18.6.1 Terms concerned with internal quality control procedures

Quality assurance in analytical laboratories

Quality assurance is the essential organisational infrastructure that underlies all reliable
analytical measurements. It is concerned with achieving appropriate levels in matters such
as staff training and management, adequacy of the laboratory environment, safety, the
storage, integrity and identity of samples, record keeping, the maintenance and calibration
of instruments, and the use of technically validated and properly documented methods.
Failure in any of these areas might undermine vigorous efforts elsewhere to achieve the
desired quality of data. In recent years these practices have been codified and formally
recognised as essential. However, the prevalence of these favourable circumstances by no
means ensures the attainment of appropriate data quality unless IQC is conducted.

Note: The fundamental term for quality assurance in general is defined by ISO (ISO
8402/1995) as follows:

Quality assurance
All the planned and systematic activities implemented within the quality system, and
demonstrated as needed, to provide adequate confidence that an entity will fulfill
requirements for quality.

Internal quality control

Set of procedures undertaken by laboratory staff for the continuous monitoring of operation

and the results of measurements in order to decide whether results are reliable enough to be
released.

Repeatability conditions

Conditions where independent test results are obtained with the same method on identical
test items in the same laboratory by the same operator using the same equipment within
short intervals of time.

Control material

Material used for the purposes of internal quality control and subjected to the same or part
of the same measurement procedure as that used for test materials. Reference materials can

be used as control material. Ideal control materials are the certified ones. (See Section
18.8.)
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Run (analytical run)

Set of measurements performed under repeatability conditions.

Fitness for purpose

Degree to which data produced by a measurement process enables a user to make
technically and administratively correct decisions for a stated purpose.

Analytical system

Range of circumstances that contribute to the quality of analytical data, including
equipment, reagents, procedures, test materials, personnel, environment and quality
assurance measures.

Statistical control

Statistical control implies that an IQC result x can be interpreted as arising independently
and at random from a normal population with mean u and variance o°.

Under these constraints only about 0.3 % of results (x) would fall outside the bounds of u +
30. When such extreme results are encountered they are regarded as being "out-of-
control" and interpreted to mean that the analytical system has started to behave differently.
Loss of control therefore implies that the data produced by the system are of unknown
accuracy and hence cannot be relied upon. The analytical system therefore requires
investigation and remedial action before further analysis is undertaken. Compliance with
statistical control can be monitored graphically with Shewhart control charts. An
equivalent numerical approach, comparing values of z = (x-i)/o against appropriate values
of the standard normal deviate, is also possible.

Analytical errors

Two main categories of analytical error are recognised, namely random errors and
systematic errors, which give rise to imprecision and bias respectively. The importance of
categorising error in this way lies in the fact that they have different sources, remedies and
consequences for the interpretation of data.

Random errors determine the precision of measurement. They cause random positive and
negative deviations of results about the underlying mean value. Systematic errors comprise
displacement of the mean of many determinations from the true value. For the purposes of
IQC two levels of systematic error are worth consideration.
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€8 Persistent bias affects the analytical system (for a given type of test material) over a
long period and affects all data. Such bias, if small in relation to random error,
may be identifiable only after the analytical system has been in operation for a long
time. It might be regarded as tolerable, provided it is kept within prescribed
bounds.

2) The run effect is exemplified by a deviation of the analytical system during a
particular run. This effect, where it is sufficiently large, will be identified by IQC
at the time of occurrence as an out-of-control condition.

Proficiency testing

Proficiency testing is a periodic assessment of the performance of individual laboratories
and groups of laboratories that is achieved by the distribution by an independent testing
body of typical materials for unsupervised analysis by the participants. Although
important, participation is proficiency testing schemes is not a substitute for IQC measures,
or vice versa.

Trueness

Closeness of the agreement between the average value obtained from a large series of test
results and an accepted reference value.

Spiking

"Spiking" is a way of creating a control material in which a value is assigned by a
combination of formulation and analysis. This method is feasible when a test material
essentially free of the analyte is available. After exhaustive analytical checks to ensure the
background level is adequately low, the material is spiked with a known amount of analyte.
The reference sample prepared in this way is thus of the same matrix as the test materials to
be analyzed and of known analyte level - the uncertainty in the assigned concentration is
limited only by the possible error in the unspiked determination. However, it may be
difficult to ensure that the speciation, binding and physical form of the added analyte is the
same as that of the native analyte and that the mixing is adequate.

Blank determinations
Blank determinations are nearly always an essential part of the analytical process and can
conveniently be effected alongside the IQC protocol. The simplest form of blank is the

"reagent blank", where the analytical procedure is executed in all respects apart from the
addition of the test portion. This kind of blank, in fact, tests more than the purity of the
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reagents. For example it is capable of detecting contamination of the analytical system
originating from any source, e.g., glassware and the atmosphere, and is therefore better
described as a "procedural blank". In some instances, better execution of blank
determinations is achieved if a simulated test material is employed. The simulant could be
an actual test material known to be virtually analyte-free or a surrogate (e.g., ashless filter
paper used instead of plant material). Where it can be contrived, the best type of blank is
the "field blank", which is a typical matrix with zero concentration of analyte. (See also
18.4.3.8.)

Shewhart control charts

Shewhart control chart is obtained when values of concentrations measured on a control
material in successive runs are plotted on a vertical axis against the run number on the
horizontal axis. If more than one analysis of a particular control material is made in a run,
either the individual results x or the mean value x can be used to form a control chart.
The chart is completed by horizontal lines derived from the normal distribution N(u, o)
that is taken to describe the random variations in the plotted values. The selected lines for
control purposes are u, u+2o, u+3o. Different values of o are required for charts of
individual values and of means. For a system in statistical control, on average about one in
twenty values fall outside the u+20 lines, called the "warning limits", and only about three
in one thousand fall outside the u+30 lines, the "action limits". In practice the estimates
x and s of the parameters i and ¢ are used to construct the chart. A persistent bias is
indicated by a significant difference between x and the assigned value. A control chart
showing results from a system in statistical control over 40 runs is shown in Figure 8.6.1.

Estimates of the parameters i and ¢

An analytical system under control exhibits two sources of random variation, the within-
run, characterised by variance ov® and the between-run with variance oi’. The two
variances are typically comparable in magnitude. The standard deviation ox used in a chart
of individual values is given by

ox = (o + or’)"?

whereas for a control chart of mean values the standard deviation is given by

oz = (ov’/n + o)"”?

where n is the number of control measurements in a run from which the mean is calculated.
The value of n therefore must be constant from run to run, otherwise control limits would
be impossible to define. If a fixed number of repeats of a control material per run cannot
be guaranteed (e.g., if the run length were variable) then charts of individual values must
be used. Furthermore the equation indicates that ox or o3 must be estimated with care.

Chapter 18 - 4



An attempt to base an estimate on repeat values from a single run would result in unduly
narrow control limits.
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Fig.18.6.1 Results from a system in statistical control
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