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The DTI 
VAM programme:

The DTI’s programme on Valid
Analytical Measurement (VAM) is an
integral part of the UK National
Measurement System. The VAM
programme aims to help analytical
laboratories demonstrate the validity of
their data and to facilitate mutual
recognition of the results of analytical
measurements.

The VAM programme sets out the
following six principles of good analytical
practice, backed up by technical support
and management guidance, to enable
laboratories to deliver reliable results
consistently and thereby improve
performance.

1. Analytical measurements should be
made to satisfy an agreed requirement.

2. Analytical measurements should be
made using methods and equipment
which have been tested to ensure they
are fit for their purpose.

3. Staff making analytical measurements
should be both qualified and competent
to undertake the task.

4. There should be a regular independent
assessment of the technical performance
of a laboratory.

5. Analytical measurements made in one
location should be consistent with those
elsewhere.

6. Organisations making analytical
measurements should have well defined
quality control and quality assurance
procedures.
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Welcome to VAM Bulletin 20.
Several of the articles in this issue have a

clinical theme. Two articles describe the analysis
of clinical samples using the method of choice for
trace multi-element analysis, ICP-MS. One of
these has been written by Dr Trevor Delves, a
world-recognised authority on the determination
of trace metals in clinical analysis. A new section
beginning in the Bulletin in this edition focuses
on how the VAM principles are applied in
various industries, for example, initially we look

at their use in hospital pathology laboratories. 
Our editorial outlines some of the issues

around the presentation of chemical measure-
ments in legal proceedings and whether or not
their uncertainties should be reported. We would
be especially pleased to hear from any readers
who have views or experiences on this subject, or
on any of the articles in this issue.

As always, I would like to thank the
authors for the time and effort they have spent
contributing to this edition.
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Ric Treble,
LGC

Analytical measurement plays a sig-
nificant part in a wide range of legal

proceedings. It is used not only in ‘typical’
criminal forensic cases but also in cases in
support of legislation and regulation and in
civil actions and tribunals. There is, however,
a point for debate as to the amount of infor-
mation that should be set before the court. 

There are many reasons why different
types of chemical measurement may be
made and subsequently be presented as
evidence in legal proceedings. This is not
just of interest to the ‘forensic’ community,
but affects all analytical sectors, including
food, environment, employment, phar-
maceutical, medical and clinical. 

Analytical 
measurement plays a

significant part in 
a wide range of legal

proceedings

Fundamental to all chemical measure-
ment is the identification of a specified
analyte. If the analyte cannot be measured
and therefore proven to be present, there will
be no case to answer. In some cases a
positive identification may be sufficient
evidence upon which to base legal
proceedings. The quantification of the
analyte will, however, be a key feature of
most proceedings. 

Typical examples of chemical measure-
ments which can be presented in legal
proceedings include:
• suspected drugs of abuse: controlled

drugs are analysed to determine the
identity and frequently the amount of
pure drug in a sample. The amount will
guide the sentence in a guilty verdict
(which in some countries can mean the
difference between life and death!)

• pesticides in fruit or additives in food:
regulations state maximum permitted
amounts that must not be exceeded.
Analytical measurement checks
adherence to these limits.

• therapeutic levels of drugs: it is often
necessary to demonstrate that the amount
of drug present in the patient is within a
known therapeutic range. Above that
level the drug may harm the patient,
below that level the drug will have no
beneficial effect. Measurement evidence
may also be required in cases where an
adverse reaction has occurred. 

• meat in meat products: legislation and
regulations state minimum requirements
for meat content. A series of analytical
measurement checks are required to
monitor adherence to these limits.

• post-mortem samples: identification of
substances to determine possible causes
of death. Here quantification need not
be a prerequisite.

Uncertainty in measurement
There are many different and complex

issues associated with measurement
evidence. Some are specific to the particular
measurement method, but an increasingly
important general issue is the reliability of
measurement evidence, particularly the
uncertainty inherent in measurement results. 

All measurements, including analytical
measurements, are subject to uncertainty.
Scientists expend a great deal of effort in
studies to quantify that uncertainty and in
work to control it in order to ensure that it is
small enough for the task required. As a
result, measurement uncertainty can usually
be expressed quantitatively by saying, for
example, the amount of analyte present is X
% +/- Y%. In general, the uncertainty figure
quoted gives an indication of the reliability
of the result.

A drink/driving case is a good illustration
of this effect. The result of measuring the
amount of alcohol in blood is routinely
presented as evidence. In drink/driving cases
in the UK the legal limit beyond which the
defendant will be found guilty is currently 80
milligrams of alcohol in 100 millilitres of
blood (80 mg/100 ml). There is an uncer-
tainty in making this measurement. At LGC
for example, the uncertainty associated with
the measurement of alcohol in blood at this
level has been determined to be 2 mg/100 ml.
A measured value of 81 mg/100 ml (apparently
above the limit) may therefore represent a
true value in the range from 79 to 83 mg/100
ml (either above or below the limit). 

In fact, in drink/driving cases, the
accepted convention in the UK is that the
scientist will subtract 6 mg/100 ml (rather
than 2 mg/100 ml) from the measured value
to make a generous allowance for any
uncertainties in the measurement. In this
example our report would therefore state
that the sample contained ‘not less than 75Meat products

Suspected drugs of abuse



mg/ml alcohol’ and the case would be
unlikely to reach court. In the particular case
of drink/driving measurements, care is taken
that defendants are not adversely penalised
by the uncertainty inherent in the analysis. 

Confidence in measurement

Associated to uncertainty of measure-
ment are confidence limits. In quantitative
measurements, a scientist can never be
100% confident that the true result lies
within the reported range. There is always a
small but finite chance that the true value
lies outside the reported range. In the
drink/driving example given above, this
means that there is a very small chance that
the true result is actually less than 79
mg/100 ml or greater than 83 mg/100 ml.
Confidence limits are an expression of the
confidence the scientist has in the result
being within the reported range. Typically,
results will be reported with either a 95% or
a 99% confidence, indicating that up to 5%
or 1% respectively of measured values can
be expected to be outside the range given.
Note that the likelihood of the result being
outside the stated range for a single
measurement can be significantly reduced by
the use of independent replicate analyses. 

Reliability is an issue not only when
quantitative measurement is being reported
but also when a chemical has been
identified. This is particularly relevant when
the chemical being identified is present in
vanishingly small (trace) quantities.
Unreliable identifications of traces of
material as being explosive substances, using
the technologies available at the time, are
now acknowledged to have contributed to
serious miscarriages of justice. 

The risk of mis-identification is greatly
reduced if the scientist can use two
completely independent techniques in the
examination and this has become standard
operating practice in forensic work. 

In both cases there is less likelihood of
two independent techniques or analyses
giving similar erroneous results, so that
confidence in the result is greatly increased.

Presentation of evidence 
in legal proceedings

Nothing stated so far is either new or
contentious. It is more interesting to
examine how routine analytical measure-

ments, and information about uncertainty
and confidence limits, can be presented in legal
proceedings. The scientist should of course
always be able to demonstrate the uncer-
tainty and confidence level associated with a
measurement and this information should be
available for inspection. However, there are
currently two prevalent practices when
presenting such measurement evidence.
a) Associated uncertainty is not reported.

Instead the expert expresses an opinion
as to the amount of substance. This
result, for example, is expressed as ‘a
minimum of’ or ‘not less than’ a stated
value, where an allowance has been
made for the associated uncertainty of
measurement. The allowance made for
uncertainty is frequently in excess of the
actual uncertainty. It is arguable
however that, by not presenting the
original findings, the expert is taking
decisions that should be the prerogative
of the court.

b) Associated uncertainty is reported. Some
authorities recommend that the expert
should be obliged to report the
associated uncertainty with every
measurement presented as evidence, as
well as information about confidence
levels. The court will therefore be aware
of the uncertainty and arguably have all
the information upon which to base its
considerations. But what is the effect
when the ‘+/-’ is presented in court? In
criminal cases, for example, how can the
requirement to be ‘beyond reasonable
doubt’ be matched with the concept 
of ‘uncertainty’? 

Complex science in court

Many areas of analytical science involve
complex techniques which may provoke
detailed evaluation if used for legal purposes.
One recent example is DNA analysis, an
extremely complex technical area which has
rapidly become widely used in legal cases.
Not only are there the usual issues around
the uncertainty of the analysis, but there
have also been statistical debates about the
interpretation and significance of results
which have been explored in a series of cases
and appeals (such as R. v. Deen1, R. v.
Adams2 & R. v. Doheny3). 

It is therefore a matter for debate as to
how, or indeed whether, complex scientific
issues such as uncertainty data or involved

statistics should routinely be presented in
court. One side may feel that such
information merely raises unnecessary
doubts, so that the resulting ‘smokescreen’
neutralises the impact of the expert evidence.
The other side will argue that the court
should be made fully aware of the reliability
– or unreliability – of every piece of
evidence. Both arguments are valid. What,
then, should be done?

The way forward

The issues discussed above illustrate
some aspects of the debate surrounding the
presentation of measurement evidence in
legal proceedings. These issues cross all
sectors of analytical measurement and
should therefore be of concern to all
practising analysts. This is a difficult enough
area for those analysts whose work is
frequently presented in court proceedings.
Consider therefore the difficulties that the
‘occasional expert’ will have when faced with
trying to decide how to present their findings. 

As part of the VAM programme, LGC is
currently exploring issues relating to the
acceptability, reliability, comparability and
presentation of analytical measurements
when used as evidence in legal proceedings.
The project is looking across sectors,
working with organisations representing both
users and suppliers of analytical measure-
ments which can appear in the legal arena. 

Initial findings suggest that there is
considerable uncertainty about uncertainty
and other related scientific issues. If you have
any views, or experiences, on this topic, you
are invited to contact Jane Pitts or Ric Treble
at LGC (jep@lgc.co.uk or rdt@lgc.co.uk). 

REFERENCES

1. R. v. Deen, The Times, January 10, 1994.

2. R. v. Adams, [1997] 1 CR App Rep 269.

3. R. v. Doheny, [1997] 1 CR App Rep 269.
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G U E S T  C O L U M N

Tony Stavrou,
GlaxoWellcome

The industrial landscape

Up until the 1980s most large organi-
sations regarded the use of external

contract resource as a short-term activity.
Contract facilities were used to provide a
specialist service or to help support peaks in
workload, which could not be fully
resourced internally.

More recently the industrial landscape has
changed significantly. Most industries have
experienced a wave of mergers, downsizing
and delayering. In addition, there has been a
move to focus on core activities and to
understand and build on core competencies
for the business. Organisations have
however, still needed to continue to develop
and grow their business. It has therefore
become essential to use external suppliers to
provide many key support services such as
cleaning and catering. The imperative has
therefore moved from tactical contracting to
outsourcing as a business strategy.

There has however been reluctance by
organisations to move into outsourcing key
activities or technological core competencies.
Where these have needed to be resourced
externally the preference of firms seems to
be to set up collaborations or strategic
alliances thus maintaining control and 
closer involvement.

The analytical picture
Outsourcing of analytical testing has

become increasingly important to a number
of organisations of all sizes and across all of
industry. This is because organisations are
increasingly focusing on their core business and
looking to outsource the non-core activities,
which for some analytical testing is. The types
and volume of testing outsourced are varied but
include raw materials, product stability, end
product testing, water quality and micro-
biological testing. For many small and medium
sized organisations outsourcing analytical
testing is the only option, as they do not have
either the equipment or technical skills to
perform the testing themselves. Increasingly

however, many larger organisations are
outsourcing analytical testing as part of the
strategy for their business. Outsourcing is
used as a means of managing the variation in
their workload, whilst staying focused on
their core business, controlling fixed costs
and getting products to market earlier.

Outsourcing of analytical
testing has become

increasingly important
This change in the analytical picture has

resulted in an explosion of Contract Research
Organisations (CROs) offering analytical
support to industry. Most of the major
international CROs have grown or acquired
analytical support facilities. In addition a
number of small dedicated analytical testing
laboratories have sprung up providing
specific analytical support to industry.

Selection

The effort required in identifying and
selecting a contract laboratory, and the
quality assurance controls that a customer
puts in place depend on a number of factors.
These include the industry they are in, the
volume and type of testing, the likely cost,
and whether the relationship is on a short-
term customer – supplier basis or one where
both parties are looking to establish a long
term ‘partnership’. Effort invested up front
clarifying the customer requirements and
expectations, and in providing clear guidance
to the contract laboratory of the testing
methodology and requirements, turnaround
times and reporting format will help to
minimize issues and problems that may arise.

Key considerations in the selection of a
contract laboratory include: 
• capability to perform the necessary testing
• ability to produce valid data to the

required standard or quality 
• capacity to handle the volume of work 
• flexibility to accommodate changes in

workload and techniques 
• turnaround times of testing and

provision of data/information 
• competitiveness providing good value 

for money (although not necessarily 
the cheapest).

The costs

Whatever the outsourcing activity and
level of outsourcing there are normally two
types of costs. The visible cost is the actual
monetary cost of performing the testing. The
hidden costs to the organisation are
numerous. These include:
• administrative costs in putting legal,

service and financial agreements in place
• approval costs both for initial and on-

going approval
• time costs in putting monitoring and

control and payment systems in place, and
in building and maintaining relationships

• project co-ordination costs to transfer
the methodology, in data and
information review, in dealing with
problems and issues, and in monitoring
the project and providing support and
documenting these activities

• the effort put into these hidden costs is
often key to whether the outsourcing
experience is successful and satisfactory.
Whatever the outsourcing activity and

level, there are costs that are both visible and
hidden. These costs need to be taken account
of in the decision to outsource and in helping
to justify the commercial benefits of doing so.

The commercial benefits

Outsourcing has a place in providing
organisations with technology, skills or
resource that they do not possess or wish to
grow. It can provide organisations with
commercial benefits enabling them to focus
on their core competencies and activities. It
can help them with the management of
workload peaks and their development
pipeline, thereby helping to deliver new
products to the market place more quickly
so that new revenue is generated. There are
many examples of successful outsourcing
and there is no doubt that organisations can
make significant savings on fixed and capital
costs. Outsourcing is therefore no longer a
tactical option but a key business activity
that organisations need to address to help
them grow and prosper.

The opinions expressed in this article are those 
of the author, and not necessarily those of
GlaxoWellcome R&D.

Outsourcing the analytical function
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Keith Davies,
University
Hospital of
Wales and
David Burnett 

Clinical chemistry is concerned with the
diagnosis and prognosis of disease and

with patient management through the
analyses of body fluids and tissues for
specific constituents. Specimens of blood,
serum, plasma, urine, cerebrospinal fluids,
faeces and other body fluids from patients
provide the samples which are analysed to
diagnose illness or to monitor the progress 
of disease. 

There are around 350 clinical chemistry
laboratories attached to National Health
Service (NHS) Trust hospitals in the UK. A
typical trust hospital laboratory will analyse
400 samples each day, each sample requiring
on average six tests. Together with
calibration, quality control and proficiency
testing samples, this equates to around 3000
tests a day, or 750 000 per year per
laboratory, 262 500 000 each year in the UK. 

The present day laboratory is
characterised by the utilisation of a wide
variety of techniques and equipment. More
than 60% of the work is processed by
automated analysers which, although very
sophisticated, require constant maintenance,
internal quality control and external quality
assessment. Such analysers are expensive to
purchase and are increasingly installed using
an operational leasing arrangement as an
alternative to capital outlay. The majority of
laboratories have a high level of
computerisation both as an integral part of
analysis to manage the test results and to
provide both paper based and/or electronic
reporting systems. 

Against pressures of increased patient
expectations, financial restraints and the
spectre of privatisation, the clinical
chemistry service is continually improving
the quality of its services. Test methods are

being fine tuned to produce values which are
nearer to the clinician’s requirements using
biological variation as a target for results,
rather than just an adequate analytical result. 

The six Valid Analytical Measurement
(VAM) principles, although not specifically
followed in NHS laboratories, are all applied
to some extent. 

1. Analytical measurements
should be made to satisfy an

agreed requirement 

The demands of doctors to provide
quality services for their patients, together
with the ‘Patient’s Charter’ obligations
which are being instigated in NHS Trust
Hospitals, are the driving force for
laboratories to produce a high quality
service. The concept of Continuing Quality
Improvement is increasingly used in
laboratories and there is pressure to achieve
a form of accreditation to provide evidence
to clinicians and managers that laboratory
processes provide quality outcomes. Service
level agreements are made between purchasers
(clinicians) and providers (laboratories)
which include quality items such as turn-
round times of patient results, quality of
staff, statements on training and accredi-
tation of laboratory procedures. 

2. Analytical measurements
should be made using methods
and equipment which have
been tested to ensure they

are fit for their purpose 

Competition between equipment
manufacturers in clinical chemistry is fierce.
Most of the major manufacturers are
international companies, complying with one
of the BS EN ISO9000 series of standards
and Good Manufacturing Practice. Often
they make and sell customised reagents for
their analysers and validate their homo-
geneous systems against certified reference
materials or methods. Reference methods
are agreed by international acclaim and
where possible are traceable to a definitive
method. Thus for example for serum
cholesterol, the definitive method is a gas

chromatographic/isotope dilution method
which is used to establish a cholesterol value in
a serum reference material (SRM911b). This in
turn is used to calibrate a reference method,
the Abell-Kendall chemical method which is
used to provide secondary reference values
for calibrators used in clinical chemistry.
Most of the routine analysers use an
enzymatic reaction using cholesterol oxidase
to estimate cholesterol. More and more
methods are being validated in this manner. 

3. Staff making analytical
measurements should be

both qualified and competent
to undertake the task 

The sectors’ needs differ from that of the
general chemical sector in that the vocational
educational requirements needed are special
and specific to the job. Medical Laboratory
Scientific Officers (MLSO) are state registered
under the Council of Professions Supple-
mentary to Medicine Board; Biochemists
and medical staff train for the membership
of the Royal College of Pathologists
(MRCPath). There are programmes of
Continuing Medical Education (CME) for
senior Biochemists and medical staff and
Continuing Professional Development
(CPD) for State Registered MLSOs. 

