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A key element of the Chemical Weapons Convention
(CWC) which opened for signature in Paris in January l993
is the verification regime and at the heart of the effective-
ness of this regime is the ability to analyse samples to deter-
mine whether they contain traces of a chemical which may
have been produced for purposes prohibited or permitted by
the Convention.  Analytical measurements underpin all the
elements of the verification regime to a greater or lesser ex-
tent whether it be verification of the destruction of chemical
weapons, destruction of chemical weapons production fa-
cilities, routine inspections under Article VI, challenge in-
spections under Article IX or investigations of allegations
of use again under Article IX.  It is unlikely that any claim
of non-compliance can be substantiated without analytical
evidence to prove that the material involved is one that is
being used for a prohibited purpose under the Convention.
Consequently, the validity of the analytical measurements
will have great importance in regard to the status and suc-
cess of the Convention.

The importance of analytical measurements has long
been recognized in investigations of allegations of use of
chemical weapons.  There have been numerous allegations
of use during the past decade ranging from the yellow rain
saga in South East Asia, the UN Secretary-General’s inves-
tigation of attacks of Iran, the analysis of samples from
Kurdish villages in Northern Iraq, and the allegations of use
in Africa including Angola and Mozambique. Valuable in-
formation has also been gained from the analysis of sam-
ples in support of the UN Special Commission on Iraq
during the past two years.  The Chemical and Biological
Defence Establishment (CBDE) at Porton Down has an-
alysed samples from many of these incidents and has devel-
oped a good understanding of the standards required in
sampling and analysis to obtain unequivocal results that can
be used, if positive, as the basis for subsequent political or
diplomatic action.  For the yellow rain investigations, ana-
lytical methods were developed for trace level detection of
trichothecene mycotoxins in biomedical samples1 and in
environmental residues and foodstuffs.2  For allegations of
the use of mustard agent, nerve agents, Lewisite and their

decomposition products, analytical methods based on gas
chromatography and combined gas chromatography-mass
spectrometry have been developed3 and used to analyse the
samples collected by Gwynne Roberts in Northern Iraq.4

The analytical work carried out by CBDE in support of the
UN Secretary-General’s investigation in Mozambique is
available on request from the UN.5  Very recently samples
collected from Northern Iraq by the Physicians for Human
Rights/Middle East Watch organisations have been an-
alysed by CBDE and shown to contain traces of nerve agent
Sarin (GB) and its decomposition products as well as sul-
phur mustard and its decomposition products.6

It has become apparent that unequivocal evidence about
an alleged use is most readily obtained from the analysis of
samples whose provenance is known.  It is now appreciated
that forensic techniques need to be applied throughout from
the taking of samples through the chain of custody back to
the laboratory carrying out the analyses.  The collection of
samples needs to be documented and validated so that there
can be no subsequent arguments as to the location; tech-
niques are required such as continuous video recording of
the taking of the sample along with the reading on a GPS
(Global Positioning System) unit followed by the sealing of
the sample into containers with tamperproof seals.  The as-
sociated documentation needs to record not only the collec-
tion of the sample, which needs to be witnessed, but also all
available collateral evidence relating to the alleged attack
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including validation that the location at which samples are
being collected is identical to that at which the attack oc-
curred.  The latter is a key point as samples taken from the
wrong place will not be informative.

Samples need to be transferred from the location at
which they have been collected by a documented chain of
custody to the analytical laboratory.  The analytical labora-
tory needs to have expertise in the analysis of chemical war-
fare agents in a variety of substrate materials.  Experience
has shown that general purpose analytical laboratories are
not able to extract the maximum information from samples.
This article addresses the requirement for validation of the
laboratory and of its analytical measurements.

