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Introduction
The Chemical Weapons Convention (CWC) was opened for signature in January 1993
and entered into force in 1997 after it had been ratified by 65 nations. The CWC calls for
inspection and verification of the treaty, in cases of routine inspection, challenge
inspection and alleged use. The analysis of Chemical Warfare Agents (CWAs), their
precursors and degradation products is a key issue in these procedures and therefore the
Organisation for the Prohibition of Chemical Weapons (OPCW) has appointed designated
laboratories to undertake analysis of samples that may arise from these inspections. To
gain the status as an “OPCW Designated Laboratory” a candidate laboratory must have a
proper quality system and a national accreditation (ISO IEC 17025 or equivalent) for the
analysis of CWAs. In addition, the laboratory must have performed successfully in three
consecutive rounds in the OPCW’s Official Proficiency Testing Programme. The
laboratory at the Swedish Defence Research Agency (FOI) is accredited by the “Swedish
Board for Accreditation and Conformity Assessment” (SWEDAC) and gained its
designation in November 1998 after successful performance in three consecutive
Proficiency Tests. The laboratory has since then participated in a Proficiency Tests
annually to retain designation.
A Proficiency Test consists of samples artificially fortified with chemicals (spiking
chemicals) relevant or non-relevant to the CWC. Relevant chemicals are to be reported to
the OPCW while the non-relevant chemicals shall not. The report must be submitted
within 15 days from the sample arrival day and the report, including all instrumental data,
must fulfil well defined criteria for the identifications to be accepted.[1] The laboratory
will be scored based on the number of accepted identifications. To retain designation all
designated laboratories must each year participate and score successfully in a Proficiency
Test, which are organised twice a year by the OPCW.
Each Proficiency Test is conducted by the OPCW with the assistance of two Designated
Laboratories. Definition of the test scenario and the preparation of the test samples is a
task for the “Preparatory Laboratory” after agreement with the OPCW. After the
Proficiency test, the reports from the participating laboratories are evaluated by the
“Evaluating Laboratory” and OPCW. The parallel evaluation ensures a thorough
assessment according to the evaluation criteria and the compiled examination forms the
basis for the performance scoring of the laboratories. During evaluation all presented
analytical data is assessed. The presence of the “spiking chemical” in the sample and its
absence in the blank must be shown and the quality of the data must fulfil the criteria. In
addition, the link between the analytical data and the original sample must be clearly
outlined (traceability) by a description of the sample preparation and sample aliquot
codes for the purified fractions. All chemical structures and the nomenclature used must
be correct. The assisting laboratories are credited with a maximum performance rating if
their work and report meet the requirements in the Standard Operating Procedures for
these tasks.
FOI assisted the OPCW as the Evaluating Laboratory in the 14th Official OPCW
Proficiency Test (November 2003). On the eights of October 2003 three different
artificially spiked samples were sent out to 24 laboratories for analysis of CWAs and
related chemicals. Samples and a test scenario (Appendix 1) were supplied by the Sample
Preparation Laboratory; DSO, Singapore. In order for us to gain experience from the test
samples and to draw conclusions about the difficulties the participating laboratories might
encounter, we analyzed the samples prior to the evaluation without knowledge of their
spiking chemical content.
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20 laboratories submitted reports to the OPCW and our evaluation of the results was
published by the OPCW as a part of the documentation of the test.[2] All data submitted
by the participants in the test was assessed and detailed comments were given. In the
present report, the analytical data from our own analysis of the test samples is presented
and the results are compared with the results of the participating laboratories. Different
approaches used for sample preparation, chemical analyses and reporting will be assessed
and conclusions are drawn concerning their efficiency for production of accepted data.

Materials and Methods
Chemicals
All solvents and chemicals used for analysis were of analytical grade. Prior to the analysis
the purity of solvents was checked by GC-MS-analysis. Solvents; Dichloromethane
(Merck), acetonitrile (LiChroSolv), n-hexane (Merck), deuterium oxide (Dr. Glaser AG).
Reagents and extraction cartridges; NaSO4-cartridge (Isolute 802-0250-M, Scantec Lab
AB), BSTFA (Pierce, Boule Nordic AB), strong cat-ion exchanger (Alltech, ExtractClean 209950, Scantec Lab AB), methylthioglycolate (Aldrich).
Reference chemicals were supplied by the Sample Preparation Laboratory; DSO,
Singapore. Stock solutions were kept in a safe in our “Single Small Scale Facility”
(SSSF). Sample analysis was performed without knowledge of the spiking chemicals and
when a candidate compound was identified, a call was made to the manager of our SSSF
for the corresponding reference chemical.

