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Preface

The States Parties to the Chemical Weapons Conven-
tion (CWC) have established the Organization for
the Prohibition of Chemical Weapons (OPCW) in
order to achieve the object and purpose of the
Convention. It aims to ensure the implementation
of the CWC’s provisions, including those for inter-
national verification of compliance with it, and to
provide a forum for consultation and cooperation
among States Parties. The aim of this book is to
give a comprehensive view of how to internation-
ally verify compliance with the CWC, in principle,
using analytical chemistry and related strategies
and methods.

There are currently eighteen analytical laborato-
ries that have established capability, and obtained
recognized competence in, the analysis of samples
for CWC-related chemicals; these laboratories are
the OPCW designated laboratories. The majority
of the chapters in this book discuss the analyt-
ical methods used in these off-site laboratories. The
methods discussed are for the identification of target
chemicals from environmental and human origin
samples.

The procedures and strategies for on-site sampling
and analysis are also discussed. In connection
with the verification activities of the OPCW on-
site, samples may be taken, for example, during a
facility inspection for subsequent on-site analysis.
The possibility to send the samples for analysis off-
site also exists.

This book aims to serve different readers from
the fields of environmental and analytical chem-
istry as well as researchers in civil and military
laboratories. The National Authorities of the States
Parties to the CWC may find the book useful as

it covers developments in the area of CWC chem-
icals analysis. The approaches are practical, and
the contributions are particularly useful for those
people responsible for developing their own labo-
ratory analysis methods and work instructions.

The book discusses a variety of topics. These
include: the requirements of the CWC for verifica-
tion; sampling; the mobile laboratory and its equip-
ment and software; sample preparation from envi-
ronmental samples; official inter-laboratory profi-
ciency tests arranged by the OPCW; designated
laboratories; the OPCW Central Analytical Database
(OCAD); instrumentation, monitoring of hazardous
chemicals, analysis strategies, quality assurance and
screening; analytical methods including gas and
liquid chromatography hyphenated with mass spec-
trometry or other detectors, nuclear magnetic reso-
nance spectroscopy, infrared spectroscopy, capillary
electrophoresis, and the detection of exposure to
toxic scheduled chemicals.

I hope that this book will be of great benefit to
people working in the field of the verification and
implementation of the CWC. Without the profes-
sionals who have contributed to this book, it would
not have been possible. I therefore express my
sincerest thanks to all of the experts who have given
their time and effort in publishing their precious
knowledge in the field of CWC chemicals analysis.

Markku Mesilaakso
Helsinki, March 2005






CHAPTER 1
Introduction

Markku Mesilaakso

Finnish Institute for Verification of the Chemical Weapons Convention (VERIFIN), University of Helsinki,

Finland

1 The Chemical Weapons Convention

CWO) .o 1
2 Definitions . ................
3 Schedules of Chemicals

—_

1 THE CHEMICAL WEAPONS
CONVENTION (CWC)

The Convention on the prohibition of the devel-
opment, production, stockpiling, and use of chem-
ical weapons and of their destruction (the Chemical
Weapons Convention, CWC) was signed on January
13, 1993, and entered into force on April 29, 1997.
The CWC includes 24 Articles, the Annex on Chem-
icals, the Annex on Implementation and Verification
(so-called Verification Annex), and the Confiden-
tiality Annex. The Verification Annex, which by the
length occupies the majority of the CWC, is written
in 11 parts. Article I lists the general obligations of
the CWC as shown in Figure 1.

2 DEFINITIONS

The terms used in the CWC need to be explained,
and for this reason, the terms used in the Articles

4 Organization for the Prohibition of
Chemical Weapons (OPCW)
5  Verification
6 This Book .................
Abbreviations and Acronyms . . . . .

&~ B~ LW

are defined in Article II, Definitions and Criteria.
The terms used in the Verification Annex are defined
in its first part. In general, a chemical weapon
may be understood as munition filled with toxic
chemical, but the definition of the CWC gives a
larger perspective. Also, from the point of view
of analytical chemistry, it is necessary to have an
idea about what kind of chemicals we are aiming
at. Also related to chemicals are a whole set of
terms that need to be defined, that is, ‘Chem-
ical Weapons’, ‘Toxic Chemical’, ‘Precursor’, and,
in addition, ‘key component’. The definitions are
as follows.

‘Chemical Weapons’” means the following,
together or separately: (a) toxic chemicals and their
precursors, except where intended for purposes
not prohibited under this Convention, as long as
the types and quantities are consistent with such
purposes; (b) munitions and devices, specifically
designed to cause death or other harm through the
toxic properties of those toxic chemicals specified
in subparagraph (a), which would be released as

Chemical Weapons Convention Chemicals Analysis. Edited by Markku Mesilaakso.
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2 CHEMICAL WEAPONS CONVENTION CHEMICALS ANALYSIS

ARTICLE |
GENERAL OBLIGATIONS

Each State Party to this Convention undertakes never under any circumstances:

to develop, produce, otherwise acquire, stockpile or retain chemical weapons, or transfer, directly or indirectly,
chemical weapons to anyone;

to use chemical weapons;

to engage in any military preparations to use chemical weapons;

to assist, encourage or induce, in any way, anyone to engage in any activity prohibited to a State Party under
this Convention.

