observation). 
The true mean can be expected to lie within * too5 s Ret of the estimated Ret with 95 % confidence. 

In the test of acceptability, the normal requirement is that Ret is not outside the range of 95 % to 
105 %, and that a recovery is unsatisfactory when it is 95 % certain that it does not comply with that 
condition. 
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8.4.3 Interpretation 

It should be noted that the spiking recovery test is fairly limited in the information ,it yields. For 
example if bias is found in the standard solution results, it is quite probable that it will also occur in 
the spiking recovery results and yield no additional information. It only assumes importance when 
significant bias does not occur elsewhere. In this case, the implication is a cause of bias in the real 
sample only, and this usually implies interference proportional to the concentration of the 
determinand. (Clearly an interference effect of absolute magnitude would not affect the difference 
between spiked and real samples). In the case of unsatisfactory spiking recovery, it is advisable to 
check the precision of the real and spiked results, particularly if the spiked solution has not been 
freshly prepared for each analysis. If either of the two solutions shows signs of deterioration, this 
could easily produce an unsatisfactory spiking recovery. 

8.4.4 Worked example 

A water sample was analysed in duplicate before and after spiking on each of 10 days. The results 
are given in Table 3. 

Table 3: Example of recovery with spiked sample 

Day. Real Spiked Recovery Batch 
sample sample 0 / 0 mean 

mg/l mg/l recovery 
OO / 

1 7,5 15,0 82,5 
7,5 17,0 102,5 92,50 

2 6,5 15,5 96,5 
8,O 16,0 88,O 92,25 

3 9,O 17,0 89,0 
8,5 15,0 73,5 81,25 

4 7,5 17,5 107,5 
80 16,5 93,0 100,25 

5 80 ( 17,0 98,0 
9,O l7,5 94,0 96,00 

6 63 16,0 101,5 
7,O 15,0 87,0 94,25 

7 83 16,0 83,5 
7,5 16,0 92,5 88,OO 

8 9,0 17,0 89,0 
84 17,5 98,5 93,75 

9 9,O 16,0 79,0 
84 16,5 93,0 86,OO 

10 7,5 17,5 107,5 
9,O 18,0 99,0 103,25 

Mean W 16,475 92,75 
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The spiked solution was made up of 10 ml of standard solution, of 100 mg/l concentration, made up 
to 100 ml with real sample. 

Therefore 

If the true I 

and 96,52. 

(using the equations given above): 
Mean recovery, Ret = (sum of daily means)/10 = 92,75 % 
Standard deviation, s, of 10 daily means = 6,506 % 
Standard error = s/d10 = 6,506/3,1622 = 2,058 % 

mean is 92,75 %, then 90 % of estimates of that mean would lie in the range: 
92,75 k (1,833 x 2,058) where 1,833 is from Student’s t distribution, that is, between 88,98 

The observed recovery is therefore not significantly (a=O,O5) outside the range 95 % to 105 %. 

9 lntralaboratory quality control 

9.1 General 

The previous clause deals with the evaluation of the capabilities of an analytical technique in order to 
judge its likely suitability for a particular application. This clause describes the procedure to be adop- 
ted when the system is put into routine use. The progression from choosing a method (whether on 
the basis of published data or by in-house testing) to its use in routine analysis involves a change in 
perspective. In the former case, the choice of method is often looked at in isolation; in the latter, the 
emphasis is usually transferred to an examination of the performance of the whole analytical 
system, of which the method is only a part. All the components of the analytical system - 
instrumentation, analysis, laboratory facilities, etc. - should be examined critically before routine 
analysis is started. The emphasis given to the choice of method is, however, not unwarranted since 
this is usually the factor in the analytical system which is of crucial importance and, of course, it is 
the one with which there is likely to be the greatest flexibility. 

Having chosen an analytical system capable of being used to produce results of adequate accuracy, 
the next stage is to establish control over the system and to monitor routine performance. The aim is 
to achieve a continuing check on the errors in routine analysis. This provides both a means of detec- 
ting error as results are produced and a demonstration of the accuracy of data. 

Within-laboratory quality control thus involves two stages. 

Experimental estimation, and when necessary reduction, of error; this stage should be 
completed before any samples are analysed and may be called “preliminary error 
estimation” (8.2). 

When a method has been put into routine use, regular checks should be made to ensure 
that control over the system is maintained; this stage is termed “routine quality control”. 
The principal tool in routine quality control is the control chart. 

9.2 Terms relating to within-laboratory quality control 

Control sample: Sample material whose analytical results are used to construct control charts, for 
example, standard solutions, real samples, blank samples. 

Control value: Value entered on the control chart. 

Response value: Value obtained by application of the measurement process. 

Analytical result: Value reported as defined in the method. It is derived from the response by 
application of the calibration. 

.33 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 13

53
0:1

99
7

https://standardsiso.com/api/?name=970f18f70cd14fb76e03d795add22780


ISOflR 13530:1997(E) @ IS0 

9.3 Control of accuracy 

The total error associated with an analytical result has components of random and systematic errors. 
Both these sources of error can be controlled on a routine basis. Inaccuracy or analytical error is 
untrueness and imprecision, i.e. a combination of random and systematic errors. 

It is not sufficient for a laboratory to adopt a suitable method, check its performance initially and 
assume that thereafter the results produced will be of adequate accuracy. The chosen method should 
be subject to routine tests to ensure that adequate performance is maintained. 

The control of accuracy can be carried out using control charts. The simplest form of control chart is 
one in which the results of the individual measurements made on a control sample are plotted on a 
chart in a time series. 

This type of chart (for example see figure 2) provides a check on random and systematic error (from 
the spread of results and their displacement). It is an easy procedure to be used by the analyst 
because it is simple to plot and no data processing is needed. It is useful when the size of analytical 
batches is variable or when batches consist of a small number of determinations. Ind,ividual result 
charts are used widely and often form the mainstay of a laboratory’s approach to control charting. 

However, this type of chart may produce false out-of-control values if random error does not folkw 
the normal distribution. For these reasons, a range of rn:ore specialized types of chart has. been 
devised. These are described below. 

25 
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Estimated standard deviation = I,30 (used to construct chart) 

Figure 2: Example of Shewhart control chart 
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9.4 Control of trueness 

One way of assessing systematic error is to participate regularly in interlaboratory trials. 

As a routine procedure for controlling systematic error, the use of Shewhart 
the mean, spiking recovery and analysis of blanks is recommended. 

9.4.1 Mean control chart 

For trueness co Introl, standard 
analysed usin tg a Shewhart chart 

control charts 

solutions, synthetic samples or certified real samples may 
of mean values. 

on 

The analysis of standard solutions serves only as a check on calibration. If, however, solutions with a 
synthetic or real matrix are used as control samples, the specificity of the analytical system under 
examination can be checked, provided an independent estimation of the true value for the 
determinand is available. 