The use of qualified and competent staff
in NHS clinical chemistry laboratories has
been well structured and established since
the 1950s. There are around 250 medical
staff (Chemical Pathologists and junior
medical staff), 1300 biochemists and 5000
Medical Laboratory Scientific Officers in
UK clinical chemistry laboratories. Medical
Laboratory Assistants appointed without 
the need for formal qualifications are
increasingly used to perform specific tasks
under the supervision of qualified staff. 

4. There should be a regular
independent assessment 

of the technical performance
of a laboratory 

From the inception of the NHS in 1948
and as the technology improved and became
available, the laboratory came to be used

F O C U S  O N  S E C T O R S

Clinical analysis – VAM in the NHS
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more frequently by physicians, the workload
increased and the requirement to test the
quality of the results became paramount.
Laboratories employed internal quality
control procedures to assess their own
reproducibility but it was not until the mid
1960s that proficiency testing was introduced. 

Early proficiency testing (or external
quality control as it was better known in the
NHS laboratories) later changed to the more
correct term ‘external quality assessment’
(EQA) showed large differences in
performance from laboratory to laboratory
based on comparative accuracy. Continuous
proficiency testing has led to a dramatic
improvement of performance in both precision
and accuracy, and today it is an essential
part of laboratory testing. It is a compulsory
‘standard’ in CPA accreditation procedures,
where inspected laboratories have to show
participation in ‘recognised EQA schemes’. 

5. Analytical measurements
made in one location 

should be consistent with
those elsewhere 

The homeostatic mechanisms in the
body mean that analytes in the healthy
individual are held within precise ‘normal’
ranges, pathological conditions will alter
these and measuring the differences from
normal will aid in diagnosis or monitoring of
diseases. It is essential therefore to be able to
determine these differences with accurate,

precise and reproducible analytical methods. 
When patients are transferred from one

hospital to another it is not unusual for more
than one laboratory to monitor test results.
External quality assessment is one way to ensure
that results from both hospitals are consistent. 

It was in the 1960s that the ‘consensus
mean value’ was agreed for comparative
accuracy, and inter-laboratory performance
improved. Today, external quality assessment is
an essential part of clinical chemistry laboratory
practice. ‘Consensus mean values’ for test
analytes are now being replaced wherever
possible by ‘true values’. True values are those
values which are traceable to definitive values
established in acceptable circumstances, and
assigned to a certified ‘reference material’ which
can be used as a standard in the analysis. 

Instrument manufacturers have played a
major role in the increasing reliability of
performance of clinical chemistry assays.
Automated procedures in particular have led
to a dramatic improvement in the precision
of assays, and in reducing operator bias in
their estimation. Most problems are now
caused by the calibration procedures
adopted by different manufacturers not
always providing comparable results. 

Certified reference materials are being
used, mainly through manufacturers’
homogeneous assay/analyser systems to
achieve comparability and traceability of
measurements. Networking of reference
laboratories, e.g. the lipid and steroid
analyses, is also influencing the traceability of
assays. With regards to ‘measurement
uncertainty’, the concept is not new to clinical
chemists but not one which is expanded on
beyond total imprecision measurement such
as ‘standard deviation’ or ‘coefficient of
variation’. However, notice has always been
taken about which part of an assay
contributes most to the imprecision, and
then measures have been taken to improve it. 

6. Organisations making
analytical measurements
should have well defined
quality control and quality
assurance procedures 

The development of quality and
accreditation systems for clinical pathology
laboratories is a relatively recent
development in the NHS. Prior to April
1992 there was no system that was suitable

for use by a clinical laboratory. Laboratories
undertaking work on specimens from pre-
clinical studies could apply to the
Department of Health’s Good Laboratory
Practice (GLP) Monitoring Unit for
recognition under the United Kingdom
Compliance Programme, or to NAMAS
(now part of the United Kingdom Accredi-
tation Service, UKAS) for accreditation
according to EN45001: 1989 General
criteria for the operation of testing
laboratories, or to a number of certifying
bodies for certification to one of the ISO
9000 series of quality system standards. 

In 1988, an ad hoc committee of The

Royal College of Pathologists (RCPath) was

formed to explore the feasibility and

desirability of establishing a laboratory

accreditation scheme. After an initial pilot

study, a steering committee was formed with

representatives from the College, the

Association of Clinical Pathologists, the

Association of Clinical Biochemists, the

Institute of Medical Laboratory Sciences,

the Institute of Health Service Managers and

the Independent Health Care Association,

together with observers from government

health departments, the Advisory Committee

on the Assessment of Laboratory Standards

and the King’s Fund. 
Following a project development

programme spanning three years, Clinical
Pathology Accreditation (UK) Ltd (CPA),
was incorporated on 6 January 1992. This
non-profit making enterprise is owned by the
shareholders represented on the original
steering committee. The main documentation
consists of a guideline handbook and an
application form. Forty-four ‘standards’
were adopted, forty-one of which apply to
clinical chemistry. They are divided into six
groupings covering organisation and
administration, staffing and direction,
facilities and equipment, policies and
procedures, staff development, education,
evaluation and appraisal. Figures provided
by CPA show that between April 1992 and
October 1996 there have been overall 1361
enquiries, 909 registrations and 820
inspection visits in Pathology, of which 256
enquiries, 186 registrations and 170
inspection visits were for clinical chemistry. 

An inspection visit to clinical chemistry
will involve two inspectors, one covering a
medical or scientific background and one
covering a technical background. Inspections

F O C U S  O N  S E C T O R S



8 V A M  B U L L E T I N

F O C U S  O N  S E C T O R S

normally last one day and the inspectors can
recommend full or conditional accreditation.
Those laboratories given conditional
accreditation are given a schedule of items
which have to be corrected in a given time
span. The emphasis of the inspection is not
only on the technical aspects of the
laboratory function but also on qualification
of the staff, pre- and post-analytical
functions such as interpretation of results
and performance in external quality
assessment schemes. Accreditation will
increasingly be demanded by purchasers of
pathology services to satisfy them of the
competency of staff and approval of
technical and administration procedures

which prove the quality of the laboratory. 
More recently (1996), the Department

of Health asked the CPA to develop
proposals for EQA oversight and the CPA is
now responsible for the recognition of EQA
schemes in Clinical Biochemistry,
Haematology, Immunology and Micro-
biology. Inspections for CPA (EQA)
recognition started in January 1997. Sixty-
two ‘standards’ have to be complied with
before recognition can be achieved. 

The six VAM principles set out in very
general terms the broad principles which should
be followed in the pursuit of quality. For
specific sectors, they require further discussion
and interpretation to ensure that they adequately

address all the sector specific issues. In the
clinical chemistry sector, as this article shows,
many aspects of VAM are currently receiving
attention and good progress is being made with
implementation of VAM across a broad front.
There remain many opportunities for NHS
laboratories to strengthen their response to the
VAM principles, and there are also many ways
in which the particular experiences of NHS
laboratories may help other laboratories to
implement the VAM principles and achieve
quality improvements. 

This article is adapted with permission from
an article which appeared in The Analyst,
March 1997, Vol. 122, p 297-299.

Nick Boley,
LGC

VAM Principle 4 states that “there should
be a regular independent assessment of

the technical performance of a laboratory”1.
In practice, many laboratories implement
this principle by participating in one or more
appropriate proficiency testing schemes. 

Participating 
laboratories should 

review their PT 
results regularly

Proficiency testing (PT) schemes usually
distribute test samples at a frequency that is
designed to provide the majority of
participating laboratories with sufficient
samples and information to complement
their internal quality systems. In many PT
schemes, some participants only return
results on an irregular or infrequent basis.
There are several causes of this, which may
have consequences for the laboratory and/or
the PT scheme.

Participation in PT schemes enables a
laboratory to compare its results with those
from peer laboratories, on samples similar to
those routinely analysed using its routine
methods. The laboratory can also monitor
its performance with time, using results from
the PT scheme over a number of rounds to
detect bias or trends. Participating
laboratories should review their PT results
regularly, and take appropriate action if they
indicate a problem with any measure-
ment(s). Following any corrective action,
subsequent PT results should show whether
this action has been effective. 

The key word in VAM Principle 4 is
‘regular’. The majority of PT schemes
operated within the UK distribute samples
on a regular basis; most schemes have a
distribution frequency of between one
month and three months. It is therefore
apparent that laboratories participating in
PT schemes will only gain the optimum
benefits by regularly returning results on
time to the scheme co-ordinator, and
reviewing their performance following
receipt of the report for each round. 

Information from PT schemes co-
ordinated by LGC indicates that only rarely

do all participating laboratories return
results on a particular round; response rates
of between 85% and 95% are common.
About 50% of participants who fail to return
results for a specific round do so regularly;
the other 50% only do so occasionally.

The key word in VAM
Principle 4 is ‘regular’

There are a number of possible reasons
why laboratories may participate in PT
schemes in an irregular or infrequent
manner. The laboratory may be too busy
with routine samples to find time for PT
samples, or does not perceive timeliness of
reporting PT results important, leading to
late submission. Of greater concern, some
laboratories may consider that being a
member of a PT scheme is sufficient and
analysing samples and submitting results are
not considered a priority. Also, the
laboratory may not have confidence in the
results obtained on a PT sample, so the
results are not submitted. The timescale and
frequency of rounds on the scheme may be
considered unrealistic, so analyses are not
always carried out and reported on time.

C O N T R I B U T E D  A R T I C L E S

Should laboratories participate
regularly in PT schemes?
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Irregular or infrequent participation in
PT schemes, for the reasons stated above
will have consequences for the laboratory, its
customers and the scheme as a whole.

Laboratories who participate irregularly
or infrequently in PT schemes receive poor
value for their investment in joining the
scheme. Satisfactory PT scheme results offer
an opportunity for laboratory staff to demon-
strate their competence by comparison with
their peers; if PT rounds are missed, the
positive feedback which participation and
good performance can generate is reduced.
This becomes a missed opportunity for
giving confidence and raising morale for
laboratory staff, both of which contribute to
raising quality in the laboratory.

Where the laboratory’s performance has
been unsatisfactory, the consequences can
be more serious. If a laboratory obtains poor
performance scores on a PT scheme round,
that laboratory can, and should, investigate
the causes, and suggest and implement any
necessary corrective action. In some cases,
the investigation may reveal a fundamental

problem with, for example, a method, an
instrument or a member of staff. Regular
participation in a PT scheme, in this
situation, will enable the laboratory to
identify the discrete period within which the
problem has become manifest, so that results
in which the laboratory is not fully confident
can be identified, thus reducing the ultimate
cost of any corrective action.

It is generally true that the more
participant data that is input to a PT
scheme, the more robust the data derived
(such as consensus ‘true’ values) are, and the
greater the value they have for both the
scheme participants, and the scheme co-
ordinator. If the data which informs a
consensus mean as the ‘true’ value is less
robust, this value will have a higher
associated uncertainty.

If a laboratory is participating in a PT
scheme on an irregular or infrequent basis,
the validity of the data presented to their
customers is more questionable than if they
participated regularly. However, this may
not be clear to the customer, which may

result in decisions being taken on limited
data. This can ultimately have a detrimental
effect on the business of both customer and
laboratory. Accreditation bodies may take a
dim view of irregular participation in
accredited laboratories.

It is, of course, desirable for all
laboratories who participate in proficiency
testing schemes to do so regularly, and
laboratories must be encouraged to move
towards this goal. There are two aspects to
achieving this: via education of laboratories,
and by penalising irregular participation.
Scheme co-ordinators, customers of
laboratories and accreditation bodies all have
a role to play in this process. 

This article is based upon a VAM report
entitled ‘Irregular Participation in
Proficiency Testing Schemes’. The report is
available from the VAM Helpdesk.
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Introduction

Most laboratories will employ some
form of mechanism to ensure the

measurements they make and the results
they produce are valid and verifiable.

These mechanisms may vary widely,
depending upon the nature of the

measurements made and the degrees of
sophistication and complexity. The most
common analytical techniques have, of
course, well established procedures for
ensuring the validity of their measurements;
this will include such procedures as
calibration, statistical comparisons against
certified materials or standards and cross-
comparative techniques.

Particle size is now widely accepted 
as being of fundamental importance to 
the performance of many process systems.
For example, the particle size of a
pharmaceutical compound may play a
critical role in the release mechanism of the
active ingredient.

Particle size analysis, what ever form it

takes, from the very simple sieving, a direct
measurement, to the most complex form of
light scattering experiments which are non-
direct suffers to some degree in the
perceived validity of the result produced.
This does not mean that the results reported
are scientifically flawed, just that they are
often misunderstood or misinterpreted.

Why should this be? On one level it is
due to the inherent difficulty encountered
when measuring materials where the particle
shape deviates from that of a perfect sphere
with known physical properties. For
example, how does one assign a single size to
an irregular shaped particle? One person
may give the size as the longest axis,
particularly if they were using a microscope

When size really matters: 
a PT scheme for laser diffraction
particle size analysers
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or 2-dimensional image analysis system,
another may give an average value based on
the sizes of the different axial lengths, a third
may measure the volume of the particle and
calculate an Equivalent Spherical Diameter
(ESD). As you can see, each approach will
yield a different value and none has any greater
claim to being more valid than the next.

So which is the correct result? Given the
example above there is not a complete
solution to the problem. In the circum-
stances outlined, the most appropriate
answer is the one that gives the most
relevant information to the analyst, so that
he may best control his process. 

Without an in-depth study of all the

methods available to the particle sizing

technologist it would be difficult to give an

overview as to which techniques are

currently employed to validate and verify

data when conducting particle size analysis.

Suffice it to say that some sizing technologies

have methods of validation that would be

familiar in other analytical laboratories. For

example the electrical sensing zone (ESZ) or

Coulter principle technique employs

calibration routines to verify instrument

performance. This is achieved by the

analysis of latex spheres, as their size

characteristics can be determined by

secondary direct techniques and the material

certified. Even so this only ensures that the

system is performing correctly as a particle

volume measuring device, meaning that 

the reporting of a single dimension 

for non-spherical particles is still an 

incomplete description.
One technique for particle size analysis,

that of laser diffraction analysis, has in
recent years become the method of choice
for a wide variety of applications. From the
point of view of validation and verification
the users currently find some limitations.
These lie with the fact that the systems are
based on first principles and can only give a
response which is in accordance with the
laws of physics, they can not be calibrated by
size and this is one of the reasons why they
are difficult to validate and verify.

At this juncture it may be useful to
define the terms validation and verification.

Validation: The management process,
that through well documented evidence can
ensure and be seen to demonstrate that an
instrument, or process, is likely to conform
to established parameters.

Verification: This is a component of
the validation management process that can
confirm that the output of an instrument or
system at a given point in time is consistent
with predetermined specifications. 

As regulation becomes more extensive
and increasing demands are made upon
laboratories regarding issues of compliance,
instrument manufacturers are becoming
more aware of the role they can play in
helping users to achieve conformance with
regulatory bodies, such as the US Food and
Drug Administration (FDA)

Whilst ultimate responsibility for
validation resides with the user of the
equipment, it can reasonably be expected
that responsible suppliers will assist their
customers in addressing such issues. It was
with this objective in mind that Beckman
Coulter (with help and resource from the
VAM programme) established after a
successful pilot study the first global Laser
Diffraction Proficiency Testing Scheme. 
Our aim is to assist all users of 
such instrumentation in the process of
verification and validation. 

Proficiency Testing (PT)

Proficiency Testing schemes offer more
than just an aid to the achievement of
particular compliance for a given piece of

equipment, as the scheme tests a laboratory
in all aspects of its performance. Good
performance in a PT scheme provides an
independent assessment of analytical
competence to, for example, an
organisation’s quality control (QC) 
manager or an independent accreditation
body or a regulatory authority or its
customers. This last point should not be
undervalued since suppliers that can show 
its clients that they regard quality 
and its measurement as a serious issue will
be the companies that thrive in the
increasingly regulated environment we 
find ourselves in today. 

A PT scheme provides a regular,

confidential and independent check on the

capability of a laboratory for the analysis of

samples similar to those they routinely

encounter. Many laboratories now use PT

schemes as a fundamental part of their

quality control procedures. 
The typical structure of a PT scheme

would be as follows:
• bulk samples are produced or obtained,

homogenised, sub-sampled and tested,
using validated methods, to assess
homogeneity

• samples are dispatched to participants
ensuring that sample integrity is fully
maintained in transport

COULTER® LSTM 230 – laser diffraction particle size analyser



• laboratories analyse the samples, using
their routine methods, and report the
results back to the co-ordinator within a
given deadline

• the results are processed and reports
produced for the participants which
summarise the data and the performance
of participants. 

The laser diffraction
Proficiency Testing 
scheme (LDPTS)

Since the late 1970s the technique of
laser diffraction has been utilised to calculate
a particle size distribution. The technique
relies upon the fact that particles will act as
scattering centres when exposed to
electromagnetic radiation. The resultant
scatter pattern can be measured electronically
and then deconvulated mathematically to
infer a particle size distribution. This is a
simplified account of the processes involved
yet gives the most salient features of the
technique. (If you wish for a more detailed
account of laser diffraction analysis please
contact the author.)

As outlined above, the LDPTS aims 
to help its participants by providing an
insight into the performance of their
instrument and laboratory, and by becoming
an integral part of the quality procedure
used in their laboratory.

The LDPTS structure and organisation
follows the recommendation of the
International Harmonised Protocol for the
Proficiency Testing of (chemical) Analytical
Laboratories1, and ISO/IEC Guide 43:1997
for ‘The development and operation of
laboratory Proficiency Testing’2. 

The statistical analysis of data 
returned by participants is such that each
instrument manufacturer is classed as a
separate entity, which will ensure that issues
of bias can be negated. This allows
participants to compare themselves both
with their peers and against users of other
manufacturer’s instrumentation.