Importance of Analytical Measurements
The importance of sampling and analysis for the Con-

vention has been addressed elsewhere.7  It is essential if the
CWC is to be held in high regard that the acquisition of
samples and their transfer under a documented audit trail to
the laboratories in which they are to be analysed and their
subsequent analysis must be carried out under conditions
that give confidence to all States Parties to the Convention
that the results are accurate and can be relied upon.  Analyt-
ical measurements will be required in the destruction of
chemical weapons to confirm that the weapons indeed con-
tain the material declared to be within those weapons and to
ensure that the effluent from the chemical weapons destruc-
tion plant is safe for the environment into which it is re-
leased. In the destruction of chemical weapons production
facilities, analytical measurements will be needed to ensure
that the plant has been adequately decontaminated and so
can be safely dismantled.  Under Article VI, inspections
will take place of facilities declared as producing Schedule
l, Schedule 2, Schedule 3 chemicals and other plants pro-
ducing discrete organic chemicals after the fourth year fol-
lowing the Convention’s entry into force. Analysis may be
necessary to confirm that materials are indeed as declared,
and apart from at permitted locations, the absence of any
Schedule l chemical.  Analysis will be necessary to confirm
that the materials being produced are indeed as declared.

A much greater dependence on analytical measurements
will apply for challenge inspection where the inspectors
will wish to examine samples of various types to determine
whether there are any traces of prohibited materials present.
Such analytical measurements may involve a wide range of
substrates and, potentially can require analysis for any of
the Scheduled chemicals.  In the context of challenge in-
spection it is important to recognise that the CWC prohibits
the use of any toxic chemicals for chemical weapons pur-
poses and analytical methods and measurements may well
be required for materials that are being misused yet are not
listed in the Schedules.  Finally, in respect of allegations of
use, samples will require to be analysed rigorously to deter-
mine whether there are any traces of prohibited toxic chem-
icals.  Once again, the range of sample matrices will be
extremely wide ranging from military materiel or environ-
mental samples through clothing and vegetation samples to
biomedical samples taken from casualties.

There is likely to be a role for analyses carried out on
site during an inspection, especially for routine inspections
and the analyses needed to monitor the destruction of chem-
ical weapons and chemical weapon facilities.  Off-site anal-
ysis should, however, also be available to supplement
on-site analysis.  The greater analytical capability available
off-site will strengthen the effectiveness of the Convention
and its deterrent value.  For challenge inspection and inves-
tigations of alleged use, off-site analysis will be essential
partly because the time available for challenge inspection
may be insufficient to allow time for analyses to be carried
out in a rigorous and careful way.  For challenge inspection
and alleged use, the most sensitive analytical techniques
need to be used and these will only be available at off-site
expert analytical laboratories.

Why is Validation Necessary?
Validation of the analytical methods and measurements

is vital to ensuring that the results obtained can be relied
upon as being accurate and free from false negatives and
false positives.  The Convention will rapidly come into dis-
repute if analytical methods and measurements appear un-
reliable.  In particular, frequent and large numbers of false
positives would be particularly damaging to the regime as
confidence would be rapidly lost.  It is therefore essential to
consider how the methods and measurements may be vali-
dated in such a way that the results can be relied upon by the
Organisation for the Prohibition of Chemical Weapons
(OPCW) and by the Member States of the Convention.
There are several stages which need to be validated as it is
necessary to consider laboratories, methods and results.

Accreditation of Laboratories It will be essential that
laboratories carrying out the analysis of samples for the
OPCW shall be accredited for that purpose.  Accreditation
will be required to provide confidence to the OPCW and to
Member States that analytical work carried out in that labo-
ratory is reliable, accurate and trustworthy and conforms to
the standards set by the national accreditation body.  It is
not enough to say that a laboratory has had experience in
analysing samples containing chemical warfare agents; it
must be shown to have carried out its analyses of chemical
warfare agents using validated analytical methods so that
there can be no doubt about its findings and a very high de-
gree of confidence that any other laboratory carrying the
same analysis on the same samples would report the same
results.