The respective control sample should be analysed a fixed number of times in each batch of samples 
and the mean result entered in the mean control chart. 

It is advisable to analyse certified reference samples (if suitable ones are available and are not too 
expensive) with routine samples as a check on trueness. A restricted check on systematic error by 
means of recovery control charts is often made instead (9.4.2). 

9.4.2 Recovery control chart 

The recovery control chart is used as a check on systematic errors arising from matrix interferences. 
A separate control chart for each type of matrix is required in water analysis, because samples of 
strongly varying matrix composition, such as surface water, municipal and industrial waste water, 
may be subject to errors of differing sizes and natures. 

The recovery control chart, however, provides only a limited check on trueness because the recovery 
tests will identify only systematic errors which are proportional to determinand concentration; bias 
of constant size may go undetected. 

9.4.3 Blank control chart 

The blank control chart represents a special application of the mean control chart. 

The blank control chart may help to identify the following sources of error: 

- contamination of reagents; 

- contamination of reaction vessels and of the measurement system; 

- instrumental faults (for example baseline drift). 

It is appropriate therefore, to analyse a blank solution at the beginning and at the end of each batch 
of samples. The blank values thus obtained are then entered on the blank control chart. 
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9.5 Control of precision 

9.5.1 General 

There are four ways of controlling the precision of analytical results in routine analysis: 

- use of a range control chart (9.5.2); 

- replicate determinations (9.5.3); 

- standard addition (9.5.4); 

- use of the mean control chart (9.4.1). 

9.5.2 Range control chart 

A range control chart is used to control the precision of an analytical method. In addition, it allows 
some assessment of errors caused by calibration drift. The standard deviation for a certain analytical 
result can be estimated from an existing range control chart, provided the matrix of the sample 
under examination is similar to that of control samples chosen for the range control chart. The range 
of the sample in question may also be determined and entered on the control chart as well, in order 
to prove that an out-of-control situation does not exist. 

Estimation of the standard deviation, s, from range control charts: 

where 
d, is a factor (see table 4) and 
E is the mean range 

Table 4: d, values 
& 

n 

2 
3 
4 
5 
6 
7 
8 
9 
10 

d 2 

1,128 
1,693 
2,059 
2,326 
2,534 
2,704 
2,847 
2,970 
3,078 

I where n is the number of replicate analyses in 
each batch (reference 5) 

9.5.3 Estimation of precision with replicate analysis 

It is highly recommended that the analyst perform replicate analyses of the sample in question to 
obtain higher reliability of the final result, especially in those cases where the contravention of a 
threshold value is to be proved. From the data obtained, the standard deviation valid for the matrix in 
question can be estimated. 
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Additionally, the performance of replicate determinations offers two further advantages: firstly, 
coarse errors (outliers) can be detected, and secondly, the analytical error can be reduced. 

A number where n > 6 is recommended. - 

The standard deviation is calculated as: 

s= 
(Xi -57)* 

(n - 9 

for replicate measurements 

9.5.4 Standard addition 

The estimation of the standard devi ation from the 
help to identify a matrix-dependent imprecision. 

range control chart, or with replicate analysis, can 

The application of the method of standard addition, whilst helping to control untrueness, can tend to 
degrade precision compared with direct determination. This is the price paid for control over 
systematic error. The method of standard addition should be applied with caution. It is essential that 
the linear range of the method be established. 

9.6 Principles of applying control charts 

9.6.1 Choice of control samples 

The choice of control samples depends on the matrix, the analytical method and the accuracy 
required. Advantages and disadvantages of the several types of control samples are described in [13] 
and [16]. 

9.6.2 Construction of control charts 

9.6.2.1 Construction of mean and blank control charts 

9.6.2.1.1 Prelimlnaty estimation of standard deviation 

. . 
At least 20 mean control values, xi are required for a trial period to estimate the following tentative 
control parameters. They are obtained by analysing the control sample on at least 10 working days in 
duplicate (see clause 8). 

From the control values xi (n 2 20) estimate the statistical parameters: 

xi (mean of the replicate analyses of the fib batch); 
mean (x); 
standard deviation (s); 
upper warning limit and lower warning limit (UW, LW) = (5) k 2s; 
upper action limit and lower action limit (UA, LA) = (x) k 3s; 

- 1 i=n 
x =- 

c 3 n 
i=l 
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The control chart is constructed in a coordinate system with the ordinate “concentration” and the 
abscissa “time of analysis” and/or “batch number”. The numerical values for mean, warning limit and 
action limit are plotted on the ordinate and drawn as lines parallel to the abscissa in the control 
chart. 

9.6.2.1.2 Routine operation 

The control value should be obtained at least once per batch of analyses. The frequency with which 
control values are obtained within a batch is the responsibility of the laboratory and should be 
related to the risks of important errors and the seriousness of their likely cons,equences. At intervals 
chosen by the analyst, the control chart should be examined for changes in mean and standard 
deviation. 

In the long-term operation of a control chart, the question arises whether or not to update the 
estimate of mean and standard deviation used to generate the action and wal;ning Limits and, if so, 
how this might best be done. The guiding principle should be that the chart i& intended to detect 
(with known risks of making the wrong decision) departures from the existing state of statistical 
control. Including the latest data in the overall estimates of mean and standard deviation may not be 
sufficient to allow this aim to be fulfilled. 

There are two approaches to monitoring for changes: 

9.6.2.1.2.1 Review of the last 60 data points 

It is assumed that the last 60 data points are a homogeneous set and that the issue is whether or not 
‘these points are of the same precision as that implied by the initial choice of control limits. 

It is also assumed that the normal practice is to base the action and warning limits on a mean and 
standard deviation derived from all available data points (including the latest). Data points 
corresponding to “out-of-control” situations for which a definite cause has been identified should not, 
of course, be included in the calculations. 

Review the last 60 data points on the chart. If there are between 1 and 6 (inclusive) cases where the 
2s warning limits have been exceeded, there is no clear evidence that the precision of analysis has 
changed. No revision of the chart is required except, as usual, the incorporation of new data points 
into the estimates of s and p. 

If there are either no cases where the warning limits have been exceeded or more than 6 cases, it 
may be concluded with approximately 90 % confidence that the.precision has changed (improved or 
degraded, respectively) and that a revision of the action and warning limits is needed. 

In this case, recalculate the control 
60 points and proceed as usual. 

limits on the basis of the mean and standard deviation of the last 

Whenever new control limits are calculated as a result of a change in precision, review the new 
standard deviation (and where appropriate the bias implied by the new mean) against the accuracy 
targets which apply to the analyses in question. Take corrective action if necessary. 