As membership of the LDPTS grows
insights are gained with respect to how
different manufacturers instrumentation
respond to different types of samples. This is
beneficial to all concerned, users gain an
understanding of how their instrumentation
performs which will help with the
interpretation of results, and instrument

manufacturers have a deeper understanding
of how their equipment performs with a
wide range of samples and not only well
characterised spheres.

This article does not set out to provide
all the details of the scheme but the basic
format of the LDPTS is as follows:
• totally independent; overseen by an inter-

nationally recognised steering committee
• confidentiality is ensured, participants

know only their own laboratory I.D. 
• samples are sourced and tested for

homogeneity
• three samples, four times a year are

dispatched to participating laboratories
• returned results are collated and analysed

by the scheme secretariat
• after publication participants can contact

the manufacturer of their instrumen-
tation for advice if a poor performance
was indicated

• where raw data files are returned the
instrument manufacturer may contact
poor performers if the analysis of their
data offers an indication of underlying
reasons for the substandard performance.
(Currently this service is offered by
Beckman Coulter UK Ltd and Malvern
Instruments.) We believe this to be a
unique feature of the scheme.
A protocol is available which gives full

details of all aspects of the scheme, including
its aims and format.

Figure 1 represents an example of the Z
score comparisons between two different
manufacturers. The Z score is a comparative
index of performance. A value less than 2

indicates a satisfactory result, a value
between 2 and 3 is questionable, but maybe
acceptable given the overall data set. Values
above 3 are considered unsatisfactory.

Conclusions 

For the first time laboratory analysts and
managers using laser diffraction analysers
have access to a truly independent
Proficiency Testing scheme which will help
them deliver quality results. The scheme will
also help with the complex compliance
issues which face the modern particle
characterisation laboratory today.

If you would like more details or wish to
join the LDPTS please contact:

Ian Ley
LDPTS Scheme Co-ordinator
Beckman Coulter Ltd
Oakley Court
Kingsmead Business Park
London Road, High Wycombe
Bucks, HP11 1JU
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Figure 1: Z score values for mean size for sample 1 round 3
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Introduction

The accurate measurement of trace
metals in clinical samples, such as

blood, serum and plasma, is vitally
important to nutritional and toxicological
studies. Metal ions play a key role in the
function of many biomolecules, as well as
adversely affecting a number of important
biological/biochemical processes. It is
important that sensitive, precise and
accurate analytical methods are available, so
that the narrow divide between the
concentration at which the metal is
considered deficient, optimal or toxic, can be
measured with confidence. Development of
methods based on isotope dilution mass
spectrometry (ID-MS) will help with the
certification of reference materials, which are
vital for quality control in clinical analysis.

Many trace metals are essential for life,
others are inert and some exhibit toxicity at
low concentrations. Health implications3 due
to the deficiency or toxicity of various metals
are extremely diverse. For example, coronary
heart disease, arthritis and certain forms of
cancer are linked with selenium deficiency.
Lung and nasal cancers have been reported
in nickel refinery workers exposed to toxic
levels of nickel sulphide ore. In general,
occupational exposure to low metal
concentrations causes nausea, vomiting,
gastrointestinal irritability, headaches and
skin allergies. More serious health
implications can be caused by the chronic

toxicity of some elements e.g. haema-
tological disorders resulting from cobalt
toxicity, or the high toxicity of others e.g.
exposure to lead can result in neurological
impairment in children. Owing to the
recognition that metal ions and their
compounds can induce toxic effects, daily
allowances (the dietary intake of a given

element that a human may consume in a day)
have been defined. Such levels are detailed
in Table 1 for a range of trace metals.

Analytical methods
There are numerous analytical

procedures available for the analysis of trace
elements in clinical or biomedical samples.

C O N T R I B U T E D  A R T I C L E S

The accurate analysis of 
trace metals in clinical samples
using ICP-MS

Element Daily allowance Total amount in human body

Cr 0.1 mg 6 mg

Co 3 µg 1 mg

Mn 4 mg 12 mg

Cu 3 mg 72 mg

Se 0.1 mg 5 mg

Table 1: Daily allowance values for several essential trace
elements in the human body1,2
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The method of choice will depend on the
element to be determined, the sample matrix
and the level at which the element is present.
Both flame and furnace atomic absorption
spectrometry (AAS) have been used, but
these methods are limited in most cases to
single element determinations. Other
methods involve inductively coupled plasmas
with detection by atomic emission spectro-
scopy (ICP-AES) or mass spectrometry
(ICP-MS). ICP-AES is used for the analysis
of clinical samples, but is often restricted to
elements such as sodium, potassium and
calcium, which are present in the body at
relatively high levels. ICP-MS is the method
of choice for trace multi-element analysis
and is a necessity if isotope dilution analysis
is to be used.

Inductively coupled plasma
mass spectrometry (ICP-MS)

The main advantages of this technique
are, low detection limits, a multi-element
capability and a large linear response range.
Unfortunately, there are also a number of
problems, which are centred around the
presence of ions with the same nominal
mass/charge (m/z) ratio as the isotope of
interest. These can be divided into three
different sources: formation of oxides and
doubly charged ions e.g. generation of
barium oxide; presence of polyatomic ions
resulting from reactions between argon, and
constituents of the sample matrix e.g.
formation of argon oxide; and isobaric
overlaps between the isotopes of different
elements e.g. overlap of 116Cd and 116Sn.
Table 2 contains examples of several
polyatomic ions and the corresponding
isotope with which they interfere. 

This article describes different
approaches to the elimination of these
problems for two specific applications in
clinical analysis. The first method of
interference removal is to eliminate the
matrix by using electrothermal vaporization,
prior to determination by quadrupole ICP-
MS. The second example uses an ICP-MS
instrument with a sector field mass filter.
The greater resolving power of this
instrument, facilitates detection of the
isotope of interest without interference from
other ions.

The analysis of clinical samples present
their own particular problems, mainly
because of the complex nature of the sample
matrix. The presence of sodium, potassium
and other easily ionisable elements in the
matrix, as well as large biomolecules such as
proteins, can cause signal suppression. The
direct analysis of blood is particularly
difficult because of coagulation effects in the
sample introduction system, which lead to
blockage of the torch injector and result in a
loss of signal.

Conventional multi-element
determination of Cr, Co, Ni
and Pb in whole blood by 

sector field ICP-MS

Two approaches have been described for
the determination of trace metals in
biomedical samples. The first uses
mineralisation of the sample with acid,
followed by dilution and analysis5. The
second involves direct analysis and requires
sample dilution, usually with ammonia to
lyse the red blood cells, EDTA to prevent

loss of the metals by precipitation or
adsorption and Triton X-100 to reduce
blockage of the torch injector6, 7. The direct
analysis of whole blood has a number of
benefits:
• reduction in the potential for

contamination
• reduction in analysis time and therefore

cost
• maintenance of low blank concentrations

and detection limits. 
The present work describes the direct

analysis of whole blood for Cr, Co, Ni and
Pb, compared to the use of a standard
operating procedure involving acid digestion
in a microwave oven.

The analysis of chromium is usually

carried out by measuring the isotope at

mass/charge ratio (m/z) 53, because the

more abundant isotope at m/z 52 (83.8%),

suffers from interfering polyatomic ions

generated from argon adducts of carbon,

oxygen or nitrogen (see Table 2). Obviously

these other ions are present to a large extent

in blood. However, with a double focusing

fixed magnetic sector instrument, all of these

interferences can be resolved from the m/z of

interest. It is not possible to achieve this

using quadrupole ICP-MS (Q-ICP-MS),

because of the lower mass resolution

attainable with these instruments. Figure 1 (a)

shows the mass spectrum in the region of

m/z 52, for the analysis of chromium in the

acid digested blood. It clearly shows the

presence of a large interference, which is 

well resolved from the analyte of interest.

Figure 1 (b) shows the same mass range but

this time the sample has been diluted down

and analysed directly. Again the presence of

Table 2: Polyatomic mass spectral interferences affecting 
the measurement of the trace metal ions of interest4

Inductively coupled plasma mass spectrometer

Analyte Mass Polyatomic Mass Resolution
interference required

52Cr 51.94 40Ar12C+ 51.96 2376
36Ar16O+ 51.96 2367
38Ar15N+ 51.97 2054

59Co 58.93 43Ca16O+ 58.95 2878
36Ar23Na+ 58.96 2444

60Ni 59.93 36Ar24Mg+ 59.95 2750
23Na37Cl+ 59.96 2410

76Se 75.92 38Ar38Ar+ 75.93 7081
77Se 76.92 40Ar37Cl+ 76.93 9182
78Se 77.92 40Ar38Ar+ 77.93 9970
80Se 79.92 40Ar40Ar+ 79.92 9688
82Se 81.92 40Ar42Ca+ 81.92 19069
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a large interference, well resolved from the

peak of interest, is clearly shown.
The data for the chromium spike (Table

3) shows quantitative recovery using both
sample preparation methods and analysis in
medium resolution mode (R = 3000). However,
analysis of the spiked digestate in low resolution
mode resulted in a very large recovery due to
the unresolved interference (Figure 1 (a)).
This would also be the case if the digest had
been analysed using Q-ICP-MS.

The lowest limits of detection for all the

metals (3 times the standard deviation of the

blank signal, multiplied by the dilution

factor), were found with the direct method.

Analysis of the reconstituted freeze dried

whole blood CRM (AMI B1001,

Referensmaterial AB, LGC (Teddington)

Ltd, UK) for cobalt and lead using both

sample preparation methods, gave good

agreement with the certified values using

medium resolution mode. However, the

value for chromium was higher than the

certified figure using both methods. This

was also noted by other workers using a

similar sector field ICP-MS instrument, for

the analysis of human serum8. Further work

to evaluate the possibility of another

interfering ion at m/z 52, using Cr ratio

analysis will be carried out.
The only method with a detection limit

low enough to determine 5 ng g-1 nickel in
whole blood, was the direct method in
medium resolution mode. Using low
resolution mode and sample digestion gave
good agreement for cobalt, but both the lead
and chromium values were higher than the

certified values. Future work will apply
isotope dilution analysis at clinically
important concentrations to the analysis of
trace metals in whole blood.

High accuracy measurement
using isotope dilution analysis

(ICP-ID-MS)

The isotope dilution measurement
approach has been discussed in previous
VAM articles9, 10. It is based on the addition
to the sample of an isotopically enriched
material (often referred to as the spike),
which acts as an internal standard. Provided
the enriched isotope is present in an
equivalent state to the natural isotope, it can
perform the role of the ideal internal standard

and exactly compensate for errors arising at
all stages, from sample preparation through to
the final instrument measurement. In order
to realize the potential of ID-MS to achieve
the highest possible accuracy it is essential to
adopt rigorous experimental procedures,
such as those developed at LGC11, 12.

Determination of Se in 
serum by ETV-ICP-ID-MS

The analysis of selenium in serum by
ICP-MS is hampered by the problems
outlined previously. The first ionisation
energy of selenium is high, resulting in only
30% ionisation occurring in the plasma13,
which leads to low signals and poor sensitivity.
As illustrated in Table 2, the majority of the

C O N T R I B U T E D  A R T I C L E S

1DL: detection limit, defined as 3 x standard deviation of the reagent blank concentration x dilution factor (10)). 2RPL: reporting limit, defined as 10 x standard
deviation of the reagent blank concentration x dilution factor (10)). 3NC: not certified. r: correlation coefficient. 

Table 3: Summary of results for the analysis of all four metals in spiked whole blood. 
Sample preparation using two different sample preparation methods, spiking level was 5 ng g-1

Method Isotope Resolution Calibration Validation
1DL ng g-1 2RPL ng g-1 r2 Spike ng g-1 CRM ng g-1

Found Value ± SD

Digestion 52 Cr 300 0.9 3 0.9999 649 390 1.98 ± 0.09
59 Co 300 0.03 0.1 0.9999 5.9 16.3 13.2 ± 0.56
60 Ni 300 2 5 0.9998 <RPL <DL NC3

208 Pb 300 0.5 2 0.9998 41.9 45.8 38.3 ± 0.04

Direct 52 Cr 3000 0.1 0.4 0.9966 4.85 3.29 1.98 ± 0.09
59 Co 3000 0.03 0.1 0.9995 4.78 14.1 13.2 ± 0.56
60 Ni 3000 1 3 0.9926 4.29 <DL NC3

208 Pb 3000 0.5 2 0.9995 35.0 34.5 38.3 ± 0.04

Digestion 52 Cr 3000 0.3 1 0.9999 4.92 5.02 1.98 ± 0.09
59 Co 3000 0.08 0.3 1.0000 4.54 13.9 13.2 ± 0.56
60 Ni 3000 6 20 0.9993 <DL <DL NC3

208 Pb 3000 0.8 3 0.9966 36.8 36.5 38.3 ± 0.04
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Figure 1 (a): Mass spectrum in the region of chromium m/z 52,
showing the interference present in a digested blood sample
spiked with 5 ng g-1 chromium
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selenium isotopes suffer from spectroscopic
interferences, and matrix effects, which often
result in signal suppression. 

Hydride generation (HG-ICP-MS)
techniques have been used to overcome
some of these problems14. Greater sensitivity
is attainable owing to the improved sample
delivery rate and reduction of interferences 
is achieved due to analyte removal from 
the matrix. However, lengthy sample
preparation procedures are generally
required to convert the non-hydride forming
organic selenium compounds present in the
sample to Se (IV), so that the volatile
hydrogen selenide can be formed.

An alternative and more direct
method is electrothermal vaporization
(ETV) coupled with ICP-MS detection.
This technique has the advantage of using
very small sample sizes (typically 5-50 µl), an
important consideration when dealing with
clinical samples which may be of limited
size, and unlike hydride generation does not
require lengthy sample preparation
procedures. Elimination of interferences is
also feasible with this method. With careful
optimisation of the temperature program it is
possible to control the vaporization of
interfering analytes so that they do not arrive
at the plasma at the same time as the analyte
under investigation, thus reducing 
the degree of interference. Figure 2 (a) and
(b), demonstrate the removal of chlorine 
and hence elimination of the 40Ar37Cl+

interference on 77Se.
Similar responses were observed when

monitoring the bromine and sodium signals.

At 800°C both signals coincided with the Se
signal, but on increasing the temperature to
1200°C vaporization of the interfering
species was complete prior to that of the
analyte of interest. With this procedure the
interference free analysis of selenium using
the 77Se and 82Se isotopes is now possible.
Further development of the method to
improve the accuracy and precision, was
implemented by using the procedure of
isotope dilution mass spectrometry (ID-MS).

The sample is spiked with a solution
containing the enriched 77Se isotope and the
82Se/77Se ratio is measured and used to
calculate the concentration of selenium.
Table 4 contains the results from the
analysis of a bovine serum certified reference
material (NIST 1598) by ETV-ICP-MS,
both with and without isotope dilution. 
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Figure 1 (b): Mass spectrum in the region of chromium m/z 52,
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Figure 2 (b): Pyrolysis temperature of 1200°C.
Removal of Cl interference
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The two procedures have produced very
similar results, but the precision with the
ETV-ICP-ID-MS method is an order of
magnitude better than that achieved with the
conventional ETV procedure. 

Conclusions

This article has highlighted the impor-
tance of trace metal analysis in clinical and
biomedical science, as well as the difficulties posed
by measurement of trace metals in complex
matrices, at biochemically significant levels.

The selenium work reported in this
article was first presented in poster form at
the European Winter Conference on Plasma
Spectrochemistry, 1999, Pau, France. The
analysis of whole blood was presented in
poster form at the 6th International
Conference on Plasma Source Mass
Spectrometry, 1998, Durham, UK.
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Table 4: Results for the analysis of NIST 1598 bovine serum, containing a certified concentration
of 42.4 ± 3.5 ng g-1 selenium

Concentration (ng g-1)

Isotope Replicate 1 Replicate 2 Replicate 3 Mean SD RSD %

ETV-ICP-MS 77Se 42.4 40.7 41.3 41.4 0.62 1.49
82Se 40.4 41.3 40.7 40.8 0.37 0.92

ETV-ICP-ID-MS 82Se/77Se 40.85 40.89 40.91 40.88 0.02 0.06

Trevor Delves,
Consultant
Biochemist,
Southampton
General
Hospital

Introduction

This article focuses on the use of simple
diluents for overcoming matrix and (some)
isobaric interferences in the analysis of body

fluids by inductively coupled plasma mass
spectrometry (ICP-MS) to obtain valid
elemental and isotopic analyses.

Interferences from 
biological samples

Matrix effects
The main effect of the sample matrix

from whole blood, serum or urine in solution
nebulisation (SN) ICP-MS is generally to
suppress analyte sensitivity. This arises from
the influences of proteins on the nebulisation
efficiency and the dominance of high
concentrations of easily ionised elements, K,
Na and Ca, in the ICP. Another but less
predictable matrix interference is the
blockage of the torch’s injector tube caused

An important aspect of LGC’s work under the VAM programme aimed at
improving attainable levels of measurement accuracy is encouraging and

collaborating with the leading UK groups in the field. One such field is accurate trace
analysis of clinical samples. In July last year, LGC hosted a research colloquium which
brought together its own scientists and a number of UK researchers active in this area.
The plenary lecture presented by Dr Trevor Delves, a world-recognised authority on
determination of trace metals in body fluids, forms the basis of this article.