Analysis of samples could be carried out by an OPCW
staffed laboratory or by a network of accredited labora-
tories.  It is believed that the most cost effective solution
would be for the OPCW to have its own small accredited
laboratory which would be responsible for splitting samples
which would then be analysed by a network of accredited
laboratories.  The arguments that lead to such a conclusion
include the following:
a. Accurate and unequivocal results particularly for

challenge inspections and investigations of allegations
of use will require confirmation by analysis in more
than one accredited laboratory.
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b. Samples taken during inspections are likely to be split
with one part of each sample being provided to the State
being inspected.  That State will need to be able to an-
alyse its part of the sample.

c. Accredited laboratories are likely to be working on
improved techniques for analysis.  Although the
OPCW will require samples to be analysed by validated
methods, the possibility that improved methods may
also be used will strengthen the deterrent effect of the
Convention as a State considering cheating will not be
sure that traces will not be detected.  In addition, the
OPCW will need to audit or otherwise ensure appro-
priate levels of quality control amongst its network of
accredited laboratories.

d. National analytical laboratories will be required to sup-
port national chemical defence programmes.  The im-
portance of maintaining effective chemical defence and
of the web of deterrence have been addressed else-
where.8

Validated Analytical Methods Such methods are an
integral part of the accreditation of laboratories.  The vali-
dated method is only validated for use based on the specific
procedures and equipment in the laboratory.  The analytical
procedures used in the analysis of drugs in accredited labo-
ratories under ISO [ International Standards Organization]
Guide 25 are based on the United Nations Division of Nar-
cotic Drugs recommended methods.  A parallel approach
for the CWC would appear to be well worth considering.

Certified reference materials An essential element in
any reliable analytical method is the use of reference mate-
rials as standards in order to provide confirmation that a
material found in the sample is indeed identical to a stan-
dard sample of the same material. The reference materials
utilised in the analytical methods need to be certified and
controlled in such a way that there can be no doubt as to
their purity and consequently there can be great confidence
in an analytical results which show the presence of that ma-
terial in a sample.

Proficiency testing The final element in ensuring that
the results of analytical methods and measurements carried
out in an accredited laboratory is the successful demonstra-
tion of the analytical capability in proficiency testing.  Such
proficiency testing involves the analysis of blind samples
which may or may not have been spiked with chemical
agents or their breakdown products and which can validate
the adequacy and acceptability of the analytical methods
being utilised by that laboratory.  Such proficiency testing
needs to be repeated at intervals to ensure that standards are
being maintained.

The preparation of the samples to be analysed blind
could be carried out by one of the network of accredited
laboratories in the same way as has been done in the round
robins that have already been organised by Finland.9  In-
deed there are positive cost and technical advantages in
these blind samples not being prepared by the OPCW small
laboratory as that laboratory will then not require to hold
any certified reference materials and, consequently, this

will eliminate the possibility of OPCW samples being inad-
vertently contaminated at the OPCW laboratory when split-
ting samples.  Clearly the OPCW will need to oversee the
proficiency testing, may wish to witness the preparation of
blind samples and might with advantage hold the key to the
blind samples.

Approaches to Validation

There has been a long international tradition of validated
physical measurements which can be traced back to interna-
tional physical standards.  Recent years have seen an exten-
sion of these approaches to chemical measurements and
initiatives are being mounted in many countries, and in
groups of countries such as the European Community as
well as world-wide to harmonise and standardise systems
for the validation of chemical measurements.  The CWC
should not aim to develop its own separate system but
should, I believe, adopt these international initiatives so that
the OPCW can be confident that analytical measurements
carried out in any country will be correct and that analysis
of replicate samples by other laboratories in other States
will produce similar results.  Adoption of such an approach
would be cost effective.  The OPCW needs to approve a
system of validation to ensure comparability of results be-
tween the different laboratories and, most important of all
to ensure that results obtained in different laboratories will
be reliable and free from false positives and false negatives.
Utilization of the internationally agreed analytical standards
programmes will also ensure that the analytical methods se-
lected are fit for the purpose.

International Standards

There are currently three internationally recognised
quality standards for chemical analysis.  Each one has par-
ticular strengths and it will be important that the OPCW se-
lects an appropriate standard to which all accredited
laboratories will be required to work.

ISO Guide 25 This is concerned with the assessment of
the quality of analytical methods and measurements.  It also
requires an assessment of the technical competence of the
laboratory.  It is a system designed for laboratory work and
it is especially appropriate for analytical testing using docu-
mented methods and it sometimes employs performance
testing.  It is extensively used in Europe, Australia and New
Zealand.