‘:The above procedure need not be carried out every time a new data point is generated. This check 
.‘;on the validity of the current control limits might be worthwhile after, say, 20 successive points have 
&een plotted - though any obvious changes in the operation of the chart would warrant immediate 
:concern. 
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9.6.2.1.2.2 Comparison of consecutive control periods 

This approach involves comparison of mean and standard deviation values 
periods of predefined length. 

from different 

Mean-f-test between the xvalues of two consecutive periods 

A test of difference of the variances (F-test) for the two periods, and before and after updating 

Statistically significant differences between two consecutive periods may indicate a change in 
analytical quality (better or worse). Any change should be reviewed with respect to the accuracy 
requirements. 

9.6.2.2 Construction of recovery control charts 

The design and the criteria of decision of the recovery control chart are similar to those of the mean 
control chart. 

9.6.2.2.1 Preliminary tests 

For the constructio 147 of a recovery control cha rt it is recommended to run a trial period of tests, or to 
obtain an estimate of the relevant parameters from the performance tests described in clause 8. 

The control variable to be plotted is Ret, 

Ret, = ( xa - x0) 100 / ca . 

where 

xO 

is the analytical result (for example concentration) of the determinand in the spiked 
sample; 

is the analytical result (for example concentration) of the determinand in the original 

is the concentration or mass respectively of the spiked 
negligible dilution of the sample by the spiked addition. 

determinand. This assumes 

After completion of the trial period the following statistical characteristics are derived from the 
recoveries Ret, (n 2 20): 

mean recovery Ret ; ( 1 
standard deviation of the mean recovery (sRec); 
upper warning limit and lower warning limit (UW; LW); 
upper action limit and lower action limit (UA; LA). 

Calculation: 

ReC=+zReci(%) 
i=l 

= n 
c 

Reci 

=I 
n-l 
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UW = Ret + 2s~~~ 

@ IS0 

LW = Ret - ~SR,, 

UA = Ret + 3s~~~ 

LA = Ret - 3s~~~ 

9.6.2.2.2 Further processing 

The recovery chart is constructed and maintained in the same way as described in 9.6.2.1. For the 
calculation of the statistical parameters, x and s should be replaced with Ret and sRec, respectively. 

9.6.2.3 Construction of range control charts 

At least 20 control values (n 2 20) are required for the pre-period. Control value is the relative range 
Rrel,: 

Rrelj = 
Xi max - Xi min 

If i 

l 100 (%) 

where j is the jth batch of i replicates 

- 1 i=n 
Xi =- 

c 3 n 
i=l 

xi is the individual analytical result of the respective control sample; 

n is the number of replicate determinations of the respective control sample. 

After the completion of a preliminary test period, the relative range values Rrel, (n 2 20) are used to 
calculate the following statistical parameters: 

. 

Rrel = $g Rrelj(%) 
j=l 

UA = xrel l DuA (%i) 

LA = &-el l Du (%) 

Several calculation models may be used to estimate the action limits for this type of control chart. 
For application in routine work it is recommended that only the upper action limits (UA) be 
calculated. When performing replicate determinations (duplicate to six-fold), the lower action limit 
(LA) is identical with the abscissa (zero-line). 
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The numerical values for the factors DUA and DLA are: 

Duplicate Three-fold 
determination determination 

Four-fold 
determination 

Five-fold 
determination 

DuA (P=99,7 %) 3,267 2,575 2,282 2,115 

DLA (P=99,7 %) 0 0 0 ’ 0 

NOTE: For further numerical values for the factors DUA and DLA refer to ASTM z(l976). 

9.6.3 Interpretation of control charts, out-of-control situations 

The quality control chart is intended to identify changes in random or systematic error. 

The following criteria for out-of-control situations are recommended for use with Shewhart charts: 

- 1 control value being outside the action limit; or 
- 2 consecutive values outside warning limits; or 
- 7 consecutive control values with rising tendency; or 
- 7 consecutive control values with falling tendency; or 
0 10 out of 11 consecutive control values being on one side of the central line. 

The following out-of-control situations apply to the range type of control chart if: 

- a range Rrel,falls outside the upper action limit; or 
- a range Reel, falls below the lower action limit (valid only for LA > 0); or 
- 7 consecutive control values show an ascending/descending tendency; or 
- 7 consecutive control values lie above the mean range Reel. 

A cyclic variation of ranges may be observed, for example, by a regularly scheduled maintenance of 
an analytical instrument or by re-preparation of reagents. 

9.7 Conclusions 

9.7.1 Measures to be taken in out-of-control situations 

An out-of-control situation occurring on a control chart implies that an important error might apply to 
the analysis of the routine samples. It is very important to identify and eliminate the cause of the 
error in order to maintain control over the performance of the analytical system. For fast and 
effective identification of the source of analytical error, the approach described in the following 
subclauses is recommended. 

9.7.1 .l Elimination of gross errors 

The analysis of the control sample is repeated, strictly following the analytical method and avoiding 
possible gross errors. If the new result of the control sample shows that the method is under control 
again, it may be assumed that the method of analysis had not strictly been observed on the previous 
batch of analyses or that a gross error had occurred. The entire batch should then be re-analysed. 

If, however, the result of the analysis of the control sample is erroneous but reproducible, a 
systematic error is very likely to exist. 
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9.7.1.2 Elimination of systematic errors 

To check for systematic errors, several different trueness control samples are analysed. To detect 
errors depending on the reagents or the method, control samples, should be used whose concen- 
trations cover the entire measuring range. As a minimum, a trueness control sample in the lower 
and one in the upper part of the working range should be used. In the event of a systematic error 
with results predominantly being higher or lower than the actual values, a step by step examination 
should be performed to find the reason for this bias. Exchanging experimental parameters, such as 
reagents, apparatus or staff, might help to identify quickly this type of error. . . 

9.7.1.3 Improving precision 

The precision can also be improved by a step-by-step ap,proach to find the causes of random error. 

The tota I precisi 
steps to find the 

on 
on 

of an analytical method can be 
e which contributes most to.&@ 

impzo.uw$ by i& 

9.7.2 Plausibility control 

There could be errors which may not be detected by a statistical a#p,proach to quality control, In; most 
cases, this concerns errors influencing individual analyses in a batch, but not ones before or after, 
This type of error can only be revealed by means of plausibility controls - checks on the observed 
value in relation to expectations based on previous knowledge. Such knowledge may be based on 
chemical consideration, for example checks on the equivalence of anions and cations in a sample, or 
on prior expectation, for example that COD will be greater than BOD. 

A successful approach to plausibility 
av ailable. The procedure of ptausibility 

control 
control 

requ 
may 

ires that appro P 
be subdivided i n 

riate 
two 

backg 
parts: 

round information is 

- Information/harmonization 

- Control (details may be found in [13]. 