Each State Party undertakes to destroy chemical weapons it owns or possesses, or that are located in any place
under its jurisdiction or control, in accordance with the provisions of this Convention.

Each State Party undertakes to destroy all chemical weapons it abandoned on the territory of another State
Party, in accordance with the provisions of this Convention.

Each State Party undertakes to destroy any chemical weapons production facilities it owns or possesses, or
that are located in any place under its jurisdiction or control, in accordance with the provisions of this
Convention.

Each State Party undertakes not to use riot control agents as a method of warfare.

Figure 1. Article I of the Chemical Weapons Convention

a result of the employment of such munitions and
devices; (c) any equipment specifically designed for
use directly in connection with the employment of
munitions and devices specified in (b).

‘Toxic Chemical’ means any chemical, which
through its chemical action on life processes can
cause death, temporary incapacitation, or perma-
nent harm to humans or animals. This includes
all such chemicals, regardless of their origin or
of their method of production, and regardless of
whether they are produced in facilities, in munitions,
or elsewhere.

‘Precursor’ means any chemical reactant that
takes part at any stage in the production, by whatever
method, of a toxic chemical. This includes any key
component of a binary or multicomponent chemical
system.

‘Key Component of Binary or Multicomponent
Chemical Systems’ (hereinafter referred to as ‘key
component’) means any precursor, which plays the
most important role in determining the toxic proper-
ties of the final product and reacts rapidly with other
chemicals in the binary or multicomponent system.

3 SCHEDULES OF CHEMICALS

For the purpose of implementing the CWC,
toxic chemicals and precursors, which have
been identified for the application of verification
measures, are listed in Schedules contained in
the Annex on Chemicals (for the Schedules,
see Chapter 2). Schedule 1 includes chemicals
developed, produced, stockpiled, or used as a
chemical weapon as defined above, and chemicals
structurally close to them. Schedule 2 lists three
toxic chemicals not included in Schedule 1
and the degradation products and precursors of
these toxic chemicals as well as of those of
Schedule 1. Schedule 3 lists four toxic chemicals
and precursors not listed in the other Schedules.
The Schedules contain mainly organic chemicals
with different chemical and physical properties,
being neutral chemicals, acids, bases, volatiles, and
nonvolatiles, where phosphorus, fluorine, sulfur,
chlorine, nitrogen, and oxygen occur frequently.
Riot control agents are not included in the
Schedules.
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Schedule 1.A.3

O-Alkyl (R1= H or <C10, incl. cycloalkyl) S-2-dialkyl (R2 = Me, Et, n-Pr or i-Pr)-aminoethyl
alkyl (R3 = Me, Et, n-Pr or i-Pr) phosphonothiolates

and corresponding alkylated or protonated salts (R4 = alkyl or H; X: halogen)

EXAMPLE: O-Ethyl S-2-diisopropylaminoethyl methyl phosphonothiolate [VX, CAS 50782-69-9]

Figure 2. Definition and structures of Schedule 1.A.3 chemicals

The three Schedules contain altogether 57 list
items from which 42 are individual chemicals and 15
are families of chemicals with a common structural
backbone. Such families in the Schedules make the
number of chemicals that are subject to verification
very large. An idea of the number of chemicals in
the Schedules may be obtained when considering,
for example, the family of VX (Schedule 1.A.3),
including its salts (Figure 2).

Another example is found in Schedule 2.B .4,
which contains an even larger number of chemicals
defined in the following way: ‘Chemicals, except for
those listed in Schedule 1, containing a phosphorus
atom to which is bonded one methyl, ethyl or propyl
(normal or iso) group but not further carbon atoms
[exemption: Fonofos, CAS 944-22-9]’.

4 ORGANIZATION FOR THE
PROHIBITION OF CHEMICAL
WEAPONS (OPCW)

The States Parties to the CWC have established
the Organization for the Prohibition of Chemical
Weapons (OPCW; www.opcw.org) to achieve the
object and purpose of the CWC, to ensure the imple-
mentation of its provisions, including those for inter-
national verification of compliance with it, and to
provide a forum for consultation and cooperation
among States Parties (SPs). All SPs to the CWC

are members of the OPCW. The Organization shall
conduct its verification activities provided under
the CWC in the least intrusive manner possible,
consistent with the timely and efficient accomplish-
ment of their objectives. It shall request only the
information and data necessary to fulfill its responsi-
bilities under the CWC. It shall take every precaution
to protect the confidentiality of information on civil
and military activities and facilities coming to its
knowledge in the implementation of the CWC and,
in particular, shall abide by the provisions set forth in
the Confidentiality Annex. In undertaking its verifi-
cation activities, the OPCW shall consider measures
to make use of advances in science and technology.