Test Samples
The samples were dispatched from Singapore on the 8th of October and arrived at the FOI
laboratory on the 14th of October. As an Evaluating Laboratory two sample sets,
numbered 28 and 29, were sent to us. Each sample set consisted of one water sample (W),
one decontamination solution (D) and one organic sample (O), with their corresponding
blanks (WB, DB and OB). Only one of the two identical sample sets (no 28) was used for
the analyses discussed in this report.

Sample Preparation
Chemical Warfare Agents is a group of chemicals with widely varying properties ranging
from water soluble, highly polar chemicals such as the degradation products of nerve
gases to water immiscible non-polar chemicals such as sulphur mustards. The analytical
strategies for determination of all scheduled chemicals are hence quite complex and
consists of of many steps. The standard sample preparation procedures are described in
the Recommended Operating Procedures (ROP’s) in the quality system of our laboratory.
However, when required, our quality system allows us to use alternative sample
preparation methods, as long as they are carefully documented. In the Proficiency Test
described in this report, the purification of the organic sample by silica solid phase
extraction was applied when the recommended methods did not produce acceptable data.
All samples handled in the accredited system are given an internal code describing the
sample matrix. After the matrix code each sample is given an individual number. Each
sub sample of the original sample is then given an extension; sub sample number and a
letter combination corresponding to the analytical route making up the sample aliquot
code, which together with the original code assures the traceability of each individual
sample. Original codes and the corresponding internal codes for the 14th Official OPCW
Proficiency Test are shown in Table 1.
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FOI Sample Code

Sample Code

OPCW Original

Table 1. Sample aliquot coding system. OPCW codes; O = Organic sample , D =
Decontamination solution, W = Water sample, FOI codes; L = Liquid sample, W = Water
sample

Aliquot codes from

Route
NMR

O/28

L1

L1:4N

OB/28

LB1 LB1:5N

D/28

W1

DB/28

WB1 WB1:1N

W/28

W3

WB/28

WB3 WB3:3N

W1:1N

W3:3N

Route A

Route B

Route C

Route D Route E

Route F

Route G

L1:1A

L1:2AS

L1:5AT

L1:7B

-

-

-

LB1:2A

LB1:3AS

LB1:6AT

LB1:8B

-

-

-

-

-

-

W1:2ES

W1:4FT

-

-

-

-

WB1:2ES

WB1:4FT

-

-

W3:4CS

-

W3:2ES

W3:5FT

W3:6GS

-

WB3:4CS

-

WB3:2ES

WB3:5FT

WB3:6GS

W1:3A,
W1:3AS
WB1:3A,
WB1:3AS
W3:4A,
W3:4AS
WB3:4A,
WB3:4AS

- = not analysed or not applicable
Decontamination solution (W1 and WB1)
The Recommended Procedure P2 was applied for the decontamination solution (Figure 1):
•

10 ml of sample and blank were extracted at prevailing pH (~8) with 2 x 5 ml
dichloromethane (Route A, Fig. 1). The combined extract was dried by a NaSO4cartridge, evaporated under a gentle stream of nitrogen to approximately 1 ml before
analysis.

•

Route B, C, D and G (Fig 1) were not utilized in this test.

•

A 5 ml portion of the sample (and blank) was subjected to ion exchange using a strong
cation exchange cartridge in H+-form to minimize the presence of cat-ions before
derivatization (Route E, Fig. 1). The fraction from the cat ion exchange was evaporated
to dryness, dissolved in 1 ml acetonitrile and derivatized as above.