Plausibility control may form a worthwhile additional check to supplement routine AQC. A large 
proportion of failures on the basis of plausibility controt (which is not mirrored by routine AQC) 
suggests an inadequate routine system of quality control or a system which is not stable in its 
operation. 

9.7.3 Further corrective action 

In the event of repeatedly occurring out-of-control situations being detecte:d in the control charts, the 
initial tests for implementation of analytical quality control, as described in clause 8, should be 
performed with the matrix in question, if the out-of-control situations cannot be remedied by simpler 
actions, such as exchange of vessels, apparatus or reagents. 

10 

10 . 

Quality control in sampling 

1 General 

Careful attention to the soundness of sampling and sample handling systems is essential if data of 
adequate accuracy are to be obtained, and it is therefore necessary to ensure that appropriate control 
tests are applied to these aspects of the overall process, as weII as to analysis. Whilst many issues 
concerning sampling and sample handling lie outside the scope of this Technical Report, it is fitting 
to complete this Technical Report with an outline discussion of several important aspects of routine 
control testing of sampling and sample handling. 
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It is emphasized that, as with the analytical stage, the initial selection of soundly based sampling 
procedures is of fundamental importance. indeed, given the difficulty of assessing by practical tests 
many of the potential errors which may arise during sampling, the need for careful initial selection of 
equipment and procedures is probably even more crucial than in analysis. Similarly, control tests of 
sampling and sample handling have the same basic objectives as their counterparts in analysis, 
namely to ensure that any important deterioration of the accuracy of results arising from these steps 
is detected as rapidly as possible, so that corrective action can be taken. 

In addition to general “good practice” aspects of routine quality control in sampling (for example 
checks and preventative maintenance on sampling equipment), the specific control tests described 
below should be considered and put into practice wherever appropriate and practicable. A guiding 
principle in their application is that a sound approach to quality control should cover as many 
potential sources of error as possible in sampling and sample handling. 

10.2 Routine tests on effectiveness of cleaning sampling vessels and sample containers 

Whilst field blanks (see below) give some check that such vessels and containers do. not cause 
important contamination of samples, laboratory tests have the advantage that they can be routinely 
undertaken before sampling is performed; thus, if contamination problems are revealed, they can be 
rectified before sampling, thereby saving potentially wasted effort and resources. 

10.3 Field blanks to provide routine checks on contamination 

Field blanks are samples of (typically) deionized or distilled water which are taken into the field and 
treated, so far as possible, in exactly the same way as real samples. The exact details of the 
approach to be followed will, therefore, vary according to the particular system being controlled, but 
field blanks should generally be subjected to the same preparatory steps (such as filtration and 
centrifugation) as are applied to real samples, and should subsequently be handled, preserved and 
stored in the same way. 

10.4 Field controls to provide routine checks on sample stability 

In situations where, despite careful initial selection and testing of equipment and procedures, the 
stability of samples is in question, it can be useful to prepare control samples of known determinand 
concentration and treat them, so far as possible, in exactly the same way as real samples. Such a 
control sample may be prepared by dividing a typical sample into two and making a known addition 
to one portion. The recovery of the added determinand verifies that sample preservation, transport 
and storage are satisfactory and that loss of the determinand - by adsorption or evaporation of 
volatile components, ,for example - is adequately controlled. 

10.5 Duplicate samples to provide routine checks on sampling precision 

Collection and analysis of duplicate samples can provide ev 
collection and handling to overall ran dom error. 

!idence on the contribution of sample 

10.6 Control chart of field blanks 

A routine chart of field blanks may be a valuable way of monitoring control over sample contami- 
nation. 
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-10.7 Conclusions 

Control samples of types 10.3, 10.4 and 10.5 bear similarity to some of the analytical control samples 
described previously. Indeed, when analysed they will inevitably cover the sources of analytical error 
controlled by those samples (as well as the potential sources of error in sample collection and 
handling that they are specifically intended to control). However, their use should not be regarded as 
a substitute for the use of the relevant analytical controls, because they can only be fully effective in 
controlling errors in sample collection and handling if the analytical process itself is under separate 
and effective control. 

11 lnterlabor@ory qualily control 

11 .l General 

The design of an interlaboratory test and the way in which the results are interpreted should take 
account of the context in which the test is performed; it should reflect the aims of the analytical work 
to which it relates. It is particularly important, before an interlaboratory test is organized, that the 
objectives be carefully examined. Such considerations will form the basis of the approach which 
should be adopted and will provide both the rationale for laboratories’ participation and the basis for 
an acceptable means of interpreting the data produced. 

As far as the individual laboratory is concerned, the usual reason for taking part in an inter-laboratory 
test is to supplement its within-laboratory quality control as a means of detecting and guarding 
against undiscovered sources of error. 

The aims of interlaboratory testing may be divided into two groups: collaborative studies and 
proficiency testing. Within both groups, several subgroups may be-identified. The most important of 
these are discussed below. 

11 .l .l Aims of interlaboratory tests 

11 .l .l .l Collaborative study to test capabilities of an analytical method 

A collaborative study is an essential feature of the validation of a candidate method for 
standardization. Such a study will show whether the method allows a suitably chosen cross-section 
of experienced laboratories to obtain comparable results on the same samples. 

A collaborative study as such gives no help to individual laboratories which wish to identify (and 
where necessary control the size of) the different sources of analytical error affecting their results. 
For this purpose, other types of interlaboratory test should be applied (see below). 

11 .l .1.2 Cooperative study to obtain a general picture of analytical errors existing in a group of 
laboratories (possibly with several methods) 

It might be necessary to estimate the accuracy of data produced by a group of laboratories which 
share a common interest. For example, the laboratories concerned might be contributing data to a 
monitoring programme or they may be the only ones analysing a given type of sample. In this case, 
the aim may be achieved by the simple approach of circulating samples for analysis. The number of 
samples distributed need not be great and the extra work requested of participating laboratories is 
relatively small. An approach which has been described in [24], known as the paired sample 
technique, provides a valuable means of summarizing the results of an interlaboratory test in 
graphical form. This has been widely used to give a picture of the size and to some extent the nature 
of errors between laboratories. 
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11 .l .1.3 Interlaboratory study to certify a standard reference material 

A special case of the use of interlaboratory tests is to arrive at a consensus (certified) value for the 
composition of a reference test material. This approach is only of value if a group of laboratories of 
proven expertise take part. 

11 .l J.4 interlaboratory study to establish a consensus value to a reference material 

Reference materials, in contrast to certified reference materials (CRM) are not traceable to national or 
International Standards. Thus the establishment of a consensus value for these materials is of more 
restricted scope than for the certified reference materials and does not require such rigorous choice 
of participants. 