5 VERIFICATION

The OPCW performs verification activities on a
regular basis and can conduct challenge inspec-
tions. The purpose is to verify that the SPs fulfill
their obligations under the CWC. Regular verifica-
tion includes assessment of the declarations made
by the SPs by conducting on-site inspections of
declared sites.

The general rules for verification (Verification
Annex, Part II, paragraphs 52—-54) describe sample
taking (sampling, sample collection) and analysis.
By way of example, sampling and analysis shall
be undertaken to check for the absence of unde-
clared scheduled chemicals during inspections under
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regime of Schedule 2 chemicals and facilities related
to such chemicals. Also, sampling and on-site anal-
ysis may be undertaken to check for the absence
of undeclared scheduled chemicals during inspec-
tions under regime of Schedule 3 chemicals and
facilities related to such chemicals. In case of
unresolved ambiguities, samples may be analyzed
in a designated off-site laboratory, subject to the
inspected SPs agreement. (For the summary on the
sampling and analysis in the CWC, see Annex 1 in
Chapter 2.)

For the on-site analysis, the inspectors bring with
them mobile instrumentation capable of performing
the analysis in the least intrusive manner where
the chemicals are revealed only according to the
purpose of the inspection and the information on
nonscheduled chemicals will remain confidential
(for so-called blinded analysis, see Chapter 4).

For the off-site analysis, the designated laborato-
ries are used. These laboratories have instrumental
capability, preparedness, and analytical methods to
analyze the samples taken by the inspectors or by the
inspected SP representatives. The samples sent (after
the agreement of the inspected SP) to the off-site
laboratory are coded, and therefore the laboratory
receiving the samples will not know their origin.
The laboratories are capable of confirming the pres-
ence or absence of CWC-related chemicals and other
chemicals, but must report only data relevant to the
purpose of the analysis as defined by the OPCW. The
laboratory’s work on the OPCW samples is confi-
dential, which is a normal practice when regarding
the work with laboratory’s other collaborators and
commercial business partners. The work is reported
only to the OPCW.

6 THIS BOOK

Chemical Weapons Convention Chemicals Analysis
discusses sample collection, sample preparation and
analysis, and concentrates on verification that takes
place on site, analyses off site, and methods and
procedures used. In the first part of the book is
discussed the mobile laboratory of the OPCW and
instrumentation and software used therein, as well
as other on-site analysis equipment, procedures,
and strategies. The OPCW gas chromatograph—mass
spectrometer for on-site analysis is described and

an introduction to Automated Mass Spectrometry
Deconvolution and Identification System (AMDIS)
software is given. Various monitoring methods of
hazardous substances are viewed. A comprehensive
review to 10 OPCW proficiency tests has been done.
The topics related to the OPCW Central Analytical
Database (OCAD) are discussed.

The second part of the book begins with a
discussion of the analysis strategy employed in an
OPCW-designated laboratory and continues with
a discussion on sample preparation methods in
an off-site laboratory and concludes with discus-
sion on the various analytical techniques used for
analysis of CWC-related chemicals in (designated)
laboratories worldwide. The analytical techniques
are gas chromatography (GC), gas chromatog-
raphy/mass spectrometry (GC/MS), liquid chro-
matography/mass spectrometry (LC/MS), nuclear
magnetic resonance (NMR) spectroscopy, gas chro-
matography/Fourier transform infrared spectroscopy
(GC/FTIR), and capillary electrophoresis (CE). The
methods included in this part provide the best
off-site performance for unambiguous identifica-
tion of CWC-related chemicals. The success of
these off-site analysis techniques has been unequivo-
cally confirmed in the international proficiency tests.
Other examples in the literature exist from excellent
performance from ‘real samples’, for example, the
detection of intact sarin by mass spectrometry from
a painted metal fragment after four years of contam-
ination.

In the third part, methods for retrospective detec-
tion of exposure to toxic scheduled chemicals using
mass spectrometric and immunochemical analysis
methods are discussed. The described methods are
applied to human origin samples. These methods
are essential when in cases of use, or allegations
of use, previous presence or absence of toxic chem-
icals need to be confirmed. Identification of CWC-
related chemicals provides key supporting evidence
of noncompliance with the CWC.