Valid analytical measurements in
clinical applications of ICP-MS
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by depositions from the high protein
concentrations of blood/serum. A simple
dilution procedure which overcomes these
interferences has been developed in my
laboratory. This consists of preparing 1 + 10
to 1 + 15 dilutions of whole blood or serum or
urine in an aqueous diluent which contains
NH4OH, (NH4)2H2EDTA and Triton X100
at final concentrations, respectively, of: 0.01
mmol-1, 0.0002 mmol-1 and 0.066% v/v, and
to which an appropriate internal standard is
added. The NH4OH lyses the red blood cells
and together with Triton X100 dissolves
their membranes, the (NH4)2H2EDTA keeps
the metal ions in solution at high pH (~ 9.0).
The Triton X100 also reduces surface
tension and viscosity to aid efficient
pneumatic nebulisation. The diluted sample
solutions are clear, homogeneous and stable
for at least 24 hours. Diluted whole blood
may be analysed in analytical runs lasting at
least 4 hours with a 2:1 sample/wash time
ratio without blocking the injector tube. The
wash solution contains the same diluent as
the samples but at a 10 times lower
concentration. The diluent was originally
developed for analysis of lead in blood by
ETA-AAS1 and later modified for ICP-MS
measurements of stable lead isotope ratios in
blood2 and of mercury in blood and urine3.
Provided that matrix-matched standards are
used – prepared by additions to appropriate
control specimens of either human or animal
origin – this diluent overcomes all of the
matrix interferences associated with analysis
by SN-ICP-MS. This general approach has
proved successful over the past 10 years 
for analysis of B, Be, Bi, Br, Hg, I, La, Mo,
Pb, Sb and Te in body fluids. Others4,5 have
also subsequently adopted and/or modified
this approach.

Isobaric interferences
These are negligible for the above

analytes and for many others but they are
particularly serious for the 3d transition
elements and Se which together comprise
the bulk of trace elements which are
essential to man. Isobaric interferences arise
when the instrument’s resolution is
insufficient to discriminate between m/z
ratios of the analytes from those of other
elements or of adduct ions formed from
argon and other elements present in the
solution being analysed. Procedures for
overcoming these isobaric interferences may
be instrumental, mathematical or chemical.

The most effective, and also most expen-
sive, procedures involve high resolution
(HR) ICP-MS. This has been used to

differentiate 40Ar12C from 52Cr at a resolution
of ~ 30006. The recently developed hexapole
ICP-MS instruments are also very effective
at eliminating isobaric interferences7.
Mathematical correction following principal
components (Na, K, Ca, Ar) analysis has
been used with low resolution ICP-MS to
measure accurately Fe and Ni in biological
samples8. This procedure is, however,
complex and time-consuming and cannot, 
of course, be applied to mono-isotopic
elements, e.g. 59Co and 55Mn.

Of the chemical procedures used to
remove isobaric interferences in ICP-MS,
separation of the analyte from the matrix
using gel filtration has proved particularly
successful for measuring Cu in serum9. An
alternative approach has been to use
electrothermal vaporation (ETV) to
minimise the oxygen concentration within
the ICP and thus eliminate interference from
40Ar16O on 56Fe. Williams10 used ETV-ICP-
MS for some elegant studies of iron uptake
in pregnancy. Turner11 has successfully
developed an accurate method for measuring
Se in serum using ETV-ICP-MS.

Simple chemical modification of the
sample solution or of the plasma gas can also
eliminate some isobaric interferences with
SN-LR-ICP-MS. Evans and Ebdon12 found
dramatic reductions in polyatomic ion
interferences from 40Ar35Cl on 75As and from
40Ar38Ar and 40Ar40ArH2 on 78Se and 82Se
following either the introduction of N2 gas
(30 ml min-1) into the Ar plasma or by the
addition of 10% v/v propan-1-ol to the
sample solution. Unfortunately, there was an
accompanying decrease in analyte sensitivity.
Following this line of attack, work in my
laboratory has shown that the presence of 1%
v/v butan-1-ol in the sample solution to be
analysed combined with a slight decrease in
rf power, eliminated all isobaric interferences
at 77Se, 78Se and 82Se and also gave a modest
1.5-fold increase in analyte sensitivity13. This

method has been used routinely for more
than one year to produce accurate analyses of
selenium in serum and is currently being
applied to measure selenium in whole blood
and in separated erythrocytes14.

General protocol for valid
clinical analyses by ICP-MS

A general approach to obtaining valid
clinical elemental and isotopic analysis
which has proved successful over the past 10
years in my laboratory is based on chemical
modification of sample matrices using the
NH4OH/(NH4)2H2EDTA Triton x100
diluent described earlier2,3 for more than 15
elements in blood, serum and urine. The
principles involve matching the matrix of the
calibrating standards with that of the test
samples, a standardised internal quality
control (IQC) protocol and validation by
within-run analyses of certified reference
materials (CRMs) and by participation in
external quality control (EQA) or proficiency
testing (PT) schemes. For some elements
there are no appropriate CRMs, for others
there are no EQA/PT schemes and for rarely
measured elements none of these are
available. Validation of analyses of these
elements relies on spiked sample recovery
tests and on ‘blind’ repeated analyses of
laboratory prepared IQC samples. Examples
of analyses of all three types of elements are
discussed: Hg and Se for which both CRMs
and EQA/PT schemes are available; Be – only
one CRM available; and La for which there is
neither CRM nor EQA/PT scheme. In addition
applications of stable Pb isotope analyses will
be described where calibration is effected
using solutions of NIST CRM 981 Pb metal
but the analyses are controlled using
externally validated IQC blood samples. 

Sample Preparation
A general standardised procedure for

preparing blood, serum or urine for analysis
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Volume Materials used in preparation of:
µl

Blanks Calibrating standards Test samples

200 De-ionised water Control serum/blood/urine Test blood/serum/urine

200 Zero standard Calibrating standards Zero standard

200 Internal standard, Internal standard Internal standard
e.g. 20 µg/l In

200 Diluent Diluent Diluent

2200 De-ionised water De-ionised water De-ionised water

Table 1: Sample preparation



by ICP-MS is given in Table 1. This
produces dilutions of test samples and of
calibrating standards with almost identical
compositions thus eliminating those
interferences during analysis by ICP-MS
which have arisen from differences in the
matrix. Isobaric interferences for some
elements are eliminated by varying the
composition of the diluent e.g. adding
butan-1-ol for Se analyses.

Calibration and IQC protocol 
A minimum of four, and up to six,

calibrating standards, e.g. 0, 0.25, 0.5, 1.0.
2.0 and 5.0 µg/l are used. The stated volumes
of materials are added to appropriately
labelled polypropylene auto-sampler tubes
and mixed thoroughly before analysis.

Data acquisition times are 3 minutes per
sample with 3 replicates per sample and
peak hopping between analyte and internal
standard masses.

The IQC protocol outlined in Table 2 is
probably similar to that used in many
laboratories. It is important that the nature
of the IQC sample resembles as far as
possible the sample being analysed.

Results of test samples are only accepted
if (a) they are bounded by acceptable IQC
results and (b) if their duplicates differ by
less than 0.1 µg/l or by less than 10% of their
mean, whichever is greater.

Applications to 
clinical analyses

Mercury
Methods for measurements of mercury

in blood and urine were developed for an

EC funded study of mercury pollution in the

Amazon basin as a consequence of gold

mining activities. Because of the prevalence of

HIV and hepatitis viruses in the population

studied (1% and 10% respectively) the

samples were disinfected by addition of a

virucidal agent before analysis. The

treatment precipitated proteins from blood

samples which required dissolution with

tetramethylammonium hydroxide. Following

these treatments the samples were prepared

for ICP-MS measurements following a

similar protocol to that given in Table 1.

The final sample dilution was 1 + 29. The

IQC data during the period of the study are

given in Table 3 and the EQA/PT perfor-

mances are shown in Table 4.
The IQC data (Table 3) show good

agreement between ICP-MS results and
target values with biases of only -0.4% to
+3.3%. The ICP-MS results also agreed
with the group median or target values in
EQA/PT schemes (Table 4). There was a
negligible bias between ICP-MS results and
group median/target results for urine Hg.
However at the average concentration of Hg
in blood of 16 µg/l the ICP-MS data were
biased 4% low for inorganic Hg and 12%
high for organic Hg.

Selenium

The nutritional status of Se is assessed

by measuring this element in plasma/serum

and in blood. The sample preparation is

again based on that described in Table 1 but

in addition butan-1-ol is added at 1% V/V in

the final solution to eliminate isobaric

interferences at 78Se as reported13.

Laboratory prepared IQC materials were

prepared from pools of bovine serum and

blood. The basal samples were diluted 1+1

to produce abnormally low values <30 µg/l

i.e. L1 (serum) and QC A (blood). Elevated

concentrations in serum were produced by

spiking L2 with 50 µg/l and 100 µg/l (L3,

L4). Commercially available serum and

blood CRM’s Nycomed seronorm were also

used as IQC samples.

The IQC data (Table 5) show good

agreement between means of observed

values and target between-run precisions for

both serum and blood ranged from 12.7% to

14.5% at low (<30 µg/l) concentrations, and

from 3.7% to 8.9% above 60 µg/l.
The performance of the ICP-MS

method in UK-TEQAS (Guildford) and the
PT scheme from Centre de Toxicologie de

N: number of samples. r: correlation coefficient.

Table 4: Performances in EQA and PTA schemes for mercury
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Step Procedure, observation and action

1. Run blank. This must be 0.05 µg/l or lower before proceeding to 2.

2. Establish ‘additions calibration graph’. Only proceed to 3 if r2 ≥ 0.99 
(r = correlation coefficient)

3. Run a set of not less than two IQC samples, singly. Both results must be 
within 0.1 µg/l or 10% of target, whichever is greater, before proceeding to 4.

4. Run a set of not more than 10 test samples in duplicate. Proceed to 5.

5. Repeat steps 3 and 4 until all analyses are completed.

Table 2: Internal quality control protocol

Matrix IQC Mercury concentration, µg/l

Target Observed

Mean SD No. analyses

Blood QC 322 6.0 6.2 0.64 27

Blood QC 553 12.0 12.2 0.9 21

Urine H9217 63.8 63.0 2.9 10

Urine H9306 24.1 24.8 0.4 9

SD: standard deviation. Blood IQC samples supplied by Trace Laboratories, Birmingham, UK.
Urine IQC samples supplied by Programme de Comparisons Interlaboratoires, Quebec, Canada.

Table 3: Internal quality control data for blood – 
mercury and urine – mercury analyses

Species Sample EQA/PT Regression data Reference
scheme

slope intercept N r2

Inorganic Urine HSE-HERMES, 1.003 -0.7 51 0.999 Moreton
Hg (µgl/l) UK-TEQAS, and Delves

QUEBEC 19983

Inorganic Blood QUEBEC 1.066 -0.4 12 0.976
Hg (µg/l)

Inorganic Blood QUEBEC 1.179 -0.9 12 0.987
Hg (µg/l)



Quebec over a 15 month period, for analysis
of 109 samples with concentrations from 24
to 340 µg/l is summarised in the following
regression equation.

ICP-MS = 0.969 x Group median/
target -2.4 µg/l; r = 0.992

This gives a mean bias of -6.7% at 67
µg/l which is the median concentration
found in UK subjects aged 4–18 years.

Beryllium 

The measurement of Be in blood and

other biological samples to monitor human

exposure demands highly sensitive analytical

methods because of its toxicity, e.g.

threshold limit values (TLV) are 4 µg/l in

blood serum and 6 µg/l in urine15. A simple

rapid ICP-MS procedure was developed for

the determination of Be in whole blood and

plasma. Samples (500 µl) were diluted as in

Table 1 but using a 1 + 19 dilution, and

analysed using either Li or Sc as internal

standard. It seemed prudent to investigate

the use of Sc as an alternative internal

standard because of the possibility of

receiving blood preserved with lithium

heparin anticoagulant. Calibrating standards

are prepared by addition to a blood or serum

sample of Be standards at 0, 1, 2 and 5 µg/l

in 0.02% w/w HNO3.
The calibration is linear, r2 ≥ 0.998.

There was a slight difference in sensitivity
with either plasma or whole blood. There
were no differences in analyses of Seronorm
reference whole blood using Sc or Li as
internal standard (Table 6). The data, mean
± SD (N), were: 5.00 ± 0.04(4) µg/l using
Sc as internal standard, and 4.99 ± 0.02(4)
using Li as internal standard. Both sets of
results agree with the target value of 5.0 µg/l.
The method has a detection limit of 0.2 µg/l
(3 SD of blank measurements). The within-
run RSDs are 3.2% at 1 µg/l and 1.8% at 5

µg/l. The between-run RSD is 6.0% at 5.3
µg/l (N = 10).

At present there are no EQA/PT schemes
for Be in serum.

Initial studies of 14 men prior to

commencing working with Be gave results

below 0.2 µg/l for all except one for whom

the blood concentration was 0.34 µg/l.

Clearly longer data acquisition times are

needed to detect the physiological

concentrations of Be in the blood plasma of

unexposed subjects. However, the current

level of analytical performance is more than

adequate to detect increases in blood plasma

Be well below the threshold limit of 4 µg/l.

Lanthanum

For the determination of La in

serum/plasma and whole blood the general

protocol given in Table 1 was followed but

with one additional standard, 10 µg/l added,

to cover any possible elevated levels.

Calibration 

Calibration graphs – 2 aqueous standards,

1 plasma matrix and 1 whole blood matrix –

were linear over the concentration ranges

studied (up to 10 µg/l) with good proximity

of data points to the regression lines. The r2

values ranged from 0.9985 to 0.9999 (Table 7).

The variation in the mean slope of all four

regression lines (i.e. sensitivities) was only

7.7% over an 11 day period. Even so, there was

a suggestion of a slight enhancement of sensit-

ivity in the presence of the biological matrix.

Limit of detection and of quantitation

Pooled data from 40 tubes used in blank

studies gave limits of detection (3 x SD

blank) and of quantitation (10 x SD blank)

of, respectively, 0.04 µg/l and 0.13 µg/l.

RSD: relative standard deviation. N: number of samples.

Table 5: Internal quality control data for Se in serum and blood
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Matrix IQC Target Observed value, µg/l
sample value

µg/l Mean SD RSD% N

SERUM

Bovine L1 23.7 25.3 3.2 12.7 18

Bovine L2 54.5 57.6 3.2 5.6 13

Bovine L3 104.2 103.4 6.3 6.1 13

Bovine L4 145.3 151.6 7.1 4.7 13

Seronorm 605113 78.2 75.8 4.7 6.2 13

BLOOD

Bovine QC A 29.2 32.4 4.7 14.5 18

Bovine QC B 63.2 61.6 5.5 8.9 18

Seronorm 404107 79.7 86.1 3.9 4.5 18

Seronorm 404108 82.1 86.9 3.2 3.7 16

Seronorm 404109 79.0 85.3 3.9 4.6 16

Table 7: Regression data for calibration graphs

Calibration file Matrix Slope Intercept r2

980115La A Aqueous 0.0254 -0.0021 1.0000

980116La B standards 0.0247 -0.0013 0.9993

980120La C Plasma 0.0272 0.0001 0.9998

980126La D Blood 0.0293 0.0016 0.9998

Mean 0.0267 -0.0004 0.9997

SD 0.0021 0.0016 0.0003

RSD% 7.7 414 0.03

N 4 4 4

Table 6: Measurement of 
Be in Seronorm whole-blood
CRM target 5.0 µg/l
comparison of internal
standards

Day Be found µg/l Internal standard
Mean ± SD 
(N = 3)

1 5.05 ± 0.10 Se

1 4.96 ± 0.13 Se

2 5.00 ± 0.28 Li

2 4.97 ± 0.25 Li
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Internal quality control (IQC)
Lanthanum standard solutions in the

appropriate matrix were analysed
concurrently as IQCs with the test samples
at a frequency of not less than one IQC per
10 test samples. The IQC data (Table 3)
show (with one exception) very good
agreement with the concentration of
lanthanum added. The precision ranged
from 4.5% to 12.7% (mean 9.5%) at 0.25
µg/l and from 8.5% to 16.2% at 0.5 µg/l

(mean 11.1%). The respective inaccuracies
at these concentrations were: -8.6% to
+7.8% (mean 0.2%) and -0.1% to -6.4%
(mean -3.9%).

There are neither CRMs nor EQA/PT
schemes for La in biological specimens so
one is left with the estimates of inaccuracy
given by recovery data from analysis of
laboratory prepared IQC specimens (Table
8). With one exception – +0.34 µg/l (+34%)
– all of the IQC’s gave good recoveries from

91% to 108% of La added, mean 99.8%.
Thus, one can conclude that the method
produces valid analyses. Further evidence of
the validity of the data may be deduced from
Figure 1. This shows an excellent agreement
between matched serum and plasma
concentrations, i.e. from the same animal –
particularly for the high dose group – and
one would expect identical results for these
specimens following their separation from
the same source of whole blood, unless La
was specifically bound to fibrin.

Stable lead isotope ratio measurements

Lead is one of the few elements which
has stable isotopes produced by the decay of
radioactive parents. These radiogenic
isotopes 206Pb, 207Pb and 208Pb are produced
by the respective decay of 238U, 235U, and
232Th. The fourth stable lead isotope, 204Pb,
is not radiogenic and is a measure of
primeval lead. Since the relative abundances
of the radiogenic lead isotopes have each
been increasing at known, independent rates
since the earth was formed, there are
variations in lead isotopic compositions of
currently mined ores which are determined
by geological age and by the extent of co-
deposition with uranium and thorium. The
isotopic compositions of lead ores are
retained during natural and man-made
processes which contribute to environmental
lead and also during manufacture of
consumer products which subsequently may
become sources of lead exposure. It is
therefore possible to use measurements of
stable lead isotope ratios to identify sources
of lead poisoning, to distinguish different
sources of environmental lead and to
apportion the relative contributions to 
body-lead of different sources. These
investigations require that the different
sources of lead be isotopically distinct and
that increased uptake of a given source
produces a measurable change in the
isotopic composition of body-lead. An early
application of the general sample
preparation procedure for ICP-MS (Table
1) was to measure stable lead isotope ratios
in blood2. Calibration is effected using an
aqueous solution of the CRM NIST 981 Pb
metal. The IQC protocol is based on that
given in Table 2 and uses IQC whole-blood
samples which have been analysed by WI
Manton at University of Texas at Dallas
using TIMS. Using these pseudo CRMs as

C O N T R I B U T E D  A R T I C L E S

* Inaccuracy is the difference between IQC value and lanthanum added. Endogenous lanthanum 
has been subtracted from plasma, serum, and blood IQC data involving added lanthanum.