11 .l .1.5 Proficiency tests 

Proficiency tests are to ensure that each laboratory of a group of laboratories achieves an acceptable 
standard of analytical accuracy - that analytical errors are controlled within adequately small bounds. 

This is the objective towards which most programmes of interlaboratory testing are directed, either 
explicitly or implicitly. As the complexity of interlaboratory tests - in terms of the numbers and types 
of samples distributed and the work required of laboratories taking part - is increased, it becomes 
possible to draw more conclusions concerning the sources and nature of errors which may be 

. present. On the basis of this knowledge it is then possible to direct efforts towards achieving the 
desired level of accuracy. In achieving this objective, the importance of a sound programme of 
within-laboratory quality control cannot be over stated. As given above, the interlaboratory test 
supplements within-laboratory activity, providing a means of detecting and guarding against 
undiscovered sources of error and acting as a demonstration of the accuracy achieved. 

11.2 Between-laboratory quality control 

Since laboratories following the recommended approach to quality control will have first controlled 
their random errors, attention will need to be directed towards systematic errors. Interlaboratory 
tests are costly to organize and should preferably be undertaken only when the activities described in 
earlier clauses of this Technical Report have been successfully completed. 

It is highly desirable that results from interlaboratory tests organized in different regions or by 
different organizers are comparable, and it is therefore recommended that international protocols 
and standards be used. 

11.2.1 Features of interlaboratory tests 

Whatever the purpose of an interlaboratory test, there will be certain common issues which should 
be considered. Guidance cannot be given here which is appropriate in all cases, but participants in or 
the organizers of interlaboratory tests may find it useful to consider the following points. 

11.2.1.1 General considerations 

- organization 
- general information to participants 
- determinands of interest 
- number of participating laboratories and how they are selected 
- the way the test is financed 
- timetable for analysis and reporting. 
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11.2.1.2 The test sample(s) 

@ IS0 

- type of sample 
- number of samples to be distributed 
- range of concentration of determinand(s) to be covered by the samples sent out; range of interest 

to participants. 

11.2.1.3 Sample preparation 

- how to ensure sample homogeneity and stability 
- how to preserve the sample 
- whether or not to use sample concentrates 
- whether to use split-level samples or uniform-level samples 
- whether or not to use reference materials. 

11.2.1.4 Analysis and reporting 

- preparation of written instructions to be followed by participants 
- other information required from laboratories 
- number of replicate analyses required from each participant 
- choice of analytical method. 

11.2.1.5 Evaluation of the test 

- how to determine th 
- mathematical/statist 

e nominal or 
ical treatmen 

reference concentration 
t of the data 

- assessment of performance 
- performance criteria 
- form in which the test is reported. 

For further details, the following standards and guidelines can be consulted: AOAC (1975), 
IS0 5725:1990. Furthermore, accreditation bodies using the data from interlaboratory tests have 
requirements on the organization of such tests (WELAC 1992). 

12 Quality control for lengthy analytical procedures 

Some multistage analytical procedures, for example the determination of trace organic contami- 
nants, are capable of producing relatively few results at a time. This raises the question of how to 
implement quality control measures which were initially put into practice with high-throughput tech- 
niques. The argument that because organic analyses are time-consuming they should not be subject 
to performance tests of the same complexity as, for example, nutrient determinations is unsound. 

An analytical result which takes hours to produce should be supported by performance and quality 
control information of at least the same reliability as that associated with “simple” determinations. 
Indeed, because trace analysis is subject to greater uncertainty and is more costly to repeat, it can be 
argued that proportionally more effort needs to be directed towards quality control. The maxim that 
relative few results of known and adequate accuracy are better than many results of unknown and 
probably inadequate accuracy remains true. 

It is essential, therefore, that the level of performance testing carried out for trace analyses is at least 
equivalent to that recommended in clause 8. The stated approach to tests of precision and recovery 
should not be regarded as an ideal only attainable under favourable circumstances. Rather, it is the 
minimum of testing which will provide a modestly reliable indication of performance. For trace 
analysis, there is a strong case for expanding the range of samples tested to include checks on 
precision and recovery from samples of differing matrices. Where limit of detection is of special 
interest, it is particularly important that an estimate is obtained from multibatch tests, rather than 
from replicate determinations performed on a single occasion. 
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. 
SI milarly, the approach to routin 
9. Particul ar attention should be 

e quality contra 
paid to the impl 

11 should foll ow the recommendations given in clause 
ementation of recovery control charts. 

12.1 Analysis carried out infrequently or on an ad hoc basis 

The procedures recommended for preliminary performance tests (clause 8) and routine quality 
control (clause 9) are most easily put into practice for analyses which are carried out regularly and 
often. It is necessary to consider what approach to quality control should be adopted for analyses 
which may be performed infrequently or which may be undertaken only once. The same 
considerations apply to analyses carried out over a short period in relatively few batches. 

Two main features distinguish this type of analysis from frequent, regular determinations. Firstly, 
any quality control activity is likely to take up a relatively large proportion of the total analytical effort 
compared with routine analyses. This is inconvenient and expensive, but it is a consequence of 
organizing analysis in this way. It should not be used as an excuse to avoid evaluation of the analyti- 
cal system. Any analytical system used to produce data should be tested to provide an estimate of its 
performance. Not to test would be to provide data of unknown accuracy. This is unacceptable to 
users of analytical data. Tests as described in clause 8 are recommended as a means of providing 
background performance data for all analytical systems. 

Secondly, it is not possible to establish and maintain a state of statistical control in relatively few 
batches of analysis. This is an important drawback of not carrying out frequent, regular batches of 
analysis. It may be a consideration why analytical work might be subcontracted to laboratories which 
have reason to perform the determination in question frequently. However, when analyses are 
carried out on a one-off basis the following approach is recommended. As a minimum, quality 
control measures should include: 

- checks on spiking recovery in the matrix of interest; 

- replicate analyses of samples; 

- use of field and procedural blanks; 

- confirmation of the calibration using material from an independent source; 

- use of reference materials (where an appropriate CRM is available) as blind controls. 

The proportion of samples analysed more than once should not be less than 20 % but could be as 
large as 100 % in the case of very small batches or highly important analyses. Single analysis of 
samples is an acceptable approach only when a state of statistical control can be established and 
maintained. 
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Annex A 
(informative) 

@ IS0 

Evaluation of interference effects on analytical methods 

A. 1 General 

This guidance is meant to provide bodies organizing interlaboratory collaborative studies with a 
statistical tool to assess the degree of interference of substances on an analytical method. 