ABBREVIATIONS AND ACRONYMS

AMDIS Automated Mass Spectrometry
Deconvolution and Identification
System

CAS Chemical Abstracts Service
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CHAPTER 2

Sampling and Analysis in the Chemical Weapons
Convention and the OPCW Mobile Laboratory

Stefan Mogl

Organization for the Prohibition of Chemical Weapons, The Hague, The Netherlands

1 Introduction. . . ............. 7
2 Role of On-site Analysis in the
Verification Process
3 Laboratories for On-site analysis . 10
3.1 On-site Analysis Conducted by
the Inspected State Party and
Witnessed by the Inspection

Team (IT).............. 10
3.2 On-site Analysis Conducted by
the IT ................ 11
4 The OPCW Mobile Laboratory . . 11
4.1 Equipment Requirements
and Specifications . ....... 11
4.2 Sample Collection Kit ... .. 11
4.3 Sample Preparation Kit . . . . . 12
4.4 Sample Transport Kits .. ... 12
45 GC/MS ....... ... ..., 13
5 Blinding of the GC/MS Instrument 14

1 INTRODUCTION

During the first session of the Preparatory Commis-
sion for the Organization for the Prohibition of
Chemical Weapons (OPCW), which was held bet-
ween 8 and 12 February 1993 in The Hague,
Working Group B was established with the task
of drafting procedures for ‘verification and tech-
nical cooperation and assistance’. Up to the entry

6 Limitations of the OPCW Mobile

Laboratory ................ 17
6.1 Sample Collection Equipment 17
6.2 Sample Preparation Equipment 17
6.3 GC/MS instrument . . ... ... 18
7 The OPCW S&A Network . . ... 18

7.1 OPCW Proficiency Testing . . 18
7.2 The Role of the OPCW

Laboratory in Rijswijk during

Off-site Analysis . ........ 18
Abbreviations and Acronyms . . . . 19
References . ............... 19
Annex 1.................. 20
Annex 2: Schedules 1-3....... 23
Annex 3: Excerpt from Decision 71
from the first Conference of
States Parties. . .. ........... 28
Annex 6. ................. 28

into force of the Chemical Weapons Convention
(CWCQ) in April 1997, Working Group B developed
procedures for the conduct of verification activi-
ties and specifications for equipment. An impor-
tant part of the group’s deliberations was the issue
of sampling and analysis (S&A). On the basis
of the recommendations of Working Group B, the
First Conference of States Parties, held in The
Hague in May 1997, adopted a list of approved

Chemical Weapons Convention Chemicals Analysis. Edited by Markku Mesilaakso.
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8 CHEMICAL WEAPONS CONVENTION CHEMICALS ANALYSIS

equipment for inspection purposes and procedures
relating to proficiency testing for the designation
of laboratories for off-site analysis, thus setting
the initial conditions for sampling and analysis.
On the basis of this, the Technical Secretariat
(Secretariat) has developed its on-site and off-site
S&A capability. The following article describes
the role of on-site analysis in the verification
process and the OPCW mobile laboratory to be
used by inspectors to perform such on-site anal-
ysis. Particular emphasis is given to the description
of software tools that were developed to protect
confidential information (commercial or military)
and which limit the analysis capability to CWC-
related chemicals.

2 ROLE OF ON-SITE ANALYSIS IN
THE VERIFICATION PROCESS

The CWC ) makes extensive reference to S&A
in its ‘Annex on Implementation and Verification
(Verification Annex)’. First in part II, under General
Rules of Verification, but also in later sections that
describe verification activities for particular types
of inspections or inspectable facilities as shown in
Table 1. The full wording of the respective provi-
sions is included in Annex 1.

S&A is one of several verification tools available
to an inspection team (IT), and like any other, its
purpose is to assist the IT in achieving the inspection
mandate that was issued by the Director-General.
From among all the tools available to the IT, S&A is

Table 1. Provisions in the Verification Annex of the
CWC for S&A. The full wording of the respective provi-
sions is included in Annex 1. (Annotation: VA.I1.52-58
reads as Verification Annex, part two, paragraph 52 to 58)

VA.IL52-58 General rules for S&A
VAIL11(d),12 Inviolability of samples
VA.IV(A).49b,66,70 Storage, destruction facilities
VA.V .49(iii) Production facilities
VA.VIL.27 Schedule 2 facilities
VA.VIIL.22 Schedule 3 facilities
VA.IX.19 Other chemical production
facilities
VA.X.27¢,36b,47,48 Challenge inspections
VA.XI.16-18 Investigations of alleged use
CA.16 Facility agreement: taking of

samples and their analysis

special in the sense that it provides factual evidence
for the presence of scheduled chemicals through
detection and identification and/or supports a conclu-
sion of absence of scheduled chemicals through
analysis results. Considering the role that was given
to S&A in the CWC and the potential of S&A to
provide factual evidence on the presence or absence
of chemicals, it can be followed that the Secretariat
of the OPCW must establish and maintain the capa-
bility to perform chemical analysis.