Table 8: Internal quality control data

Types of Lanthanum, µg/l
samples 
analysed

Added Found in IQC Inaccuracy* Relative 
to IQC standard 

deviation

Mean SD N µg/l % %

Blanks 0.00 0.053 0.021 6 0.053 39

0.25 0.254 0.029 7 0.003 1.4 11.4

0.50 0.499 0.043 7 -0.001 -0.1 8.7

Serum 0.25 0.229 0.029 2 -0.022 -8.6 12.7

Plasma 0.50 0.475 0.040 2 -0.025 -5.1 8.5

1.00 1.343 1 0.343 34.3 –

2.00 1.827 1 -0.173 -8.7 –

Blood 0.25 0.270 0.012 2 0.020 7.8 4.5

0.50 0.468 0.076 2 -0.32 -6.4 16.2

1.00 1.06 0.01 2 0.06 1.5 1.1
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4.0
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* Unexpectedly high value, possibility of contamination

Figure 1: Lanthanum in canine plasma, serum and whole-blood
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IQCs the mean bias of the ICP-MS data for
206Pb:207Pb ratios on blood ranged from 
-0.09% to + 0.08% with RSDs of 0.35%
and 0.15% respectively16,17. The low
abundance of 204Pb prevented any reliable
data being obtained by ICP-MS. However
measurements of the most abundant 208Pb
isotope gave similar accuracies and
precisions to the 207Pb and 206Pb data.

A plot of 208Pb:206Pb ratios against
206Pb:207Pb ratios for UK environmental lead
sources and lead in whole-blood and
deciduous teeth of some UK subject groups
(Figure 2) shows an excellent correlation for
the sources of lead and also very close
proximity of the data for blood and teeth to
the regression line. If there were only two
sources of environmental lead in the UK
(say water lead and petrol lead) then their
relative contributions to body fluids and
tissues could be assigned by simple
proportionation using the loci of their data
points along the line joining the data points
for water and petrol lead. Deviations from
this line indicate either additional sources of
lead or analytical errors, or both. It is
interesting to note from Figure 2 that the
data points for the Victorian lead pipes, and
1840 UK subjects (Franklin relics) are very
similar to each other and all are different
from the data points for current UK street
dust and blood and teeth of London
children. These changes in isotopic
compositions over the last 150 years suggest
a substantial contribution to body lead,
possibly up to 60–70%, from petrol lead.

Conclusion
A simple preparation procedure for

analysis of blood/serum/urine by SN-ICP-
MS has been shown to be applicable to a
wide range of elemental analyses and to
stable lead isotopic ratio measurements for
which isobaric interferences are negligible. A
further addition of a low molecular weight
organic molecule, e.g. butan-1-ol to this
diluent eliminates isobaric interferences at
77Se, 78Se and 82Se. This extends the range of
applications of this general procedure and
offers the opportunity to investigate the
reduction of other isobaric interferences, e.g.
40Ar35Cl on 75As.

It has been shown that in the absence of
CRMs and EQA/PT schemes, valid
analytical measurements of trace elements in
body fluids may be demonstrated with
recovery tests and laboratory prepared IQC

materials. Concurrent analyses of CRMs
gives better confidence, but an ideal
situation would be the use of IQCs, CRMs
and participation in EQA/PT schemes.
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All data are from Southampton except 1840 samples from Farrer (1993)
Sources of lead ★; blood samples   ; teeth or bone samples 
L = London; E = Edinburgh; C = children; B = blood; T = teeth
y = -1.007x + 3.27  r = -0.988, p < 0.0001

Figure 2: Stable lead isotope ratios in body tissues 
and environmental sources of lead
(reproduced with permission from MRC IEH report R9, 1998)
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Introduction

There are many analytical factors that
may invalidate what appears to be an

otherwise valid measurement. If the sample
is transported or stored incorrectly, then no
matter how good the measurement system
is, the result produced may well be
meaningless. The result of these trans-
portation and storage effects can either raise
or lower the apparent concentration of the
target analyte. This article examines some of
the storage factors that can affect a sample.
In addition, data is presented from recent
experiments examining the effects of storing
identical samples under varying conditions.

Storage effects can be both beneficial
and detrimental. Malt whisky could not be
produced if we kept sterile barley juice at
5°C and did not allow the final product to
mature over time. Analytical storage effects,
however, are less desirable. Storage effects
can not only be reflected in the loss of an
analyte. It is well known in forensic
toxicology that metabolites of drugs can be
converted back to the parent compound,
elevating the apparent concentration and
possibly indicating a drug overdose where
one does not exist.

What storage effects 
can exist?

In a recent report1, storage effects were
divided into three categories: primary effects,
secondary effects and analyte effects. Table
1 lists some of the factors and the category
that each effect falls into. 

A primary effect is defined as one 
that acts externally on the sample to alter 
the energy entering, or the environment of,
the sample. 

A secondary effect is defined as an effect
due to the environment containing the sample.

An analyte effect is dependent on the
physicochemical properties of the analyte itself.

Primary effects

As stated above, a primary effect alters
the energy entering a system. Using heat as
an example, this can be reflected in both a
temperature increase (energy input) or
temperature decrease (energy withdrawal)
from a system. Normally, energy withdrawal
from a system is used as sample preservation,
i.e. the sample is frozen. This does not
always stop sample degradation as can be
seen in the experiments described below.
Some compounds are not thermally stable,
therefore any increase in heat will cause
degradation of the analytes of interest. If we
look at clinical samples, for example, the
levels of steroids in serum can fall by a third
in three days if stored at room temperature. 

Secondary effects

Micro-organisms are a good example of
a secondary effect. The degree to which
micro-organisms can exert their effect,
however, can be dependant on other storage
effects. Other effects can dramatically alter
the degree of change that micro-organisms
can have. Heat can either promote, decrease
or eliminate microbial action. Preservatives
(another secondary effect) will prevent or
delay microbial action. Again using the
example of clinical samples, if the samples
are not stored in an appropriate manner,
then degradation can produce alcohol in a
urine sample by the actions of micro-
organisms on sugars that may be present in a
urine sample. This urine sample could then

be tested for alcohol under a Workplace
Drug Testing Programme and it is possible
that this individual may test positive. The
addition of another secondary effect, a
preservative such as sodium fluoride, will
stop the production of alcohol by inhibiting
the growth of the micro-organisms, but may
have an effect on either analytes of interest
or enzymes that are used to detect the
presence of drugs in the same sample.

Analyte effects

Cannabis and its metabolites are good
examples of compounds that display analyte
effects. After ingestion, the main
psychoactive component of cannabis, delta-
9-tetrahydrocannabinol, is metabolised to
11-nor-delta-9-tetrahydrocannabinol-9-
carboxylic acid which is eliminated via the
urine. This metabolite is easily absorbed
onto the wall of the sample container and
incorrect choice of sample container can
result in significant losses of this metabolite.
The use of plastic pipette tips has been
documented as removing between 1 and 7
ng per sample2. These analyte effects have
been described as independent of sample
volume. There appears to be a finite number
of binding sites in a container or on a pipette
tip, and once they are filled, no additional
analyte loss occurs. This loss or absorption
to the surface of a container can be reduced
by ensuring that the solution in which the
11-nor-delta-9-tetrahydrocannabinol-9-
carboxylic acid is stored is basic.

Experimental work

A recent series of experiments were
carried out at LGC under the VAM
programme to examine some of these
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How do storage conditions
affect your samples?

Storage effect Example

Primary effect Temperature, Lyophilisation, Drying, Sieving, Filtering, Light

Secondary effect Micro-organisms, Precursors, pH, Stabilisers, 
Container, Atmosphere, 

Analyte effect Absorption, Solubility, Stability

Table 1



storage effects. The results presented here
are the first of a two-part study, the second
part of which will examine the effect of
transportation on samples. The
experimental work examined the effects of
varying storage conditions on two naturally
occurring, forensically signif icant,
compounds in urine: testosterone and
epitestosterone. Testosterone and
epitestosterone are stereoisomers and are
produced together in the body. In most
normal healthy humans the ratio between
testosterone and epitestosterone (T:EpiT
ratio) is approximately 1:1 and is stable for
a given individual.  If ,  however, an
individual uses exogenous testosterone, this
ratio is disrupted and the T:EpiT ratio
increases. In order to combat this, the
International Olympic Committee has
defined that a T:EpiT ratio of greater than

6:1 is indicative of use of exogenous
testosterone and is an offence under their
rules. Any individual found guilty of taking
testosterone can be banned from
competition for life depending on any
previous doping convictions. In some cases,
however, incorrect storage of a sample has
resulted in an apparent increase in
testosterone levels and an apparent increase
in the T:EpiT ratio. This ‘incorrect’ result
could have serious consequences for an
individual’s career.

In the experimental work, the effects of
four different container types of equivalent
volume (glass, 2 types of polypropylene,
polystyrene) four temperatures (-20°C,
+5°C, +20°C and +37°C) and sample
sterility were examined over 8 time periods.
The experimental design was based on a
Taguchi L16 matrix (a statistical matrix)

mirrored to reflect the time variable
requiring eight levels.

The experiments were designed to
examine the concentration of testosterone
and epitestosterone and the ratio between
the two compounds in urine samples. These
compounds are normally eliminated from
the body in a conjugated form and the
samples were analysed for both free and total
(conjugated and free) steroids in the urine
samples. The analysis of these compounds
was carried out using gas chromatography-
mass spectrometry using deuterium labelled
testosterone as an internal standard. The
graphs presented only show the data for
epitestosterone. The data for testosterone is
very similar.

Free steroids
As expected there were very little free

steroids in any of the samples prior to day 7
at any of the temperatures present. The
results for epitestosterone are presented in
Figure 1. There are two trendlines on the
graph, one incorporating all the analytical
data, the second includes a modified data set. 

After day 7 there was a gradual increase
in the levels of these two compounds. Some
of the concentrations for epitestosterone
were apparently vastly increased. This
increase was present only in the samples that
were not sterilised and those stored at
elevated temperatures. On closer inspection
of the analytical results, it was noted that the
qualification criteria for the correct
identification of epitestosterone had not
been met. A compound, chemically similar
to epitestosterone had been produced by the
storage effects and had interfered with the
assay. These are the data points eliminated
from the second trendline (of the modified
data set). This apparent epitestosterone
appears to be produced by a combination of
effects, a primary and a secondary effect
working in conjunction, i.e. an elevated
temperature and the presence of bacteria. 

Conjugated (total) steroids
Conversely to the results for the free

steroids, there was an overall decrease in the
levels of total testosterone and epitestos-
terone in the samples. These results are
presented in Figure 2. As can be seen there
is a fall of over 80% in the levels of the
measured steroids over 128 days. The same
artefactual increase in the levels of epitestos-
terone occurs as for the free steroids.
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Figure 1: Free epitestosterone against time
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Container effects
Each of the four containers produced

different effects, these results are presented in
Figure 3. The polystyrene containers seem to
exert the greatest effects on the concen-
trations of the measured steroids, probably
due to an analyte effect, i.e. the analyte is

absorbed onto the walls of the container. 
These results show how in a very simple

series of experiments on sample storage,
multiple effects exert their effects: a
combination of heat (primary effect), sample
sterility (secondary effect) and container
(analyte effect). The apparent increase in the

epitestosterone was due to the production of
5a-androstan-3,17-dione from precursors in the
urine samples. In addition the derivatisation
method to allow the analysis of the steroids
produces two compounds (epitestosterone
and 5a-androstan-3,17-dione) that can only
be distinguished by a change in the ion ratios
produced by the mass spectrometer. It would
therefore be possible to mistakenly identify a
co-eluting compound and invalidate the
analytical result.

T:EpiT ratio
The variations in the T:EpiT ratio are

presented in Figure 4. As can be clearly
seen, the extreme apparent outliers for
epitestosterone have little effect on the
overall trendline. It should be noted that at
no time does the T:EpiT ratio increase so in
these experiments, a false positive result
would not be achieved.

Conclusions

The attribution of a single cause for the
loss or production of analytes is probably not
realistic. While the addition of a preservative
may help the situation, or a reduction of the
energy entering a system may reduce the
problems, these actions may in themselves
cause problems. Consequently, the most
reliable way to ensure that the analytical results
produced from an individual sample are as
realistic as possible, the sample should be
analysed as soon after collection as possible.
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Summary

This case study has been developed 
by LGC and the Specialised Organic
Chemicals Sector Association (SOCSA) 
of the Chemical Industries Association, 
in partnership.

A medium-sized company manu-
facturing speciality organic chemicals,
including ethoxylates, had a customer base
including the pharmaceuticals sector. 
The pharmaceuticals customers had 
more stringent requirements for product
specifications than its other customers. 
One of the raw materials used in the
synthesis of ethoxylates is the toxic gas
ethylene oxide. The company tested its
finished products for residual ethylene oxide
by a method it had adapted from a different
application – exposure monitoring for
ethylene oxide as the free gas in the
workplace environment. The adapted
method was never fully validated owing to a
lack of awareness of valid analytical
measurement at the time, as well as technical
barriers and resource limitations.

The drawbacks in this adapted method
suddenly became all too apparent when a
pharmaceutical customer checked the
company’s residual ethylene oxide levels by a
fully validated method. The method used by
the pharmaceutical customer had been
developed recently using the latest
headspace gas chromatography technology; a
reliable method of analysis had not
previously been available to anyone. The
validated method could be seen from first
principles to be better suited to the
ethoxylate samples, because controls and
corrections for the sample preparation
process could be built in satisfactorily. The
headspace method reported levels of residual
ethylene oxide in the ethoxylates up to 20
times higher than the old method. The
pharmaceutical customer at this point lost
confidence in the product, and took its
business elsewhere.

This chemical company learnt well from

its hard lesson. It realised that it could only
retain customer confidence in the long term
through reliable, and therefore validated,
methods. The validated method for residual
ethylene oxide was adopted, a smooth transfer
of the technique being ensured by appropriate
in-house validation checks. The company
also began to invest in its people through
analytical chemistry courses which included
a strong grounding in the VAM principles.

All the company’s methods are 
now validated before use. The most 
suitable method can be identified through
method comparison studies, or from the
literature sources, which are a growing
resource in line with the VAM emphasis on
comparability of analytical results. A
literature search can usually save a company
a substantial amount of its method
development and validation costs.

The business continues to grow in
turnover, profitability and market share.

C A S E  S T U D Y

VAM in the chemical industry

This is the second in a series of

case studies of the business

benefits of VAM. Companies often

perceive the merit in sharing their

own stories of the tangible financial

and technical benefits of the VAM

approach. It is hoped that these

articles will provide enough detail to

be of value beyond the industrial

sector directly involved, to a wide

range of businesses engaged in

analytical science.

Uses

Ethoxylates for the production of pharmaceuticals generally function as oil-in-water emulsifiers and
solubilisers. There are also specific uses, depending on the exact chemistry used in manufacture.

• The well-established castor oil-derived ethoxylates are used in oral and topical preparations and to
keep vitamins, essential oils and certain drugs in solution

• Ethoxylated glycerides are used as water-soluble emollients for topical applications and also as
superfatting agents

• Polyethylene glycol esters are used as detergents, in creams and lotions, and for intravenous
injections and oral preparations

• Ethoxylated sorbitan esters are excellent emulsifiers, wetting agents and dispersants, used for
stable emulsions and as solubilising agents for vitamins and flavours in mouthwashes

Cosmetic preparations such as shampoos, bath oils and skin preparations are also manufactured 
from ethoxylates.

Figure 1: Ethoxylate manufacture, headspace analysis, and uses



Technical background

Ethylene oxide is used in the production
of ethoxylates and other non-ionic surfactants
(see Table 1 for definitions of technical
terms). These surfactants are sold for
industrial use, including cosmetics and
pharmaceuticals manufacture (Figure 1). The
presence of residual ethylene oxide in the final
products is undesirable since it is toxic.

A medium-sized chemical company
producing ethoxylated alcohols sold its
material with a specification limit of 1 ppm
residual ethylene oxide. A thermal desorption
technique was available which had been
developed and validated for the determination
of personal exposure to atmospheric ethylene
oxide (Method 1). To estimate individual
exposure, a monitoring tube worn by each
employee, packed with a proprietary graphite-
based adsorbent, was used to collect ethylene
oxide from the workplace environment. This
was subsequently analysed by automated
thermal desorption-gas chromatography, with
the ethylene oxide being removed from the
monitoring tube and transferred to the gas
chromatograph by back flushing. Method 1
had been developed in conjunction with the
Health and Safety Executive, and it was
known that ethylene oxide was completely
removed from the tube in 15 minutes.

Since about 1980, the company had
used a modification of Method 1 to
determine the levels of ethylene oxide in its
non-ionic surfactants (Method 2). This was
the best available method at the time. For
Method 2, the surfactant product was
weighed directly onto an inert support
material - glass wool enclosed in PTFE - and
placed in a thermal desorption tube;
desorption and gas chromatography were
then carried out as for Method 1.

Limitations in the
methodology

Both Methods 1 and 2 were standard-
ised externally, with ethylene oxide dissolved
in hexane, and Method 2 was never fully
validated. There was little awareness in
many smaller and medium-sized companies
of the importance of method validation in
the early 1980s when Method 2 was used,
and strategies for validation were not well
developed. The VAM principles were not
available as guidelines of best practice.
Validation had a low priority in the
assignment of staff and financial resources.