One of the most commonly occurring types of bias in an analytical method, in the analysis of water, 
is the interference produced by substances other than the determinand. The magnitude of the 
interference depends on the results of effects of all individual substances causing interferences and 
any other substances that may affect the effects of such interfering substances. Interference may 
lead to positive or negative bias and the size of the effect may depend on the concentration of the 
determinand as well as that of the interferent. “Interference” can be best defined as follows: 

“For a given analytical system, a substance is said to cause interference if its presence in the 
original sample for analysis and/or in the sample during analysis leads to systematic error in 
the analytical result, whatever the sign and magnitude of the error.” 

If the magnitude of the interference effects is to be assessed for the 
tions of substances, two general and important points follow: 

In general, analytical methods suffering from as few interference effects as possible should be 
used. 

effects of individual or combina- 

- lt is advantageous to use analytical methods for which the principles and mechanisms 
known, so that likely interferences and their magnitude can be predicted. 

are well 

The final choice of analytical method generally depends on a number of other factors which need to 
be considered along with the above points. If the main aim is, however, to minimize the bias of 
analytical results, the importance of the above points cannot be over-emphasized. 

A means of continually monitoring for the effect of interference caused by other substances is to 
carry out spiking recovery tests. This is achieved by adding known amounts of the determinand to 
the sample under examination and assessing the recovery of that addition by carrying out at least 
duplicate analyses. It is not unreasonable to expect to achieve 100 % f 5% recovery for most 
determinands. 

A.2 Procedure 

If the bias Bik due to the presence of a given concentration of an interfering substance (k) for a 
determinand concentration of Cj is to be assessed, replicate analyses should be carried out on a 
solution containing only the substance and determinand at the specified concentration. The mean 
result Rjk is calculated and the estimation of bias is then given by: 

Bj~ = q.k 0 Cj 

If the calibration parameters for the method do not vary appreciably over a number of batches of 
analyses the above approach can be used. If these conditions do not apply a second approach 
should be adopted where n portions of a second solution containing only the determinand at a 
concentration Cj are also analysed at the same time and in the same way as the first solution 
mentioned above. If the mean analytical results for the solutions with and without the interfering 
substance are denoted by Rik and Rj, respectively, the estimate of bias Bjk is then given by: 

Bj~ = Rj~ 0 Rj 
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The advantage of using the second case is that the bias, Bj~ h.as been assessed using two results, the 
difference between which should only be attributable to the interfering substance. Using this 
approach there is not such a need for an accurate calibration and it is therefore the most appropriate 
means of testing bias caused by interfering substances. ’ 

To assess an interference effect and, as an analyst, be confident that an effect has been detected, it is 
important to consider the number of analyses that are required to make it both practical and valid. 
The main considerations are: 

a) Since the magnitude of the interference effect may depend on the concentration of the deter- 
minand the effect of any substance chosen for the test should be estimated for at least two 
determinand concentrations. It is suggested that the lower and upper limits of the concentration 
range of interest are studied if only two concentrations are tested. If there appears to be large 
discrepancies between these results then additional intermediate concentrations should also be 
tested. 

b) If a substance is present in a sample then the effect of that substance should be considered as a 
potential interferent. In this situation, the methodology and analytical system should be reviewed to 
decide if the effect of these substances can be considered as negligible and to be deleted from the 
list of possible interfering substances. Substances with concentrations less than the determinand 
may also produce significant interferences and should be tested. It is impractical to test for the effect 
of all substances present in complicated matrices such as water and numbers of substances can and 
should be reduced by using literature reviews and consideration of the methodology. 

c) The effect of the substances identified above should be estimated experimentally at concen- 
trations slightly greater than the expected maximum level in samples. Substances causing 
appreciable interference should be tested at other concentrations. 

It should be remembered that any effects produced have only been estimated at the concentrations 
chosen for the test for a particular sample matrix and if other sample types are analysed using that 
method, the interference information obtained may not be applicable and other tests should be 
carried out to determine if there is an effect and to what level. A second problem may be that an 
effect may occur at concentrations less than the concentration level tested. Knowledge of the 
physical and chemical mechanisms should identify substances which may cause interference at 
lower concentrations. Of course the major problem is that the larger the number of substances to be 
tested the greater the analytical effort. The final difficulty to be mentioned is that the magnitude of 
an effect caused by a substance may depend on the concentration of a second substance. Again, 
detailed knowledge of the analytical method should provide sufficient information to identify likely 
effects caused by interaction of those substances. It is useful to test the effects of a few 
combinations of at least the major components of samples. 

A.3 Experimental design 

Analytical results are subject to both within- and between-batch random errors. The best 
experimental design is to estimate interference effects from tests within one batch of analyses. This 
assumes that interference effects do not vary with time; if they do, other considerations apply. A 
typical experimental design for one batch of analyses is shown in Table A.I. 
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Table A.1 - Example of experimental design for one batch of interference tests 

@ IS0 

Other 
substance 

- (j= 0) 
w(j= I) 
x(j= 2) 
yCj= 3) 
z<j= 4) 

Concentration of 
other substance 

Nil 

Concentration of 
determinand 

0 5 

S 00 S 10 

S 01 S 11 

S 02 S 12 

S 03 S 13 

S 04 S 14 

In this table Sj, denotes a sample with determinand concentration Cj and the kth other substance 
present at a defined concentration; k = 0 corresponds to no other added substance. 

Other batches of similar design would be analysed until all the substances at all concentrations and 
combinations of interest had been tested. 

Another way of reducing random error is to carry out at least two analyses for each solution, Sj,. The 
more analyses carried out the greater the reduction in random error. Generally duplicate analyses 
are acceptable. This provides, in addition to reducing random error, an estimate of those errors from 
the tests themselves. It is statistically possible to estimate the number of replicate analyses to carry 
out or obtain statistically acceptable results, but this often makes the test impractical if large 
numbers of analyses are required. 

A.4 Interpretation and reporting of results 

The estimation of the effect of the kth substance at the jth concentration of the determinand is given 
bY . . 

Bjk = Rjk - Rj 

where Rj~ is the mean analytical result for the solution containing the other substance, and Rj is the 
result for a solution not containing the other substance, but containing the same concentration of the 
determinand (which may be zero). 

When Bjk is calculated using this equation, blank-correction is not needed. The differences, Bj~, are 
the primary experimental estimates of the interference effects and it is strongly recommended that 
the individual differences be reported together with their limits at a defined confidence level for each 
concentration of determinand (i.e. level of j). The precision of analytical results is assumed here to 
depend on the concentration of determinand but to be unaffected by the presence .of the other 
substances. Table A.2 gives an example of a suitable format for presenting the results. 
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Table A.2 General format for presenting results of interference tests 

Effect of other substance 
Substance Concentration (for example as pg/l of 

of substance determinand) 
at a determinand 
concentration of: 
CO ‘i 

W cv B 01 B 
X Cx B 02 s:: 

Y C" B 03 B 
Z Cz B 04 s:: 

The results irn the table have 100 (l-a) % confidence limits, L, equal to the result k L, and result + Lj for 
the dkkrminand concentrations co and Cj respectively. 