The CWC provides for three principal ways to
undertake chemical analysis:

(a) on-site analysis by the IT using approved ins-
pection equipment [VA.I1.53];

(b) on-site analysis conducted by the inspected
State Party ((ISP)) in the presence of the IT,
using equipment available at the inspection site
[VA.IL.53]; and

(c) off-site analysis at designated laboratories that
have been certified by the Director-General for
such analysis [VA.IL.55].

The objective of S&A may depend on the type
of inspection that is being conducted. However,
the two standard inspection objectives of S&A are
as follows:

e confirmation of the declaration (confirm identity
of a declared chemical); and

e confirmation of absence of any undeclared sched-
uled chemicals, in particular, Schedule 1 chemi-
cals.

While both objectives may pose particular chal-
lenges to S&A, the analysis for absence of any unde-
clared scheduled chemicals is significantly more
demanding. The large number of chemicals that are
theoretically possible to be synthesized based on the
definitions in the Schedules of the CWC illustrate
this in Table 2. A list of the Schedules of chemicals
is included in Annex 2 @,

Table 2 illustrates that the majority of Schedule
numbers allow deriving only one or a few different
possible chemicals. One Schedule number however,
Schedule 2.B.4, describes millions of possibilities
(‘Chemicals, except for those listed in Schedule 1,
containing a phosphorous atom to which is bonded
one methyl, ethyl or propyl (normal or iso) group
but no further carbon atoms’); and more importantly,
the theoretical possibilities for the nerve agents
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Table 2. Estimated number of possible chemicals that can be derived from the definitions for scheduled
chemicals contained in the Annex on Chemicals of the CWC not counting corresponding protonated or alkylated

salts, where this is applicable

Schedule (Estimated) Schedule (Estimated) Schedule Number of
number number of number number of number chemicals
chemicals chemicals

1.A.1 >20000° 2.A.1 1 3.A.1 1
1.LA2 >50000“ 2.A2 1 3.A2 1
1.A3 >200 000 2.A3 1 3.A3 1
1.A4 9 2.B.4 Millions 3.A4 1
1.A5 3 2.B.5 20° 3.B.5 1
1.A6 3 2.B.6 100 3.B.6 1
1.A.7 1 2.B.7 1 3.B.7 1
1.A.8 1 2.B.8 1 3.B.8 1
1.B.9 4 2.B.9 1 3.B.9 1
1.B.10 >200 000 2.B.10 10 3.B.10 1
1.B.11 1 2.B.11 8 3.B.11 1
1.B.12 1 2.B.12 10 3.B.12 1

- - 2.B.13 1 3.B.13 1

- - 2.B.14 1 3.B.14 1

- - - - 3.B.15 1

- - - - 3.B.16 1

- - - - 3.B.17 1

“Including branched chains and cyclo alkane chains, not including bicyclo alkane chains and stereoisomers and not including

corresponding protonated and alkylated salts
>Only including dichlorides and difluorides

in Schedule 1.A.1 to 1.A.3 exceed two hundred
seventy thousand. Schedule 1.B.10 chemicals are
precursors to Schedule 1.A.3 and respectively repre-
sent the same number of possibilities.

While only few of all these theoretically possible
Schedule 1 chemicals have ever been stockpiled
as chemical weapons, all of them are scheduled
chemicals. In order for the Secretariat to be able
to check for absence of any undeclared scheduled
chemicals, the methods used for analysis should be
capable of detecting and identifying as many of them
as possible.

The CWC provides for different types of inspec-
tions and as stated above, the actual role of S&A
in a particular inspection depends on the type of
inspection being conducted. Table 3 lists types of
inspections provided for in the CWC and the partic-
ular objective of S&A for each one.

The role of S&A at a Chemical Weapons Destruc-
tion Facility (CWDF) is different than in other types
of inspections. At a CWDF, the main objective of
S&A is to confirm the identity of a particular chem-
ical that has been declared, that is, the declared
chemical agent that is being destroyed. Further,

Table 3. Different types of inspections and the respective purpose of S&A

Type of Inspection

Main purpose of S&A

Inspection of Schedule 1 facility
(other facility)

Inspection of Schedule 2 facility

Inspection of Schedule 3 facility

Other chemical production facilities

Chemical weapons storage facilities

Chemical weapons destruction
facilities (CWDF)

Challenge inspections

Investigation of alleged use

chemicals

Confirm absence of nondeclared activity

Confirm absence of nondeclared chemicals, in particular, Schedule 1

Tagging of items for later S&A at CWDF

Confirm identity of chemical agent being destroyed, confirm
nondiversion of agent and end point of destruction of chemical agent

Confirm absence of any nondeclared scheduled chemical(s)

Confirm absence of chemical weapons and riot control agents
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S&A’s objective is also to confirm that this chem-
ical is not contained in the effluent streams above a
certain concentration. This difference in the objec-
tive of S&A compared to that of confirming absence
of nondeclared scheduled chemicals has influenced
the approach taken by the Secretariat for the conduct
of on-site analysis.