2 6 V A M  B U L L E T I N
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HS 40XL Automatic headspace sampler

ethylene oxide The reactive, toxic, colourless gas CH2CH2O

surfactant A substance that reduces interfacial tension, allowing water 
to mix with oily materials

non-ionic surfactant Those which do not dissociate into ions upon dissolving in water

ethoxylate A non-ionic surfactant formed from ethylene oxide

ppm Parts of a named compound per million parts of the bulk

thermal desorption Gas samples are concentrated on an adsorbent material, which
analysis is then heated rapidly to release them for gas chromatography

thermal desorption A tube designed to hold the adsorbent for thermal 
tube desorption analysis

back flushing Reversal of gas flow through a thermal desorption tube when 
it is ready for desorption into the carrier gas

carrier gas An unreactive gas which is used to drive sample gases or 
vapours into and through a gas chromatograph

PTFE Polytetrafluoroethylene; a chemically inert polymer which is 
stable at typical gas chromatography temperatures

external standard A known quantity of the analyte that is injected directly into 
the gas chromatograph and produces a response that is used 
to correct sample results for fluctuations in the performance 
of the gas chromatograph 

internal standard A known quantity of the analyte or a related material that is 
prepared in the same way as the sample and is used to 
correct sample results for the effects of sample preparation

homologous series Organic chemicals that differ from each other only by the 
number of CH2 groups in the molecular structure

headspace analysis Gas samples are taken from a space in contact with the 
sample under controlled conditions of pressure and 
temperature (see Figure 1)

Table 1: Glossary of technical terms used in this study
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There was no protocol for the spiking of
the finished surfactant product with a known
amount of ethylene oxide to provide an
internal standard sample. The solid
surfactant would need to be warmed to allow
ethylene oxide to penetrate and distribute
homogeneously throughout the sample, but
the process would be reversible, making the
amount of spike difficult to control.
Alternatively, internal standardisation with
propylene oxide would at least have avoided
the problem of knowing how much residual
ethylene oxide was present in addition to the
known spike. But propylene oxide is also
toxic, and the deliberate introduction of
extra toxicity hazards is best avoided unless
absolutely necessary. Another drawback is
that, although propylene oxide is chemically
similar to ethylene oxide, the two
compounds being adjacent members of the
same homologous series, there are also
chemical differences between the two. These
differences could cause complex differences
of behaviour in an analytical method, which
may be impossible to interpret reliably.

Another problem was that thermal
desorption was carried out for a fixed
interval – 15 minutes – after which it was
simply assumed that desorption would be
complete. A VAM approach would require the
recovery to be checked after longer intervals.
It is preferable to avoid working under
conditions that will not always give a complete
recovery, even if a quality control programme
including matrix-based materials is in place.
This is because small variations in the sample
matrix, not represented by the standards and
controls, may produce large variations in
recovery. A thorough method validation will
indicate whether such variations are a real
danger for a particular method.

Had a broad examination of method-
ology been undertaken, the convenience of
evolving Method 1 (for gases) into Method 2
(for surfactant samples) might have been
outweighed by the technical advantages of
an alternative method. Discontinuous gas
extraction might have been suitable. In
discontinuous gas extraction, the thermal
desorption tube is thermostatted so that the
rate of release of adsorbed ethylene oxide is
better controlled. The sample is heated for
successive predetermined time intervals,
after each of which a stream of carrier gas is
introduced to sweep the desorbed gas into
the gas chromatograph. The amount of

desorbed gas falls exponentially with time,
and the original amount of ethylene oxide
residual in the surfactant sample could be
calculated from the exponential relationship.
A discontinuous gas extraction method has
been used for the determination of residual
ethylene oxide in sterilised medical products.

Crisis

Some of the company’s ethoxylate
products were sold to the pharmaceutical
industry. In order to make sales, the
company had to demonstrate that its analysis
of these products was fit for purpose by
providing validation data. In fact, Method 2
had not been validated properly for the
reasons described above. One of the
company’s pharmaceutical customers then
checked the levels of residual ethylene oxide
in its products by an alternative, validated
analytical technique – headspace analysis
(Method 3; see Figure 1). The company was
concerned about its customer’s findings, and
so it compared Method 2 and Method 3 by
studying test samples. It was found that
Method 3 reported levels of ethylene oxide
up to 20 times higher than Method 2.

Meanwhile, the customer lost
confidence in the chemical company’s ability
to offer a good service, and therefore took its
business elsewhere.

Remedial action

The importance of the VAM method
validation approach was brought home to
this chemical company in a very direct way
through the loss of a customer as a direct
consequence of insufficient method
validation. Continued use of Method 2
would eventually have led to loss of this
company’s market share in the pharma-
ceutical sector, damage to its image and loss
of profit.

The company responded by adopting
Method 3, bought the appropriate equip-
ment, and validated it for the immediate
analytical requirement, namely the
determination of residual ethylene oxide in
the surfactant materials. Method 3 was
considered to be superior not only because
the customer had used it, but because it had
been validated as a European Pharma-
copoeia method through a working party,
which had invited seven key companies to
participate in a collaborative trial. In-house

validation by the chemical company neither
was able nor needed to involve similar
resources. It was sufficient to perform spot
checks on the precision, reproducibility and
recovery of the method in the hands of
company employees, and to show that these
were in accord with the validated method as
used elsewhere.

Method 3 was also inherently preferable
for solids analysis, because samples were
prepared in vials and diluted with deionised
water instead of remaining as solids or pastes
until the ethylene oxide was extracted. It was
relatively straightforward to spike these
liquid preparations and so to provide
internal standards for Method 3.

Changing corporate culture

The company became aware of the need
for personnel with a strong background in
both quality assurance and analytical
chemistry to lead change. Specialised
industrial experience consolidated by an
appropriate MSc qualification was found to
provide personnel with the knowledge and
skills to encourage their colleagues to be
proactive about the quality of their analytical
measurements. University courses in
analytical chemistry including the VAM
principles were among the training inputs to
this change of corporate culture.

Many excellent validated test methods

are now available, and can be discovered by

a simple literature search. This can help

smaller companies in particular to use their

resources effectively in the adoption of a new

or improved method. Before a new test

method is adopted, the validation data

provided should be scrutinised closely; data

on specificity, linearity, range, precision,

sensitivity, accuracy, stability of standards

and robustness should be available.
Pharmaceuticals customers are now

highly aware of quality assurance issues,
including the need for good method
validation. Non-ionic surfactants are also
sold to the cosmetics industry, and not all
cosmetics customers display the same
awareness as the pharmaceuticals customers.
To avert a similar crisis with this group of
customers, the chemical company must
apply best quality assurance practice across
its whole analytical workload, although the
requirements for pharmaceuticals and
cosmetics products may be different not only

C A S E  S T U D Y
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in specifications but in the allowable
tolerance around those specifications. 
All these requirements must be agreed 
and explained in open discussion with 
the customer.

This chemical company now validates all
existing test methods, for instance if it grows
by the acquisition of existing analytical
facilities, as well as validating all new test
methods before they are implemented. Even
small firms do need to carry out validation 
at an appropriate level, building 
where appropriate on good published
methods, to ensure that their analytical
science is fit for purpose. As VAM and
validation are gaining profile with more
companies, customers expect to pay for a
higher quality of chemical analysis.

Ongoing improvement

As in most expanding medium-sized
chemical companies, quality assurance
systems and training programmes are
improving all the time. Quality assurance
procedures ensure continued improvement
of product quality and services (including
analysis), thus moving the business towards
supplying all the requirements of the
customer. VAM is seen as an integral part of
the corporate quality assurance system. The
company believes that this culture pre-empts
potential crises at the technical level (process
failure, loss of product, damage to plant or
to public property) and at the customer
relations level (breaches of contract, damage

to the corporate image), and ultimately
impacts positively on its market share 
and profitability.

In the future, the company intends to
continue to improve actively in all areas of
its business. In the analytical sphere, a
successful future is perceived as dependent
on investment in people and the latest
analytical technology, coupled with
improving quality assurance procedures.

The business benefits of VAM

• The VAM principles deliver the ability
to retain customer confidence in the
long term through methods that are
demonstrably reliable.

• A reliance on external customer pressures
in determining appropriate analytical
quality assurance may be dangerous.
Some customers may be unaware of
factors influencing the uncertainty and
reliability of the results. Discussion of the
analytical requirement, being open with
the customer about the limitations of the
analysis, could avoid a crisis.

• The most suitable method for the
analytical requirement can be identified
through method comparison studies,
and the associated interactions with
peers outside the organisation.
Interactions with peers, in particular,
will tend to prevent the adoption of an
inferior method that happens to be
convenient at the moment.

• The importance attached to compa-

rability of analytical results in VAM
tends to promote the publication and
wide acceptance of the best validated
methods. A literature search can save a
company money, because only some
appropriate checks need to be performed
before adoption of a validated method.
(But sample-related effects, such as
variations in the matrix material, must
always be thoroughly understood.) Both
method development and most
validation costs are saved.

• VAM encourages an investment 
in people. Appropriately qualified
personnel who also have experience of
the industry provide the knowledge 
and confidence to introduce and to
spread best practice in analytical 
quality assurance.

• A rational yet practical approach to
method validation, learned by
experience, is a skill that can 
be transferred between analytical
problems and techniques. Subsequent
validation exercises may be anticipated
to provide similar benefits, but with a
decreasing cost attributable to the
learning, planning and technical
management processes.

• The VAM principles themselves provide
a straightforward introduction to quality
assurance in analytical science, and this
study demonstrates that, included in
university courses, they prepare people
effectively to manage real analytical
problems in a commercial environment.

C A S E  S T U D Y

Shaun Burke and
Bill Hardcastle,
LGC

Introduction

The second article in this series dealt
with significance testing and showed how to
compare two sets of results in an objective
and unbiased way. This article expands on
the theme of significance testing by showing
how to compare results from more than two
sets of data. It shows how to separate and
estimate the different causes of variation
using a technique known as Analysis of
Variance (commonly abbreviated to ANOVA).

The arithmetic is quite straightforward though
it may become tedious when large data sets
are involved. However, many modern
spreadsheets contain built-in ANOVA
functions which enable the calculations to be
carried out with relative ease.

Whenever repeat measurements are
made there is always some variation. This
random variation can make it difficult to see
if there are significant differences between
groups of replicates. The central idea behind
ANOVA is that, where a set of replicate data

S T A T I S T I C S  I N  C O N T E X T

Analysis of Variance (ANOVA)

This is the fifth article in a series
of short papers introducing

basic statistical methods of use in
analytical science.
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can be grouped in some way, i.e. by analyst,
by laboratory, by process etc., the total
variation in the whole set can be represented
as the combination of the variations between
and within the groups. ANOVA enables
these different sources of variation to be
separated and compared in order to
determine whether the difference in their
magnitudes is significant. Put another way,
ANOVA enables us to answer the question:
do the different groups represent samples
from a common population?

ANOVA is particularly useful in
analysing data from designed experiments
and compared with the t-test for indepen-
dent means requires fewer calculations.

ANOVA variants

There are a number of variants of the
ANOVA method. The simplest of these is
One-way ANOVA. This is used when only
one factor is being considered and different
groups of replicate data for this factor are
available, e.g. we wish to find out if there is a
statistically significant difference between p
analysts from results where each analyst
carries out n replicate observations (p groups
of n values).

Two-way ANOVA is used when two
factors are being examined, e.g. replicates
from the analysis of two different
concentrations of an analyte. Multivariate
ANOVA (MANOVA) methods also exist for
still more complex experimental situations,
but a description of these is beyond the
scope of this article, see, e.g. Mardia et al1.

One-way ANOVA

The application of one-way ANOVA will
be illustrated first by ‘manual’ calculation and
then by using a built-in spreadsheet function.
Of course, for manual calculation one would
use whatever tools are to hand. A calculator
could be used but so too could a spreadsheet
if one is available. Apart from speeding up the
calculations, a spreadsheet has the added
advantage that the data can be plotted.

The results of an analysis for lead in a
soil sample, carried out by six different
analysts within the same laboratory and
using the same method, are shown in Table
1. We are interested in finding out whether
the differences between the analysts are
significant, given the obvious variation in the
replicate results from each analyst. The total
variation in the data is a combination of the

spread of results for each individual analyst
(within group variation) and the spread
between the mean values for different
analysts (between group variation). The
analysts’ results are shown graphically in
Figure 1. It is always a good idea to plot data
first so that any problems can be identified
and corrective action taken before the
statistical analysis is carried out.

At this point it is worth noting that,
while in principle we could perform multiple

t-tests, (e.g. A vs B, A vs C etc.) we would
need to calculate 15 t-values in order to
compare all combinations. Not only is this a
lot of work but the chance of reaching a
wrong conclusion increases as the number of
t-tests increase. The correct way to analyse
the data is by using ANOVA.

Manual calculation of ANOVA 

The calculations for ANOVA are quite
straightforward, as noted above, but it is best
to adopt a standard layout to avoid
confusion. The approach described next has
been found to work well in practice. We start
by generalising the problem as follows. 

Consider data on a single factor
arranged in p different groups (e.g. by
analyst, or by sample) and suppose that each
group consists of n observations giving a
total of N results (where N = pn). The aim
of the analysis is to determine if there are
differences between the p groups.

Let the results be represented by, 
xik, (i=1, 2, ..., p; k=1, 2, ..., n); these are
conveniently set out in tabular form as
illustrated in Figure 2. The entries in each
column are summed and the results entered
at the bottom of the table. These sums are
themselves summed to form a grand total
which is entered at the bottom right.

Having completed the standard data
table the next step is to evaluate expressions
(i) to (iii).
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Table 1: Results of lead 
in soil analysis

Analyst Lead / mg kg-1 Mean

A 52, 49, 50 50.3

B 55, 54, 53 54

C 51, 52, 53 52

D 53, 55, 58 55.3

E 54, 52, 58 54.7

F 51, 53, 57 53.7

Figure 1: Scatter plot of
replicate results by analyst

Figure 2: A standard data table for ANOVA



The statistic which measures the within
and between group variations in ANOVA is
called the sum of squares (SS). The central
tenet of ANOVA is that the total sum of
squares in an experiment can be divided into
components due to random variation, given
by the within-group sum of squares, and
components due to genuine statistical
differences between means (i.e. between
groups). It is these sum of squares
components that are used to test for
statistical significance via the mean squares
(MS) using a simple F-test (where 
MS = SS/df , df = degrees of freedom and 
F =  MSbetween  groups / MSwithin group).

The discussion so far has assumed that
each group contains equal numbers of
replicates. This will not always be so; missing
values are, unfortunately, a fact of life.
ANOVA can still be used in these circum-
stances but expression (i) must be modified
to take account of the unequal numbers. In
such cases expression (iv), should be
substituted for (i) in all that follows.

Note that, in this case, N ≠ pn and must
be determined by summing the numbers of
replicates in each group, i.e.        .

The sums of squares are calculated from

expressions (i), (ii), and (iii) and entered into

a results table (Table 2) together with the appro-

priate degrees of freedom. From these results

the mean square values are calculated and

these in turn are used to calculate an F ratio.

Finally, a critical F value (Fcrit) is

obtained from a set of statistical tables and

compared with the calculated F value (Fcalc).

To test if there is a difference between

the groups we formulate a null hypothesis

and an alternative hypothesis and use the F-

test result to decide between them. That is,

if Fcalc < Fcrit we accept H0 otherwise we

reject it. In this case, the hypotheses are:
Null hypothesis, H0: There is no differ-

ence between the p groups (the analysts).
Alternative hypothesis, H1: There is a

difference between the p groups (at least two
of the analysts).

Using the data from Table 1 and the
form of Figure 2, we obtain the values in
Table 3. The summations in Table 3 can
now be used to evaluate expressions (i) to (iii).
(i) = 51251.33 
(ii) = 51310
(iii) = 51200 
[p = 6, n = 3, N = 18]. 

The ANOVA table can now be
constructed and this is shown as Table 4.

The tabulated F value, at the 95% level
of confidence, for 5 and 12 degrees of
freedom is 3.106. The calculated F value

(2.1) from the ANOVA table does not
exceed the critical value and hence we accept
the null hypothesis; that is, we conclude that
there is no statistically significant difference
between the analysts. It should be noted that
in this context ‘significant’ means the
observed spread of means could have arisen
from the chance variation within groups.

Calculation using
spreadsheet ANOVA function 

Using the ANOVA routines built into
Excel (Excel v5.0, Analysis Tools/ANOVA
Single Factor) on the example data in Table
1 leads to the results shown in Table 5.

The calculated F value (Fcalc) is shown in
the column headed F and the critical value is
shown in that headed Fcrit. Comparing these two
figures it can be seen that F < Fcrit and there-
fore, as we already know, there is no statistically
significant difference between the analysts. In
addition, the Excel table gives a P value which,
when F < Fcrit, will have a larger value than the
a value set (a = 0.05 for 95% level of confidence).
You will note that the Excel results table,
conveniently, also supplies the Fcrit value thus
saving the necessity of having to look it up.
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Table 2: One way ANOVA results table

Source of Variation SS df MS F ratio

Between groups S1=(i)-(iii) p-1 M1=S1/ (p-1) M1/M0

Within groups S0=(ii)-(i) N-p M0=S0/ (N-p)

Total S1+S0=(ii)-(iii) N-1

Table 4: One way ANOVA results table for lead in soil data

Source of Variation SS df MS F ratio

Between groups 51.33 5 10.2 2.1

Within groups 58.67 12 4.9

Total 110 17

Table 5: Excel one-way ANOVA results for lead in soil data

Source of Variation SS df MS F P-value F crit

Between Groups 51.33 5 10.26 2.1 0.1357 3.1058

Within Groups 58.66 12 4.88

Total 110 17

Table 3: Standard data table for lead in soil data

A B C D E F

1 52 55 51 53 54 51

2 49 54 52 55 52 53

3 50 53 53 58 58 57

Summations 151 162 156 166 164 161 960
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Limitations of ANOVA

Where a significant difference between means

is indicated, ANOVA cannot tell us which indi-

vidual mean or means is/are different from the

grand mean or in which direction any differ-

ence operates. The most effective way to obtain

this information is to plot the data or alter-

natively, but less effectively, carry out a multiple

comparison test such as the Scheffe’s test2.