The method of presenting the results shown in Table A.2 allows rapid examination to identify those 
substa.ncesX causing statistically significant effects - i.e. those for which Bok f L, and/or B,k 2 Li are greater 
than zero, The biases observed for such substances are directly recorded, may easily be converted to 
reMike effects if desired, and may also be easily assessed at other confidence levels if required. 
Furthel;, the table shows the’ results for any substances whose apparent effects have not achieved 

. statisticaf significance. 

The calculation of the confidence limits L, and Lj is performed as follows (assuming that precision is not 
affected by the other substances, that m replicate analyses are made for each sample, that n other 
substances are tested and that the means are normally distributed): 

A.4.1 Estimate variance, s2,,, for each solution from its m results 

2 
Sjk = 

( ~R.%)+R.ikl) 
m-1 

where subscript I refers to the /th replicate result for a sample. 

A.4.2 Combine all estimates of variance with a given value of j for each value of j to obtain pooled 
estimates of variance, S’j 

c 2 
‘jk 

2= j 
9 n+l 

When m = 2 the following equation can be used: 

2- Sj - 

A.43 Form the confidence limits, Lj, for the differences R,for each value of j 

Lj =t(*ST/nZ)1/2 

where t is the tabulated value of the t-statistic at the desired confidence level (for example t = 2,45 for 
a=0,05andn=5,m=2). 
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A.5 Worked examples of the use of interference testing 

AS.1 For a constant calibration 

A.5.1.1 Table of results 

Other substance Concentration of Concentration of 
other substance arsenic 
hg/l) @g/I 1 

Concentrations of arsenic 0 (COP0 Cc) 

Sodium fluoride 

Mean Rik 

50 ‘Oil Rlil 

0,15 19,42 

0,17 19,37 

0,14 19,47 

0,153 19,42 

AS.l.2 Calculation of interference effect 

Bj~ = Rik - Cj 

where Bjk = Interference effect of kth substance at jth arsenic level 

Rik = Mean result for kth substance at jth arsenic level 

cj = Concentration of arsenic at jth level 

Forc,=O s,=O.153-0 = 0,153 

For c, = 20 B,, = 19,42 - 20 = -0,58 

A.5.1.3 Calculation of confidence limits 

Estimate variance s’jt for each solution using: 

For determinand concentration of 0 pg/I (i.e. j=O): 

s’,, = (0,071 - 0,070 53112 = 0,000 23 

For determinand concentration of 20 pg/I (i.e. j=l): 

s’,, = (1 131,41 - 1 131,409)/2 = 0,002 5 

These values of ‘jt can be easily calculated using a scientific calculator. 
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A.5.1.4 Reporting of results 

These results should be reported in tabular form: 

Other 
substances 

Concentration of 
other substances 
hgll) 

Effect* of other 
substances, in 
pg As/l, at an 
arsenic 
concentration of: 

0 pg/l 20 pg/l 

Sodium fluoride 50 

(etc. for other potential interferents tested) 

0,153 -0,58 

* If the other substances had no effect, results would be expected to lie (95 % confidence limits) 
within the following ranges: 

0,000 f 0,02 for 0,000 Fg As/l 

20,OO A 0,08 for 20,OO pg As/l 

AS.2 For an unstable calibration 

A.5.2.1 Table of results 

Other substance Concentration of Concentration of 
other substance arsenic 
hg/l) @g/I 1 

Unspiked arsenic standard 
(Mean result R) i 0 (R,PO,O5 (R,) 

Sodium fluoride 50 R,,,R,,, 

0,1419,44 

0,16 19,42 

0,15 19,49 

Mean R, 0,15 19,45 

Sodium selenite OJ Ro21421 

-0,0820,18 

-0,0620,23 

-0,lO 20,19 

Mean Rj~ -0,0820,20 

A.5.2.2 Calculation of interference effects 

Bj~ = Rj~ - Rj 

For sodium fluoride (k=l): 

ROl = -0,08,therefore Bo, = 0,15 - 0,OO = 0,15 
4, = 19,45,therefore B,, = 19,45 - 20,05 = -0,60 
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For sodium selenite (k=2): 

Ro2 = -0,08,therefore Bo2 = -0,08 - 0,OO = -0,08 
R,, = 20,19,therefore B,2 = 20,20 - 20,05 = 0,15 

A.5.2.3 Calculation of confidence limits 

Estimate variance gjk for each solution using: 

gk - t 1 J . - 
m-l 

For sodium fluoride 

s',, = (0,067 7 

For sodium fluoride 

(k=l) and for an arsenic concentration of 0 pg As/l (j=O): 

- 0,067 5)/2 =O.OQorS 

(k=l) and for an arsenic concentration of 20 pg As/l (j=l): 

$,,= (1 134,910 1 - 1 134,907 5)/T = 0.0013 

Similarly, for sodium selenite (k=2) and for an arsenic, concentration of 0, ~&&I! ($kQ$: 

s',, = 0,000 4 

and for sodium selenite (k=2) an fi2r am ameaic co~mnt~rat$on, of 2@ p,g As/l (j=.l.): 

s',, = 0,000 7 

The pooled estimate of variance is given by: 

c Sjk 

S2 j 
= $ 

It+1 

Thus, for a determinand concentration of 0 I-19 As/l (j=O): 

s”, = 0,000 513 = 0,000 166 7 

and for a determinand concentration of 20 pg As/l (j=l): 

s’i = 0,002 O/3 =O,OOO 666 7 

The confidence limit Lj is given by: 

Lj =t(*SJ’Im)’ 

where t = 2,78 for a = 0,05 and n = 2, m = 3 

Thus, for a determinand concentration of 0 pg As/l (j=O): 

Lo =2,78~(2~0,0001667/3)~ =0,0293 

and, for a determinand concentration of 20 pg As/l (j=l): 

L, = 2,78 x (2 x 0,000666 7 / 3)s = 0,058 6 
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A.5.2.4 Reporting of results 

These results should be reported in tabular form: 

Other 
substances 

Concentration of 
other substances 
(mgll) 

Effect* of other 
substances, in 
pg As/l, at an 
arsenic 
concentration of: 

0 pgm pg/I 
Sodium fluoride 50 0,1500,60 

Sodium selenite 61 -0,080,15 

(etc. for other potential interferences tested) 
* If the other substances had no effect, results would be expected to lie (95 % confidence limits) 

within the following ranges: 

0,000 + 0,0293 for 0,000 pg As/l 

20,OO A 0,0586 for 20,OO pg As/l 
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Annex B 
(informative) 

Recovery of all forms of the determinand 

Within a sample, the determinand may occur in many physical and/or chemical forms. It is therefore 
essential that the analytical method defines the determinand unambiguously to ensure that a laboratory 
does not choose an inappropriate and/or noncomparable method. 