The next section explains how the two approaches,
analysis of a declared chemical and analysis for
undeclared scheduled chemicals, have influenced on-
site analysis activities and how on-site laboratories
are or may be used for such analysis.

It must be stated however, that the CWC would
also allow for a different interpretation of the
purpose of S&A at a CWDF. Paragraph 66 (c) of
part IV (A) states that ‘the specific type and quan-
tity of chemical weapons being destroyed’ should
be part of systematic on-site verification measures.
This would also allow analyzing for any undeclared
scheduled chemicals being destroyed in addition to
the declared chemical.

3 LABORATORIES FOR ON-SITE
ANALYSIS

Sample collection will generally be conducted by
the inspected State Party (during investigations of
alleged use (IAU), the inspection team may collect
the samples itself), however, the IT may collect
the sample(s) if agreed in advance between the
inspected State Party and the IT [VA.IL.52]. The IT
has the right to conduct sample analysis using its
own approved equipment or it may witness analysis
performed by the inspected State Party [VA.IL53].
This leads to two different concepts for on-site
analysis as laid out below.

It is important to understand that OPCW inspec-
tors must be able to demonstrate to all States Parties
that all analysis results have been obtained on inde-
pendent and verifiable bases, whilst remaining flex-
ible to specific site conditions and requirements.

3.1 On-site Analysis Conducted by the
Inspected State Party and Witnessed
by the Inspection Team (IT)

If the analysis is conducted by the inspected State
Party, OPCW inspectors are in the role of witnessing

the analysis performed by the site personnel. This
has various implications because analytical tech-
nique, sample preparation and analysis procedures,
and quality assurance and quality control measures
may be different to the ones described in OPCW
procedures.

From a practical point of view, it may be rather
difficult to verify the proper operation of computer
programs or the identity of chemicals used by site
personnel, and, as a consequence, the correctness
of analysis results. This, in particular, if the anal-
ysis is checking for undeclared scheduled chemi-
cals and not aiming to confirm the presence of a
declared scheduled chemical. In order for an anal-
ysis for absence of undeclared scheduled chemicals
to be credible for verification purposes, it must be
conducted in accordance with OPCW procedures,
fulfilling OPCW QA/QC (quality assurance/quality
control) criteria and using the OPCW Central
Analytical Database (OCAD) as reference . [The
OCAD contains peer-reviewed validated analytical
data of Scheduled chemicals (mass spectra, gas
chromatography retention indices, infrared spectra,
nuclear magnetic resonance spectra) that has been
approved for inclusion into the database by the
policy making organs of the OPCW.]

Therefore, on-site analysis conducted by the ins-
pected State Party based on its own procedures is
used routinely only in CWDF. The main focus of
analysis at CWDF is to confirm the identity of
the agent being destroyed and its absence in the
effluent streams as described above. Agent identity
is confirmed by GC/MS (gas chromatograph/mass
spectrometer) analysis of an agent sample; mass
spectrum and retention index are compared to the
OCAD. Alternatively, in place of retention index
comparison, the retention time of the agent peak is
compared to the retention time of an agent refer-
ence standard provided by the inspected State Party.
Absence of agent in effluent streams is frequently
proven by GC analysis using absence of a peak
in the retention time window of the agent. The
retention time window has been established by
analyzing the standard described above. If the anal-
ysis requires sample preparation, such as solvent
extraction, an aliquot of the sample matrix is spiked
with the reference standard within the detection
range of the method and analyzed in parallel for

QA/QC purposes.
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3.2 On-site Analysis Conducted by the IT

If the IT is conducting on-site analysis using its
own equipment, the view taken has been that the
team should be independent and carry the entire
equipment necessary. This led to the design of the
OPCW mobile laboratory, which is described in
Section 4.

The preparation of the samples for analysis and
the analyses itself will be performed by the IT
using its own equipment approved for this purpose.
Sample preparation and analysis is conducted in
accordance with OPCW standard operating proce-
dures (SOP) and work instructions (WI) applying
OPCW QA/QC criteria.

Within this approach lays the possibility of
various levels of assistance by the inspected State
Party offering equipment, such as the use of
inspected site laboratory facilities, fumed hoods,
and the like. Such offers are laid down in facility
agreements concluded between the inspected site
and the OPCW, following an initial inspection.
However, fundamental to this approach is that
sample preparation and analysis are conducted by
OPCW inspectors according to OPCW-approved
procedures with equipment that meets OPCW
QA/QC criteria. All activities may be witnessed by
inspected State Party representatives.

The following section describes the design and
capabilities of the OPCW mobile laboratory.

4 THE OPCW MOBILE LABORATORY

The OPCW mobile laboratory is designed for use
in all types of inspections. It is able to function
self-contained, if necessary in a tent powered by
electricity generators. It contains sufficient equip-
ment to allow the IT the collection and preparation
of various types of sample matrices and the GC/MS
analysis of their extracts. All items of equipment
are packaged in flight cases in such a way that two
persons can move each transport container by hand.