Good Laboratory Practice (GLP) This is concerned
more with the organisational process and conditions under
which laboratory studies are planned, performed, moni-
tored recorded and reported.  It is widely recognised and re-
quired for registration of new medicines, agricultural
chemicals, pesticides and associated toxicological testing.
It is not as suited to analysis and places emphasis on the cal-
ibre of staff.  Although it is recognised world-wide, many
countries do not have a compliance unit and in some coun-
tries there is a prior requirement to have a regulatory re-
quirement before a laboratory can be assessed for GLP.
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ISO 9000 This is concerned with the assessment of the
capability of an organisation to implement and maintain a
quality system.  It normally covers all the work of an
organisation but does not cover technical competence.  It is
primarily appropriate for manufacturing and service
industries.

The Preferred Option
A key element for the success of the OPCW will depend

on analyses being carried out by validated and defined
methods.  The Convention will come into disrepute if the
OPCW does not require high standards of analytical meth-
ods and measurements so that results obtained in any ap-
proved laboratory will be comparable and can be relied
upon with confidence.  The international standard which re-
quires the definition and validation of the analytical meth-
ods, the use of certified reference materials and proficiency
testing in accredited laboratories is ISO Guide 25.  The
other international standards (GLP, ISO 9000) are more
system oriented and are unlikely to provide as high a degree
of confidence in the analytical results obtained.

Internationally, in Europe good progress is being made
by WELAC (Western European Laboratory Accreditation
Co-operation) and EURACHEM (the focus for analytical
chemistry in Europe) to aid chemical laboratories in gaining
accreditation.10  A guide is at a near final state of prepara-
tion which addresses the scope, traceability, equipment,
calibration, reference materials, reagents, the use of com-
puters and measurement uncertainty, quality control and
audit procedures.  The scope has to be as specific as possi-
ble with detailed documented test procedures which need to
be defined in terms of the analyte type, the matrix type, the
technique/method and the concentration range.  For sam-
pling, a sampling strategy needs to be validated which must
address labelling/chain of evidence, the information re-
quired, the homogeneity of the sample, stability and storage
as well as contamination.  Methods must be validated, doc-
umented and authorised before use.  Quality control needs
to be written in to the documentation of the methods
through the use of blanks, standards, spikes and control
samples.  Reference materials used must be of known ade-
quate purity and composition and these should preferably
be internationally or nationally recognised standards.  Pu-
rity needs to be considered in relation to the accuracy of the
analysis and possible interferences arising from impurities.
Quality control needs to be introduced by using stable sam-
ples or standards at regular intervals to check the perfor-
mance of the method.  Proficiency testing schemes should
be drawn up preferably under the draft ISO/IUPAC(Inter-
national Union of Pure and Applied Chemistry)/AOAC(As-
sociation of Official Analytical Chemists) harmonised
proficiency testing protocol which addresses organisation,
sample preparation/distribution, estimation of the true re-
sult and the scoring of laboratories performance as well as
defining acceptable performance.

The Way Forward
Chemical analysis that is reliable and accurate is essen-

tial to underpin the Chemical Weapons Convention.  The

world-wide initiatives on quality standards for chemical
analysis should be utilized to the maximum to devise the
optimum system to meet the requirements of the OPCW.  In
order to enhance the standing of the CWC, it is suggested
that ISO Guide 25, might usefully be considered as the basis
for the accreditation of laboratories, the validation of ana-
lytical methods and the achievement of a system in which
all States Parties can be confident that the analytical results
will be free from false negatives and false positives.

ISO Guide 25 is being introduced into Europe through
the activities of WELAC and EURACHEM.  Signatories of
WELAC are Denmark, France, Netherlands, Sweden, UK.
Ireland, Italy, Finland and Spain are applying to join and
Austria, Belgium, Germany, Greece, Iceland, Norway, Por-
tugal, Switzerland wish to apply when they are ready to do
so.  Additionally, East European countries are keen to join
and action is being taken internationally to extend the ap-
proach world-wide.  As the OPCW is based in The Hague,
it is suggested that approaches should be made to EU-
RACHEM and WELAC to determine whether a Working
Group to develop a system of laboratory accreditation and
method validation to meet the OPCW requirements should
be established under WELAC/EURACHEM.  Any such
systems should be developed in such a form that it can then
be extended easily and without undue effort to the rest of
the world.  This should not present particular difficulties
since ISO Guide 25, already an internationally agreed stan-
dard, is the basis for laboratory accreditation and method
validation.