It is essential that the analytical response for a given concentration of the determinand is independent 
of the form of the determinand in the sample. Failure to ensure this may result in a significant bias in 
the method. Consider the analysis of a sample for arsenic using hydride generation. Arsenic can be 
present in aerobic conditions as As(V), in anaerobic conditions as As(lll), or as organoarsenic com- 
pounds. Normal preservation using H,SO, will not convert organic arsenic compounds into the 
inorganic form. They have to be oxidized using an acid/persulfate digestion stage which converts them 
into the inorganic form. As(lll) can be quantitatively converted to arsine over a wide range of condi- 
tions. However, conditions can be chosen under which quantitative generation from As(V) occurs, but it 
does so at a slower rate. The usual solution is to pre-reduce the As(V) to As(lll), commonly using 
sodium or potassium iodide. Consequently, negatively biased results would be obtained if samples 
contained organic or As(V) forms of arsenic. 

Many common but important determinands in water analysis can occur in different physical and/or 
chemical forms, for example total metals, where in addition to dissolved or particulate forms they may 
also be present in different oxidation states, and organometallic compounds. To differentiate between 
the dissolved and particulate forms, the sample has to be filtered in such a way that the technique is 
reproducible and precise, and it is therefore essential that precise details of the filtration process is 
defined unambiguously. Generally, all measurement techniques employed in analytical systems for 
waters show some degree of dependence on the form in which the determinand is present in the 
sample. 

It is very important that the information available on the performance of an analytical method, and also 
the form in which the determinand is present in a sample, is carefully considered when assessing 
whether the degree of bias is important for a particular application. To control this type of bias the 
following points should be considered: 

Preference should be given 
magnitude of the problem. 

to the choice and use of methods giving sufficient evidence on the 

The degree of sample pretreatment should be sufficiently vigorous to convert all forms of the 
determinand to the form in which it is most easily determined with little bias. It is possible, 
because of increased sample pretreatment and manipulation, that increased risk of 
contamination is likely which may result in a decrease in precision of the analytical results. 
Therefore, a compromise of bias and precision may be necessary. 

Tests may be performed to determine the suitability of an analytical method from the point of 
view described in the previous paragraph. These tests are often slow and difficult to obtain 
unambiguous results. Two main approaches to such tests can be identified: 

a) Known amounts of pure standard substances corresponding to those likely to be present in 
the sample are analysed according to the analytical method to assess the efficiency with which 
they are determined. 

In some situations it is not possible to obtain particular substances in the form in which they 
would be present in a sample, for example particulate forms of metal. It should be remembered 
that the results of such tests are subject to random errors so that, if these errors are large 
enough, bias may not be detected even if it is present. 
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b) Sample pretreatment is often necessary. To test this, treatments of increasing severity can be 
repeated on a number of samples. 

If the results indicate that the increased.severity of pretreatment does not increase the result to a 
significant degree, it can be reasonably assumed that the pretreatment specified in the method is 
adequate for the forms of the determinand present in that particular sample type. 

In practice, time and resources generally prohibit most laboratories from carrying out the tests 
suggested in a) and b) above. Therefore it is imperative that analysts developing methods and 
investigating analytical procedures should pay great attention to this problem and any evidence of this 
type of bias should be published. 

It can be seen from the above considerations that it is generally very difficult to estimate the bias due to 
this potential source of error when it may be present. It is therefore strongly recommended that 
methods should be chosen for which this bias is essentially zero. If this is not possible there is little 
alternative but to have discussions between the analyst and the user of the results and either accept the 
inherent bias or to change the determinand in order to have results of better known accuracy. 

A final point to be made is the relationship between the ability of an analytical system to determine all 
forms of the determinand and the same system’s liability to interference effects. Since the chemical 
and/or physical forms of a determinand may be affected by other substances in a sample, such effects 
may lead to biased results. For example, aluminium may complex fluoride, which under certain 

. circumstances does not produce a response with a fluoride ion selective electrode. If the determinand 
quoted is “total fluoride”, i.e. the total concentration of fluoride, regardless of the form in the sample, 
biased results may be quoted because of the presence of aluminium. The question arises whether this 
bias is caused by the inability to determine all forms of the determinand or by the interference caused 
by aluminium. In this case, the latter reason is most likely. Accordingly, the concept of the ability to 
measure all forms of the determinand should be restricted to include only those effects that are not 
included in the accepted definition of interference. The separation of these effects is essential otherwise 
there may be the danger that the same effect may be included twice when attempting to assess total 
bias in an analytical system by the summation of individual effects. 
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Annex C 
(informative) 

Catibration and blank correction 

C. 1 General 

Most systems require, either explicitly or implicitly, a calibration against some form of standard, usually 
a standard solution, so that the primary analytical responses can be converted into determinand 
concentrations. The calibration routinely applied to an analytical system nearly always involves one or 
more assumptions about the behaviour of the system. Such assumptions are usually made in order to 
simplify routine operation, and are based either on knowledge gained during the initial development of 
the system or on a theoretical consideration of the system. If any of these assumptions are not 
justified, the analytical results will be subject to errors (either systematic or random, or both). 

A feature of accurate calibration worth special mention is the use, of a:n: a,ppropriate analytical blank. If 
the procedure applied to blanks is not identical to that used for samples, the blank correction may 
introduce a bias. 

Again, if the water used to prepare blanks contains the determinand, blank correction will; CZBIUERE res~l!! 
to be biased low. It is necessary therefore, if this source of bias is to be eJ.itii c tm c&d th:e: 
determinand content of the blank water and, ideally, to ensure that this c~%j&~~ i% negKgi&$e i.n 
comparison with the concentration in samples. 

C.2 Approaches to calibration 

Four frequedy-used approaches to calibration are considered here: 

a) 
b) 
d 
d) 

fixed calibration; 
within-batch calibration; 
standard additions calibration; and 
internal standardization. 

(lt should, however, be noted that variants of these - for example the use of matrix modification or 
matrix matching - are also used occasionally in practice, according to the nature and needs of the 
analytical technique.) 

The choice between these different methods of calibration should be made on the basis of their 
influence on the performance of the analytical system. This in turn depends on the nature of the 
dominant forms of error. 

c.2.1 Fixed calibration versus within-batch calibration 

Fixed calibration involves the use of the same calibration curve (or line) over many batches of analysis. 
Within-batch calibration means the preparation of a fresh calibration curve for each batch of analysis. 

The total variance of analytical results, s:, is given by: 

s; = sb’ + SW2 
where sb2 is the between-batch variance of results and s,’ is the within-batch variance (both corrected 
for the blank). 
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