4.1 Equipment Requirements
and Specifications

Any item of equipment that is carried by an OPCW
IT must have been approved for this purpose. All

equipment that is currently used or allowed for use
in inspections is contained on a list of approved
equipment that was adopted by the Conference of
States Parties at its first sessions in May 1997, in
decision 71 (C-I/DEC.71) ®. This list of approved
equipment was the result of extensive negotiations
held during the period of the preparatory commis-
sion of the OPCW in the expert groups of Working
Group B. For each item of equipment ‘general and
specific operational requirements, common eval-
uation criteria and technical specifications’ were
defined in Annexes to C-I/DEC.71. In C-I/DEC.71,
individual items are listed together according to
their intended purpose in particular equipment Kits.
An excerpt of C-I/DEC.71, the GC/MS sample
preparation kit, is presented as an example in
Annex 3.

Following is a description of the purpose and
design of the OPCW mobile laboratory and its
respective equipment kits. While the list of approved
equipment in C-I/DEC.71 contains other items for
S&A (i.e. FTIR, Alleged Use Sample Collection
Kit), the items described in this article are the ones
that have been actually procured and are actively
used by OPCW ITs at the time of this publication.
A more detailed description of S&A equipment kits
can be found in Chapter 3.

4.2 Sample Collection Kit

The sample collection kit has been designed to
allow the IT to collect bulk solid, soil, water,
liquid and wipe samples. It contains enough items
to collect eight samples of each matrix. All items
intended to come into contact with the sample are
packed individually for one time use. The items
are arranged in transport boxes (flight cases) in
individual drawers (Picture 1). Empty ‘pelli cases’
are included to allow the inspectors to assemble
and carry forward specific items to the sampling
location suitable for the particular sampling activity.
A reduced version of the sample collection kit
packaged in a briefcase is available for inspections
where this will suffice.

The Secretariat developed sample collection pro-
cedures in accordance with its quality system that
describe the collection of different types of samples
(see Table 4).
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Picture 1. Some items of sample collection kit

Table 4. Secretariat quality documents describing the
collection of samples during on-site inspection. The
documents listed in the table are part of the Secretariat’s
quality management system and undergo regular revision.
Thus, their names and codes may change in future

‘Work instruction for: Secretariat reference

Collecting and splitting of QDOC/LAB/WI/SC1
toxic samples under
hazardous conditions
on-site

Collection and splitting of QDOC/LAB/WI1/SC2

samples under
non-hazardous conditions

4.3 Sample Preparation Kit

The sample preparation kit (Picture 2) holds all
equipment necessary to prepare the samples for
GC/MS analysis on-site in four transport boxes
(flight cases). It contains everything from the pH
paper to the laboratory coat including the chemi-
cals to conduct the sample preparation procedures. A
reduced version of the sample preparation kit pack-
aged in two pelli cases is available for inspections
where this will suffice.

The objective of all sample preparation proce-
dures is to extract the analytes of interest from the
different sample matrices and then to bring them

Picture 2. Sample preparation kit

into a form that they can pass through a GC column,
using derivatization if required. One of the key items
of the kit and next to the fume hood the most
bulky one is the centrifugal evaporator that allows
a gentle evaporation of water in order to isolate
polar analytes that remain in the water fraction after
solvent extraction. The Secretariat drafted generic
sample preparation procedures as shown in Table 5.
These procedures use liquid/liquid and solid/liquid
extraction and are with slight modifications based on
the VERIFIN Blue Books ©. A detailed description
of the sample preparation kit and methods can be
found in Chapter 3.

4.4 Sample Transport Kits

The list of approved equipment contains two sample
transport containers designed for the transport of
samples for off-site analysis. The two containers are
labelled as ‘large- and small sample transport kits’
(Pictures 3 and 4) and both are designed to fulfill the
requirements for air transport [IATA (International
Air Transport Association) provision A106] © and
international standards for road, railway, and sea
transport. The large container has been designed
and tested by the United States and the small
container by the United Kingdom. Therefore, the
two containers are frequently referred to as US and
UK containers.
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Table 5. Secretariat quality documents describing the
preparation of samples during on site inspection for
GC/MS analysis, the destruction of sample material and
the chain of custody documentation. The documents listed
in the table are part of the Secretariat’s quality manage-
ment system and undergo regular revision. Thus, their
names and codes may change in future

Work instruction for: Reference

Preparation of samples on-site ~ QDOC/LAB/WI/SP2
for GC/MS analysis

The chain of custody and QDOC/LAB/WI/OSA3
documentation for OPCW
samples on site

The destruction of sample QDOC/LAB/WI1/SP016

material

Picture 3. Large sample transport kit

The small container is approved for the transport
of 10 g of pure material or 400 g of diluted material
and the large container is approved for 350 ml of
any material.