Assumptions in ANOVA

In ANOVA it is assumed that the data

for each variable are normally distributed. In

ANOVA we usually only have a few

measurements, so it is difficult to prove any

departure from normality using statistical

tests. It has been shown, however, that even

quite large deviations do not often affect the

decisions made on the basis of the F-test.

A more important assumption about

ANOVA is that the variances within

different groups are similar (i.e. the

differences between them are not statistically

significant). Distributions for which this

assumption holds are said to be homoscedastic

(when the variances are dissimilar, the

distributions are called heteroscedastic). If the

variances are not similar (as is often the case

in analytical chemistry) then the F-test can

suggest a statistically significant difference

when none is present. The best way to check

for homoscedasticity is, as ever, to plot the data.

ANOVA also assumes that the variability

within groups is uncorrelated with the mean

value of the groups. If this is not the case

then ANOVA may not be appropriate.

Although not done so here, a plot of the

variance (or of the standard deviation)

against the mean should always be made

before carrying out ANOVA.

Summary

The purpose of ANOVA is to determine
the statistical significance of differences in
the means of grouped data. This is achieved

by analysing the variance of the data by
partitioning the total variance into a
component due to random variation within
groups and components due to differences
between group means. These separated
components are then compared using the
variance ratio test (F-test). If the variance
ratio test indicates significance, we reject the
null hypothesis – conventionally formulated
as: ‘there is no difference between group
means’ – and accept the alternative hypo-
thesis that a genuine statistical difference
does exist between the group means.
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Anumber of activities for teachers of 16+
pupils, curriculum developers and

officers of the newly formed unitary
examining bodies have taken place since the
last issue of the Bulletin. Three workshops
were held, the aim of these being to
demonstrate the need for measurements fit
for purpose, improving the understanding of
the VAM principles as they apply at the
school level and to increase the awareness of
analytical science. In this way best practice is
being instilled at the earliest opportunity.

A one day workshop for curriculum
developers was attended by representatives
from the main science unitary examining
bodies – Edexcel Foundation, OCR and
AQA. The aim of this workshop was to show
why students should be made aware of the
need for reliable chemical measurements.

The delegates were set a practical

exercise that illustrated typical problems in
comparability of analytical results, using a
simple simulated quality control measure.

Dr Andrew Hunt, Nuffield Science co-
ordinator, described the PT scheme1 that is
organised for schools and colleges by LGC
and the Nuffield Curriculum Projects centre. 

Continuing with the measurement
theme, Professor Richard Gott from
Durham University, School of Education,
gave a presentation entitled, ‘Measurement
and evidence in science education.’ It is
acknowledged that science curricula place
some emphasis on evidence, its acquisition
and validation. Currently, this is not covered
in terms of fitness for purpose of a
measurement, at Durham, they have
developed materials that will enable students
to make such an evaluation. Also, he
demonstrated a multimedia interactive CD-

ROM which is under development at
Durham. This allows students to enter and
manipulate scientific data which may be
collected over a period of time.

A second workshop was the result of a
visit to LGC laboratories by some subject
officers from Edexcel. They were interested
in the concept of fitness for purpose of
measurements and the problem solving
nature of analytical science. In the near
future key skills are to be introduced in A-
level science programmes, these are
Application of Number, Communication,
Information Technology, Working with
Others and Problem Solving. These skills
have been included in order to provide
students with a more comprehensive science
education and greater preparation for
university and/or industry. It became clear to
the visitors that analytical science illustrates
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the need for these key skills and therefore is
an area to explore for suitable support
material to help deliver these skills.

A workshop to trial new materials was
held at the Association for Science
Education (ASE) annual conference held at
Reading University in January 1999. This is
the largest meeting in the UK for post
sixteen science teachers. The workshop was
organised and delivered as a joint activity by
LGC and the Edexcel Foundation.

The third workshop was organised
by the Life Sciences division at LGC. It
was a one day ‘hands-on’ workshop for 

A-level and GNVQ science teachers designed
to introduce them to the principles and
practices of the Polymerase Chain Reaction
(PCR). The theory and background of the
technique was complemented by practical
experience in both simple DNA extraction,
PCR and post-amplification analysis of the
final PCR product.

Delegates were provided with a
comprehensive manual. This contained an
explanation of the principles of the
techniques to be used and the practical
protocols required for the experimental
section of the day. It also included a number

of case studies that illustrated the diverse use
of PCR. In addition it showed clearly where
the topic fitted in with the syllabuses. 

All the activities aim to get the concept
of valid measurement across in a way
accessible to the students and as an integral
part of the syllabus being taught. 
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Current issues in 
teaching quality in chemical

measurements

The aim of the education and training
workshop was to bring together

teachers and course leaders from universities
with representatives from industry and
commercial laboratories to present, discuss
and evaluate appropriate materials for the
teaching of Analytical Quality Assurance
(AQA). The meeting was held in
Geesthacht, near Hamburg, at the GKSS
Research centre on 27–29 September 1998.

A number of experts in the field of QA,
from various European countries, presented
an outline of the structure and content of
lectures relating to selected AQA topics. The
lectures were followed by four parallel group
discussions appropriate to the theme of the
day. The first session was concerned with the
importance of analytical quality management
and quality assurance in industry, academia
and in research projects. These presenters set
the scene for the meeting and made it clear
that AQA does feature in all types of

measurement both routine and research.  
From a research point of view there

appeared to be disparity between different
countries and different sectors within
countries. The ‘client’ for the results from
university research is both the funding body
and the academic community. Neither of
these exert tight control or provide detailed
specifications for the research. The
expectations of those funding research varied
and this was one area where there may be
scope for more uniformity in Europe.

The discussion groups agreed that AQA
and quality management should be an
integral part of all science courses
(chemistry, biology, biochemistry, geology
etc.), the extent of the coverage geared to
the discipline. This could be achieved by
having a modular course with students
required to cover topics appropriate to their
main subject. Lecturers who had
implemented AQA in their practical classes
found that it was most effective when
students designed their own experiments
and had ‘real’ problems to solve.

The presentations in the closing session

outlined some specific European initiatives.
Although, quality assurance is well
established in most large laboratories there is
an enormous gap in the transfer of QA
knowledge to smaller laboratories. The need
for training action throughout Europe led to
the QUACHA (Quality assurance for
Chemical Analysis) project being funded in
1996 by the European Commission in the
Standards Measurements and Testing
programme. A status report of how this
project is progressing was presented. The aim
of the project is to provide effective materials
and courses for the purpose of training
working analysts throughout the European
Union. It is currently being developed in five
European countries. The meeting ended with
a presentation on the content and status of
the implementation of the Eurocurriculum1.
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LGC’s Office of Reference Materials
(ORM) continues to supply an expanding

array of reference materials in order to enhance
the analytical capability of laboratories world-
wide. The fifth edition of the catalogue will
soon be available. This provides a single source
for reference materials and contains details of
the materials available from the world’s leading
producers. LGC’s Reference Materials
Advisory Service (REMAS) will be pleased
to offer free advice if you have problems
locating the desired material. Contact the
ORM for a free copy of the catalogue. 

Reference materials (RMs) which have
been produced under the VAM programme
more recently include:-

Food matrix materials –
mackerel paste, pig liver
paste and crab paste

These were all produced from commercial
supplies of the relevant food. The materials
are all ‘wet’ matrices to ensure that they are
similar to products under test. Previously,
such RMs would invariably have been dried
and thus not be truly representative of the
samples being analysed. The mackerel was
produced from whole fillets and is provided
with certified and indicative values for
proximates and nutrients. The pig liver was
obtained from fresh pig’s liver. Certified and
indicative values are supplied for a range of
metals. The crab paste was produced from a
mixture of brown and white crab meat.
Certified and indicative values are provided
for a wide range of metals.

Food additives – potato
powder, corn oil and olive oil

All these materials derive from
commercial supplies. Preservatives and
antioxidants are widely used in foodstuffs.

Preservatives are used to prevent attack from
microbes, and antioxidants protect food from
oxidation as the antioxidant is preferentially
oxidised. Although they are beneficial at low
levels, excessive amounts of these additives
can be toxic, and permissible levels are
regulated under European legislation.
Accurate analysis of these food additives is
essential, and matrix reference materials
assist laboratories in the quest for valid
measurement. The potato powder is certified
for sulfur dioxide and the corn oil is spiked
with known amounts of BHA and BHT. The
olive oil is available as a set of two, certified
for a-tocopherol at high and low levels.

Pet food – dog biscuits 
and canned cat food

The dog biscuits were acquired in bulk,
then milled and sieved. The resulting
powder was vacuum sealed. The powder is
certified for moisture, nitrogen, fat, ash and
chloride. The canned cat food marks a novel
approach. Such food reference materials are
usually freeze-dried, but this is available in a
more natural state. A commercial fish recipe
cat food was ground, mixed thoroughly and
canned under vacuum. The material is
certified for moisture, nitrogen, fat and ash.
Indicative values are supplied for chloride,
potassium and sodium. These provide an
unique opportunity to use matrix reference
materials for pet food analysis.

Environmental matrix
materials – soil, sludge 

and fuel ash

These materials all derive from natural
sites. A sewage sludge was obtained from a
disused sewage works. Assessed and
indicative values are given for a wide variety
of extractable metals. Two different

contaminated site soils have been produced.
One is from a gasworks and provides
assessed and indicative values for a range of
polycyclic aromatic hydrocarbons. The other
soil, contaminated with clinker/ash, provides
assessed and indicative values for a range of
extractable metals. The pulverised fuel ash
provides assessed and indicative values for a
large number of extractable metals. These
materials are intended for regular quality
control use.

UV-Visible standards for
HPLC detectors – wavelength
and absorbance standards

These standards are designed to enable
analysts to verify that their HPLC uv-vis
detectors are operated at the appropriate
wavelength and within the linearity of the
absorbance scale. The wavelength standard
comprises a solution of rare earth oxides in
perchloric acid, certified for various
wavelengths. A blank solution is also
provided. The absorbance standard
comprises eight solutions (including a blank)
of a mixture of metal salts in perchloric acid,
for which absorbance values have been
certified at four wavelengths. 

All LGC’s reference materials are
provided with a comprehensive certificate of
analysis or a statement of measurement.
This document provides details on the
preparation of the material, homogeneity
and stability assessments, instructions for
use, storage and shelf life and the analytical
methods used. The level of uncertainty is
provided for all certified and assessed values.

These materials are the latest in a long
line of reference materials produced with the
aid of VAM funding. Please contact the
ORM if you require information on any of
these materials. (Tel: 0181-943 7565; Fax:
0181-943 7554; Email: orm@lgc.co.uk)

Reference materials update
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LGC launched a new proficiency testing
(PT) scheme in November 1998 for

laboratories concerned with the analysis of
soft drinks. The Soft Drinks Analysis
Scheme (SODAS) has been developed in co-
operation with a number of companies in the
soft drinks manufacturing sector.

The need for a PT scheme covering soft
drinks analysis was identified within the soft
drinks industry, and LGC were invited to
develop a scheme which would deliver the same
quality of service as the existing BAPS and DAPS
schemes for the alcoholic drinks industry. 

Following discussions with interested
organisations within the soft drinks industry,
the scheme was scoped and structured.
SODAS is a quarterly scheme, with 3 samples

being distributed on each round. These will
be a carbonated drink (alternating a canned
drink and a bottled drink from round to
round), a dilutable drink and a fruit juice.
Participants can elect to take any combination
of these. A range of appropriate analytes,
including brix, preservatives, sugars, sweeteners,
caffeine, quinine, isotonicity, carbon dioxide
(for carbonated drinks) and ascorbic acid
will be present in the samples. Participants
are encouraged to use their routine method;
for many analytes results can be reported
against a list of commonly-used methods,
thereby enabling a comparison of method
performance to be made.

There are no standard industry-wide
methods of analysis for soft drinks. One of

the major outputs from SODAS will be
information regarding the relative efficacy of
methods of analysis. This could form the
basis of a methods book. The British Soft
Drinks Association (BSDA), who are aware
of SODAS and have given tacit support to
date, have a particular interest in this aspect.

The first round has now been
successfully concluded, and the results will
be discussed shortly by both the scheme
Steering Committee and the BSDA
Technical Committee.

For further information please contact:
Steve Evans
SODAS Secretariat at LGC 
Email: sje@lgc.co.uk or
ptgroup@lgc.co.uk

New PT scheme launched

Shirley Coleman,
ISRU, Newcastle
University

The Quality Improvement Committee of
the RSS chose as their topic for the

December Forum meeting, uncertainty in
measurement. Committee members are
aware that there has been a lot of interest in
this important topic from pharmaceutical,
chemical and manufacturing industries. RSS
Quality Forum meetings are held twice a
year and feature a number of speakers in an
atmosphere of informal discussion.

Maurice Cox of NPL started the meeting
with an excellent, clear introduction to the
subject and the rationale behind the ISO ‘Guide
to the expression of Uncertainty in Measure-
ment’, affectionately referred to as GUM.
There are two published interpretations to
help people to understand the guide.

The next talk was by Steve Ellison of
LGC. He focused on uncertainty of

measurement in chemical analysis.
Uncertainties in analysis can be large; the
Horwitz function, which gives an indication
of expected inter-laboratory reproducibility,
predicts 16% coefficient of variation (CV) at
concentrations of 1 ppm. This variability is due
to a variety of factors, including the method,
analyst, properties of the test material,
possibility of contamination, interpretation of
the method etc. The effects of these factors
can rarely be quantified and the GUM
approach is hard to apply successfully.

Chemists have accordingly studied some
methods as a whole assessing precision
under various conditions, overall bias against
reference materials, and specific input effects.
These ‘whole method’ studies are properly
regarded as exploratory, rather than quantitative.
It is, however, possible to obtain a working
estimate of uncertainty by combining
uncertainties associated with gross factors
such as laboratory, operator etc. with other
relevant contributions, using the GUM
principles. The result is a range of uncertainty
calculations, from comprehensive repro-
ducibility precision estimates as might apply

in microbiological assays, through hybrids of
‘whole-method’ and specific parameter
uncertainties, to formal input-parameter
based budgets. In analytical chemistry, almost
the full range may apply, depending on the
available understanding of the process. 

Ian Puzey was the final speaker. He is an
ex-chairman of the Quality Improvement
Committee and has extensive experience of
the car manufacturing industry. Ian looked at
uncertainty in measurement in relation to
process (quality) improvement. He said how
important it was for measuring systems to be
designed to give process knowledge. His
experience on the ‘shop floor’ highlighted
problems stemming from an inspection
attitude to quality. There was often a drive for
more and more accurate measurements on
more and more parameters whereas a process
improvement focus often results in simpler
and cheaper procedures being required. 

Comments and ideas on uncertainty in
measurement are welcome, please email the
speakers:

mgc@npl.co.uk and slre@lgc.co.uk
or Shirley.Coleman@ncl.ac.uk

Royal Statistical Society 
quality forum meeting
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Last year LGC launched the first
Chemicals Regulatory Atlas as a guide

to achieving regulatory compliance for
chemical producers, particularly smaller
firms, as part of its work carried out under
the Government Chemist programme,
another DTI sponsored programme. The
Atlas is designed to send a strong message to
companies and potential investors in the
UK, that although the chemical industry is
faced with a number of regulations, the
system is sensible and transparent.

Backed by the DTI, the Atlas was

developed over the last three years and
covers UK and European chemical
regulation in seven areas including chemical
products, transport, worker safety, pollution
control, waste, building and engineering,
and storage. It aims to map the regulatory
decision tree for chemicals from cradle to
grave for both new and existing chemicals,
indicating when key decisions and actions
are needed.

The Atlas was market tested on 80
companies prior to publication and could
become the first point of reference for all

those in the chemical industry, the public
sector and the professions that are affected
by chemical regulation. Individuals directly
benefiting from the Atlas would be
regulatory managers in chemical firms,
board level directors who need to be briefed,
environmental managers, and health and
safety advisors.

A limited number of copies are still
available free from LGC and interested
parties should contact Jeanette Hawkes, Tel:
0181-943 7464; Fax: 0181-943 2776;
Email: jbh@lgc.co.uk

V A M  P R O D U C T S  A N D  S E R V I C E S

UK Chemicals Regulatory Atlas

Peter Mandelson, former Secretary of
State for Trade & Industry, launched

the National Measurement Partnership on 5
November 1998. The programme is funded
by the National Measurement System Policy
Unit of the DTI and managed by the
National Physical Laboratory. It aims to
champion better measurement practice in
the UK and to help industry to obtain
maximum benefit from the National
Measurement System by:
• showing the importance of accredited

calibration to improved competitiveness
and regulation compliance

• providing a gateway to nationwide
measurement expertise through the
NMP Helpline

• increasing the skills base through improved
technician training and qualification.

The programme will cover both physical
and chemical measurements. There are three
main elements to the programme.
1. ‘Competing Precisely’ which aims to raise

the awareness of the commercial value of
measurement and promote good
measurement practice in UK industry
through a series of events and initiatives. 

2. The development of an NVQ level 2 & 3
qualification in measurement, which is
being undertaken by Brunel University.

3. The setting-up of a website and helpline,
which will give access to expertise and,
in particular, details of the network of
UK accredited laboratories.
A key event will be the Annual

Conference ‘Measurement for Industry ‘99’
to be held in Brighton on 1-4 November
1999. This major conference aims to provide

a forum for the discussion and dissemination
of technical developments and innovation in
measurement science. Alongside the
technical programme there will be an
exhibition of measurement providers,
instrument suppliers and accredited
calibration laboratories. The technical
programme will include oral and poster
papers, workshops and seminars on current
measurement issues. Papers on current
issues in Analytical Measurements are
currently being sought and should be
submitted before 30 June 1999. 