It is essential that the OPCW address the question of
how to ensure that the analytical results that will be vital to
underpin the effective operation of the Convention are qual-
ity controlled so that they are reliable and free from error.
A whole series of false positives following challenge in-
spections could bring the Convention into disrepute and
such an outcome must be prevented through the adoption of
appropriate quality standards for the analytical methods and
measurements of chemical agents and related products.
The approaches outlined above should provide a cost effec-
tive solution.
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Progress in The Hague Quarterly Review no 2

Building the Organisation for the Prohibition of Chemical Weapons

The Preparatory Commission for the OPCW has
adopted a comprehensive programme of work for 1993 and
a budget of $8.84 million to go with it.  Securing the unani-
mous agreement of a hundred participating governments
was not easy, but it finally happened on 22 April, during the
second plenary session of the Commission, 78 years almost
to the minute after the first poison-gas cylinders of World
War I were discharged at their victims.  The Chemical
Weapons Convention, opened for signature on 13 January
1993, had set out the rules and the underlying norm for an
international regime of chemical disarmament and nonpro-
liferation.  Now, with that decision on programme and bud-
get at last taken, work could begin on the detailed
procedures which states must follow in order to give the re-
gime practical significance: the procedures that will enable
states parties to do what they have undertaken to do and
provide one another with assurance that they are really
doing it.  The preparations for actually implementing the
treaty could start.

The Commission, through its two Working Groups of
diplomats representing member states — Working Group A
on Budget and Administration, and Working Group B on
Verification and Technical Cooperation and Assistance —
has tasked Groups of Experts to produce recommendations
for the procedures of the regime.  May 10 saw the conven-
ing of the first Experts’ Group concerned with the real core
of the Chemical Weapons Convention, its provisions for
verifying compliance.  Several other such groups have
since begun work.  By the time of the third plenary session
at the end of June, some results should be visible to the out-
side world, transparency permitting.

The first of the present quarterly reviews [see CWCB 19,
pp 1-4] described how the preceding several months had
been used to negotiate agreement on the requisite organiza-

tional and administrative arrangements.  There now exist,
on the one hand, the Commission’s own structures of
Working and Experts’ Groups and, on the other hand, led
by the Executive Secretary of the Commission, Ian Kenyon,
a burgeoning Provisional Technical Secretariat (PTS).  The
relationship between the two is still in a formative stage.  It
is through the PrepCom structures that the wishes of mem-
ber states are transmitted, some more strongly than others,
this resulting in the setting of policy.  Resources of exper-
tise, too, are made available by member states through the
PrepCom structures, but so, increasingly, are they available
through the PTS, whose main job is to assist PrepCom ac-
tivity.  The PTS is also, however, the embryo OPCW Tech-
nical Secretariat — an oddly low-key designation for the
projected international inspectorate, aid organization and
associated headquarters establishment.  Its staff, being in-
ternational civil servants, may neither seek nor accept in-
structions from any government or from any other authority
external to the Commission.  So the possibility of tension
between the PTS and the PrepCom structures cannot be ex-
cluded.  It could well be a constructive tension.

Actions by Member States By the time of the
Commission’s first plenary session (8-12 February), 137
states had signed the Chemical Weapons Convention and
were thus entitled to become members of the Commission.
By the time of the second plenary (19-22 April), five more
had signed (Armenia, Bahrain, Kyrgyzstan, Nicaragua and
Saint Lucia) and three others (Laos, Latvia and Rwanda)
have done so since then, bringing the total, at the time of
writing, to 145.

Sweden ratifying the treaty, the first industrialized coun-
try to do so, has brought total ratifications to 4 out of the 65
required for entry into force.  Current PrepCom planning
assumes that the treaty will enter into force in January 1995
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