4.5 GC/MS

The OPCW mobile laboratory includes a portable
GC/MS. The system shown in Picture 5 including
printer and helium connection kit is packed in five
transport boxes. Because of the modular design
of the instrument, it is shipped with two GC-
ovens and two GC-injectors in order to allow the

Picture 5. Bench top GC/MS instrument

inspector on-site to change the inlet and separation
part should problems occur. At the time of writing,
the Secretariat was in the process of replacing the
GC/MS shown in Picture 5 with a standard bench
top instrument adapted for OPCW purposes. Before
any GC/MS is packed and dispatched from the
Secretariat it is tested at the OPCW Laboratory in
accordance with the Secretariat’s quality system. A
detailed description of the testing procedure and
the instrument QA/QC criteria can be found in
Chapter 4. For each GC/MS to be dispatched a
certificate of the office of the internal oversight
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(OIO) of the Secretariat is issued to confirm that
the system meets all relevant performance criteria.
Both organizational units, the OPCW Laboratory
and the OIO, are accredited by the Dutch Accredi-
tation Council (RvA) for this activity.

Two types of portable analytical equipment were
approved by the Conference of State Parties for
on-site analysis, that is, GC/MS and Fourier trans-
form infrared (FTIR). Initially, it was anticipated
that FTIR might be used in storage, destruction
and Schedule 1 facilities for screening purposes to
confirm the presence of declared chemicals. While
FTIR analysis is suitable to identify pure chemicals
or certain chemicals in mixtures at varying detection
limits, FTIR cannot be used to analyze for absence
of undeclared scheduled chemicals, for which the
IT would have to carry in addition to the FTIR a
GC/MS. For GC/MS analysis samples are analyzed
at very low concentration contrary to FTIR anal-
ysis, which minimizes the risk of contamination in
the on-site laboratory and reduces the risk of expo-
sure of OPCW inspectors and on-site personnel.
Considering the limitations of FTIR and the fact
that GC/MS can cover the field of application of
the FTIR for OPCW purposes, a decision was taken
in 2000 to focus on the use of GC/MS in the OPCW
mobile laboratory subject to future developments.

The Secretariat developed a set of quality docu-
ments for the preparation and handling of the
GC/MS system (see Table 6).

Table 6. Secretariat quality documents describing the
preparation and handling of the GC/MS system. The
documents listed in the table are part of the Secretariat’s
quality management system and undergo regular revision.
Thus, their names and codes may change in future

Work instruction for: Reference

Bruker EM 640S portable =~ QDOC/LAB/WI/GCMS001
GC/MS on-site analysis

Bruker EM 640S GC/MS QDOC/LAB/WI/GCMS002
testing and preparation
of instruments for
on-site analysis

Bruker EM 640S portable =~ QDOC/LAB/WI/GCMS003
GC/MS packing
procedures

Bruker EM 640S portable =~ QDOC/LAB/WI/GCMS004

GC/MS installation and
handling of software

S BLINDING OF THE GC/MS
INSTRUMENT

Confidentiality concerns, in particular, in relation to
inspections of industry facilities and in relation to
activities not prohibited by the Convention have led
to several measures aimed at protecting sensitive
information. In order to allow the inspected State
Party to retain all data produced by the GC/MS,
the equipment is operated from a removable hard
disk, which may be retained on site at the end
of the inspection. Another measure has been the
design of dual mode software for the GC/MS by
modifying the operating software of the instrument
to offer operation in so-called open or blinded mode
as explained in the following.

Open mode provides standard functionality of the
GC/MS; blinded mode limits the information that
is revealed by the instrument to the operator. If
operated in blinded mode, the instrument will only
display or reveal information on those chemicals
contained in the sample that are relevant to assess
presence or absence of scheduled chemicals. In order
to achieve this the data postprocessing software can
only search a specific mass spectral library that is
an extract of the OCAD. This OCAD only contains
chemicals that have been approved for inclusion into
the database by the policy making organs of the
OPCW. For a full description of the OCAD, please
refer to Chapter 7. Two independent software
modules were developed, which used independently
or together limit the information that is displayed
by the instrument. One is the blinding feature of the
instrument operating system and the other the nego-
tiation module of the data postprocessing software
AMDIS (Automated Mass Spectral Deconvolution
and Identification System developed by the United
States Department of Commerce, National Insti-
tute of Standards and Technology (NIST)), which
provides for different so-called security levels.

During the set-up process of the GC/MS instru-
ment that is shown in Picture 5, the negotia-
tion module is used to install the on-site target
library and to select the security level filter of
AMDIS (this approach may be modified for the new
GC/MS system). The security level filters of AMDIS
progressively restrict the accessibility to and the
content of the data that AMDIS provides after post-
processing of the spectral data. In order to protect