For further details contact:
Jerry Benson 
NMP Conference Secretariat 
Tel: 0181-943 6824 
Fax: 0181-943 6821 
Email: jerry.benson@npl.co.uk

National Measurement Partnership
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If valid analytical results are to be
obtained, it is desirable that analysts use

certified reference materials (CRMs) as part
of their quality system. However, a common
experience of routine analytical laboratories
is that CRMs are often too expensive for
regular day-to-day use and are not always
available in the precise form required by the
laboratory. Laboratories therefore find it
necessary to prepare their own in-house
reference materials for such purposes as
instrument calibration, the construction of
QC charts and checking the accuracy of
particular methods and results. 

The publication ‘Guidelines for the in-
house production of Reference Materials’ is
issued as part of the VAM programme and

provides useful practical guidance on the
procedures that should be followed when
laboratories prepare their own in-house
reference materials. Such guidance should
ensure that in-house reference materials are
fit for their intended purpose and that any
analytical data based upon them is also of an
appropriate quality. 

The guidelines cover such topics as 
the selection and preparation of 
materials, providing helpful suggestions as to
the issues that should be considered, such as
the need for drying, stabilisation, mixing,
grinding and suitable packaging, etc. Issues
involved in establishing that the in-house
material is of adequate homogeneity are also
addressed, pointers being provided to

various aspects such as the selection of
analytical methods, sample sizes and
statistical tests for use in homogeneity
assessments. Of critical importance are the
procedures that must be used to establish
the reference values (e.g. analyte concen-
trations) of in-house reference materials.
The approaches highlighted include the use
of a primary (definitive) measurement
method, two or more independent methods
and an interlaboratory exercise. The
guidelines conclude with recommendations
for the appropriate documentation of in-
house materials.

For a free copy of ‘Guidelines for the in-
house Production of Reference Materials’,
please contact the VAM Helpdesk.

Guidelines for the in-house
production of Reference Materials

Guidance for HPLC
instruments now available

For many laboratories there is a growing
emphasis on providing documented

evidence that equipment used in the laboratory
is fit for purpose. Equipment qualification
(EQ) is becoming increasingly recognised and
accepted as providing a harmonised approach
by which this can be achieved.

In September 1996, a UK Instru-
mentation Working Group published general
guidance on the equipment qualification of
analytical instruments. The guidance defined
a general approach to equipment qualification
which is widely applicable to a range of
instruments commonly used in analytical
laboratories. However, the Working Group
recognised that supplementary guidance was
needed to provide more detailed information

on the requirements for the equipment
qualification of individual types of instru-
ments. The first supplementary guidance
document, covering high performance liquid
chromatography (HPLC) instruments, has
now been completed.

The HPLC guidance document builds
on the approach set out in the general
guidance and is based on four stages of
qualification; design qualification (DQ),
installation qualification (IQ), operational
qualification (OQ) and performance
qualification (PQ). Individual sections of the
guidance explain how each of these stages
contribute to providing evidence that HPLC
instruments are functioning correctly and
suitable for their intended use (i.e. fit 
for purpose). DQ summarises the main
features and performance requirements that
should be considered when defining the

specification of an HPLC instrument. IQ
highlights the types of checks undertaken to
confirm the instrument is correctly installed
in the operating environment. OQ provides
guidance on how to verify key aspects of
instrumental performance in the absence of
contributory effects which might be
introduced by the method. PQ explains 
how ‘everyday’ activities such as system
suitability checking and analytical quality
control can be used to provide evidence of
satisfactory instrumental performance during
routine use.

Copies of both the general guidance and
supplementary HPLC guidance documents
can be obtained from the VAM Helpdesk at
LGC. They are also available on the website
at http://www.lgc.co.uk under Best Practice
and Regulation.

Ensuring equipment 
is fit for purpose

http://www.lgc.co.uk
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Two new guides have recently been
published by EURACHEM. The first ‘The
fitness for purpose of analytical methods - a
laboratory guide to method validation and
related topics’ is intended primarily for
laboratories which operate in isolation, i.e.
those that do not participate in PT schemes
or collaborative studies. It is aimed at
laboratory managers and analysts responsible
for validation of methods. The guide advises
readers on established protocols and also
introduces processes used in validation. This
allows readers to create their own validation
strategies. Complicated statistical procedures

are kept to a minimum. 
The second guide, entitled ‘Quality

assurance in research and development and
non-routine analysis’ had been published with
the endorsement of both EURACHEM and
CITAC (Co-operation on international trace-
ability in analytical chemistry). Developed
by a working group representing government,
academic and industrial interests, the guide
is intended to promote and facilitate the
design and implementation of QA in the non-
routine world. The guide provides advice on
QA good practice which, it is believed, will
facilitate the design and implementation of

quality systems for non-routine situations,
and enable a suitable level of assurance to be
put in place without it being unduly
burdensome or stifling R&D creativity. It
does this by considering requirements for
QA at three levels within an organisation:
• general QA requirements applicable

across the entire organisation
• QA requirements relating to technical

operations
• QA requirements specific to particular

analytical tasks.
Both guides are available for £30 from

the VAM Helpdesk at LGC.

EURACHEM Guides

I N T E R N A T I O N A L  N E W S

Mike Sargent,
Chairman
CCQM
Inorganic
Analysis
Working Group

The need to demonstrate agreement of
measurements and measurement

standards between different countries has
been recognised for well over 100 years and
is achieved through the International
Committee on Weights and Measures
(CIPM). It has concentrated on physical
measurements during most of this time but

in 1993 established a new Committee
(CCQM) to extend its work to the chemical
field. At its annual meeting in Paris in
February 1997 the CCQM established
Working Groups for inorganic, organic and
gas analysis and pH measurement.

Towards the end of last year LGC,
which has made a major contribution to
experimental studies of the CCQM since
1993, hosted a meeting in Teddington for
the CCQM president and Working Group
chairmen together with the director of the
International Bureau of Weights and
Measures (BIPM). The meeting also allowed
a number of LGC staff leading CCQM
projects to meet with their opposite numbers
from the US National Institute of Standards
and Technology (NIST). The discussions
with NIST and an informal dinner involving
other UK organisations helped in cementing
the international co-operation which is so
important in achieving the CCQM’s aims.

The meeting also ensured that the 1999
CCQM held in Paris from 8 to 12 February
made further rapid progress. For the first
time the main CCQM meeting was preceded
by a two day session devoted to the Working
Groups. This included a seminar providing
all Working Group members with an
introduction to the work of the CCQM and
information on a new chemical measure-
ment activity to be established at the BIPM.
The Inorganic and Organic Working Groups
held a detailed technical review of inter-
comparison exercises conducted during
1998, including lead and cadmium in river
water, p,p’-DDE in corn oil, cholesterol in
serum, and purity determination of primary
chemical standards. Excellent progress was
made with all these studies, although some
work remains to be done. These groups,
together with the pH Working Group, were
also able to agree a number of new studies for
discussion by the CCQM later in the week.

Good progress towards an
international chemical
measurement infrastructure
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Kevin
Thurlow, LGC

The most important factor relating to
communication of chemical structures

is clarity. Different forms of nomenclature
are needed depending on the requirements
of the users. Unfortunately, too many people
are unwilling to consider other people’s
needs. There will be many different users of
chemicals. Some will find that a diagram of
the structure is the most useful item. You
can study this and deduce some of its
properties, and decide which parts you may
want to change to suit other purposes.
Publishing such diagrams is useful so that
other chemists can see what has been
synthesised. But this is not the whole story.
You will need to discuss the chemical with
colleagues, maybe by telephone, and
ultimately the chemical may end up in a
bottle on a shelf. Trying to describe a
chemical structure over the telephone is very
difficult. Consider Figure 1.

Now imagine describing it. “There is a
hexagon pointing up and down, the bottom
vertex is a N and then two more Ns at
alternate vertices; going straight up is an S
and that has a CH3 attached to it” .... etc.
Readers will see that this is not the best way
to transmit information. Some sort of
nomenclature knowledge helps. You can say
it is 1,3,5-triazine with substitution on the
carbons. Labelling of jars is more
problematic. A structure would be useless,
as how would you index the chemicals?
Some sort of name is much more use. The
IUPAC name for Figure 1 is:

N2-ethyl-N4-isopropyl-6-methylthio-1,3,5-
triazine-2,4-diamine

This is a bit unwieldy. The ‘N2’ means
the nitrogen in the amine attached to
position 2, and similarly the ‘N4’ means the
nitrogen in the amine attached to position 4.
You cannot just say ‘N’ because that could
refer to one of the ring nitrogens. A name
like this is still chemically useful, because
you can recognise aspects of the structure
from it. It could still be useful over the
telephone as another nomenclator could
produce the structure from it. However, the
jar on the bench would need rather a large
label. That is when some sort of ‘trivial’
name is handy, but it has to be one that
everybody using the substance understands.
If there are two of you in a laboratory you
can call it anything you like, but once the
information needs to be disseminated further
that is not satisfactory. I have lost track of
the number of times somebody has said,
“We all know what it means”, when talking
about a pet name they have published
without explanation. Figure 1 is actually a
herbicide and is known as ametryn (ISO).
This tells you that the appropriate Inter-
national Organization for Standardization
(ISO) committee has approved the name.
This is the sort of name you want to use on
the telephone and on the label. You hear
‘ametryn (ISO)’ on the telephone and can
easily look it up in the Pesticide Manual1. The
name gives you no structural information.

The way of identifying a chemical varies
depending on the needs of the individual.
You cannot use structures alone, but
systematic names are not always appropriate,
and neither are trivial names. Some
unofficial trivial names are admittedly
entertaining. A report in Angewandte Chemie2

referred to a coordination polymer 

[Ag(hat)ClO4].2CH3NO2

The authors then explained that ‘hat’
meant 1,4,5,8,9,12-hexaazatriphenylene.
The crucial point is that they did say what
‘hat’ meant. The book ‘Organic Chemistry:
The Name Game’3 gives many fine 
examples of trivial names, including the next
two examples. Figure 2 shows part of
‘felicene’. (Another ring has been discarded.)

Felicene comes from felix, the latin for cat. If
you turn the double bond into a mouth, add
eyes, nose and whiskers, the structure looks
like a cat.

Figure 3 maintains the feline theme.
Researchers in Glasgow and Ulster
synthesised Figure 3, which has the IUPAC
name, bicyclo[3.3.3]undecane. However,
they noticed the similarity with the Isle of
Man triskelion, and came up with the trivial
name ‘manxane’.

There is no harm in such trivial names –
indeed in many ways they serve to popularise
chemistry. But they should not be published
without some indication of what the
structure is, or a systematic name.

If you are having problems with
chemical nomenclature, we are able to offer
advice (see back cover for details.)

REFERENCES

1. The Pesticide Manual Eleventh Edition,

edited by C D S Tomlin, published by

British Crop Protection Council 1997.

2. Abrahams et al., Angew. Chem. Int. Ed.,

1998, 37, 19, 2656-2659.

3. Organic Chemistry: The Name Game,

by Alex Nickon & Ernest F Silversmith,

Pergamon, 1987.

What’s in a name?

Figure 1

Figure 3

Figure 2
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Genetic analysis

14 April 1999
LGC, Teddington

This course aims to present the
principles of the polymerase chain reaction,
a genetic amplification technique, and its
developing use within the analytical
laboratory. Increasingly, analytical science is
becoming interdisciplinary and some
capability or understanding of DNA based
analysis is an advantage. The course is
ideally suited to people seeking to extend
their knowledge of analytical science to
include some aspects of DNA technology
and who may be considering extending their
capabilities into this field.

For further information, please contact:
Mr D G Porter
Honorary Secretary of the
Automatic Methods Group
Willowford
Fir Tree Lane
West Chiltington
West Sussex RH20 2RA
Email: amg@argonet.co.uk 

VAM DNA seminar –
comparability of molecular

biology measurements

May 1999 (date to be confirmed)
London

This is a one day seminar aimed at
bringing together the issues concerning the
comparability of molecular biology measure-
ments, both qualitative and quantitative. 

This seminar will be aimed at providers

and purchasers of bioanalyses, both

commercial and non-commercial. The

seminar aims to raise awareness of the

importance of generating quality DNA based

data and thereby improving cost

effectiveness, commercial competitiveness or

public service.
The seminar will be split into 2 sessions,

the first will present the results and
experiences of some diverse DNA based
interlaboratory trials, providing a glimpse
into the current status of data comparability

and emphasising the implications to
bioanalysis. The second session will
highlight the tools and systems that are
available to bioanalytical providers to ensure
that data obtained is fit for its intended
purpose. These include exploring the
benefits of reference materials, accreditation
and proficiency testing schemes.

For further information, please contact:
Anne Roberts
LGC
Queens Road
Teddington
Middlesex TW11 0LY
Tel: 0181-943 7444
Fax: 0181-943 2767
Email: amr@lgc.co.uk

Teaching chemistry today

29–30 June 1999
Loughborough University

The third two day residential forum for
teachers includes lectures and hands-on
practical work, a half day at Astra
Charnwood, and presentations on key aspects
of teaching chemistry at 16+. The forum aims
to enable A-level and GNVQ teachers to
experience analytical chemistry in a
pharmaceutical company, present useful ideas
for the classroom, demonstrate practical
experiments that will aid the teaching of
chemistry, and inform teachers of how
analytical chemistry is applied in an industry.

The forum is sponsored by LGC, The
Royal Society of Chemistry, Astra
Charnwood and Loughborough University.

For further information and registration
please contact:

Elliot Lee
LGC
Queens Road
Teddington
Middlesex TW11 0LY
Tel: 0181-943 7302
Fax: 0181-943 2767
Email: esl@lgc.co.uk

SAC ’99

25–30 July 1999
Dublin City University, Dublin

The main themes of the Analytical
Division of The Royal Society of
Chemistry’s 1999 conference will be analysis
for the public good; process analysis and
control; molecular recognition; separation
science; new developments in analytical
instrumentation; mass spectrometry; surface
analysis; analytical biotechnology; atomic
spectroscopy; chemometrics; environmental
analysis; molecular spectroscopy; electro-
analysis; archaeometry; other methods.

For further information please contact:
Diana Hort
Conference Organiser
The Royal Society of Chemistry
Burlington House
London W1V 0BN
Tel: 0171-437 8656
Fax: 0171-734 1227
Email: hortd@rsc.org

HAMAQ workshop

28–29 September 1999
NPL,Teddington

The workshop, cosponsored by the EC
Joint Research Centre at Ispra, will assess
the state-of-the-art for air quality monitor
calibration following the EC co-funded
intercomparison project Harmonisation of
Air Quality Measurements in Europe
(HAMAQ). It will be an international event
for all those involved in European air quality
measurements.

For further information please contact:
Bill Bell
NPL, Queens Road
Teddington
Middlesex TW11 OLW
Tel: 0181-943 7052
Fax: 0181-943 6755
Email: bill.bell@npl.co.uk

Forthcoming events
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Annual Conference
‘Measurement for Industry

’99’

1–4 November 1999
Brighton

This major conference aims to provide a
forum for the discussion and dissemination
of technical developments and innovation in
measurement science. Alongside the
technical programme there will be an
exhibition of measurement providers,
instrument suppliers and accredited
calibration laboratories. The technical
programme will include oral and poster
papers, workshops and seminars on current
measurement issues. Papers on current
issues in Analytical Measurements are
currently being sought and should be
submitted before 30 June 1999. 

For further information, please contact:
Jerry Benson
NMP Conference Secretariat
NPL, Queens Road
Teddington
Middlesex TW11 OLW
Tel: 0181-943 6824
Fax: 0181-943 6821
Email: jerry.benson@npl.co.uk

CITAC ’99 Japan Symposium

9–11 November 1999
Tsukuba, Japan

CITAC’s latest symposium, organised
by the Japan Society for Analytical
Chemistry (JSAC) and the National Institute
of Materials and Chemical Research
(NIMC), will take place in Tsukuba, where
many national and private chemical research
institutes and laboratories are located.
Internationally renowned speakers have been
invited to give lectures on the key aspects of

reference materials and traceability in
chemical measurements. Also included in
the programme are workshops and poster
sessions, offering delegates the opportunity
to discuss a wide range of topics relevant to
the quality of analytical measurements. 

All delegates are invited to submit
papers to be presented as posters. 

If you wish to do so, or would like
further information about this event, please
contact:

Dr Kensaku Okamoto
Secretary 
CITAC ’99 Japan Symposium
National Institute of Materials 
and Chemical Research (NIMC)
Ministry of International Trade 
and Industry (MITI)
1–1, Higashi, TSUKUBA, 305–8565,
JAPAN
Tel/Fax: +81-298-54-4628
Email: kokamoto@nimc.go.jp

General VAM contact points

VAM Helpdesk
0181-943 7393
vam@lgc.co.uk

Advisory services

Reference materials advisory service
(REMAS)
Alison Jones, LGC
0181-943 7621

Analytical QA advisory service
David Holcombe, LGC
0181-943 7613

Proficiency testing advisory service
Nick Boley, LGC
0181-943 7311

Gas analysis advisory service
Dr Paul Quincey, NPL
0181-943 6788

Chemical nomenclature advisory service
(CNAS)
Kevin Thurlow, LGC
0181-943 7424

LGC
Queens Road, Teddington
Middlesex TW11 0LY
Tel: 0181-943 7000 (switchboard) 
Fax: 0181-943 2767
Email: info@lgc.co.uk
Web: http://www.lgc.co.uk

National Physical Laboratory (NPL)
Queens Road, Teddington
Middlesex TW11 0LY
Tel: 0181-977 3222 (switchboard)
Fax: 0181-943 2155
Email: enquiry@npl.co.uk
Web: http://www.npl.co.uk

Aerosol Science Centre
AEA Technology plc
E6 Culham, Abingdon
Oxfordshire OX14 3DB
Tel: 01235 463677
Fax: 01235 463205
Email: aerosols@aeat.co.uk
Web: http://www.aeat.co.uk
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