•

A 5 ml of the sample and blank respectively were made acidic (pH 1) using 1 M HCl
and derivatized at room temperature for 1 h with methylthioglycolate for identification
of Lewisite compounds (Route F, Fig. 1). The derivatives were extracted with 2 x 5 ml
hexane, dried (using sodium sulphate) and concentrated to 1 ml.
All of the above described fractions were subjected to GC/MS-analysis using electron impact
(EI), chemical (CI) ionisation, and GC-analysis using specific detectors (i.e. NPD and FPD in
sulphur mode).
For the NMR analysis 0,1 ml of deuterium oxide was added to 0.6 ml of the sample and blank
respectively (Route NMR-analysis, Fig. 1) .
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GC/NPD,
FPD, GC/MS

Compound no# 1,2
and 3 identified

H 2O

GC/NPD,
FPD, GC/MS

W1:3BS
WB1:3BS

Silylate

Concentrate (N2)

Dry with Na2SO4

Combine the extracts

Extract with 2 x 5 ml
Dichloromethane

Adjust pH to 1
with HCl

H 2O

GC/NPD,
FPD, GC/MS

W1:3CS
WB1:3CS

Silylate

Concentrate (N2)

Dry with Na2SO4

Combine the extracts

Extract with 2 x 5 ml
Dichloromethane

Adjust pH to >10
with NaOH

Water 10 ml

C

Compounds no#
2 and 3 identified

GC/NPD,
FPD, GC/MS

W1:2ES
WB1:2ES

Silylate

Evaporate to
dryness

Cationexchange

Water 5 ml

Water 5 ml

GC/MS

W1:4FT
WB1:4FT

Concentrate (N2)

Dry with Na2SO4

Combine the extracts

Extract with
2 x 5 ml hexane

Add methylthioglycolate,
shake sample 1 h

Adjust pH to 1
with HCl

F

E
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Recommended Operating Procedure flowchart for sample preparation of decontamination solutions (W1 and WB1)

W1:3AS
WB1:3AS

GC/NPD,
FPD, GC/MS

Figure 1.

Silylate

Concentrate (N2)

Dry with Na2SO4

Combine the extracts

Extract with 2 x 5 ml
Dichloromethane

W1:3A
WB1:3A

W1:1N
WB1:1N

Adjust pH to neutral
Acidic samples - NaOH
Alkaline samples - HCl

Water 10 ml

Water 10 ml

Water 10 ml

NMR

B

A

NMR-analys
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Figure 2.

W3:3N
WB3:3N

W3:4AS
WB3:4AS

GC/NPD,
FPD, GC/MS

H 2O

GC/NPD,
FPD, GC/MS

W3:4BS
WB3:4BS

Silylate

Concentrate (N2)

Dry with Na2SO4

Combine the extracts

Extract with 2 x 5 ml
Dichloromethane

Adjust pH to 1
with HCl

H 2O

GC/NPD,
FPD, GC/MS

Concentrate (N2)

GC/NPD,
FPD, GC/MS

W3:4CS
WB3:4CS

Silylate

W3:2ES
WB3:2ES

Silylate

Evaporate to
dryness

Cationexchange

Water 5 ml

E

Dry with Na2SO4

Combine the extracts

Extract with 2 x 5 ml
Dichloromethane

Adjust pH to >10
with NaOH

Water 10 ml

C
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Recommended Operating Procedure flowchart for sample preparation of water samples (W3 and WB3)

GC/NPD,
FPD, GC/MS

Silylate

W3:4A
WB3:4A

Concentrate (N2)

Dry with Na2SO4

Combine the extracts

Extract with 2 x 5 ml
Dichloromethane

Adjust pH to neutral
Acidic samples - NaOH
Alkaline samples - HCl

Water 10 ml

Water 10 ml

Water 10 ml

NMR

B

A

NMR-analys
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GC/MS

W3:5FT
WB3:5FT

Concentrate (N2)

Dry with Na2SO4

Combine the extracts

Extract with
2 x 5 ml hexane

Add methylthioglycolate,
shake sample 1 h

Adjust pH to 1
with HCl

Water 5 ml

F

GC/NPD,
FPD, GC/MS

W3:6GS
WB3:6GS

Silylate

Evaporate to
dryness

Water 5 ml

G
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Water sample (W3 and WB3)
The recommended procedure P2 was applied for the water sample (Fig. 2):
•

10 ml of sample and blank were extracted at neutral pH with 2 x 5 ml dichloromethane
(Route A, Fig. 2). The combined extract was dried by a NaSO4-cartridge, evaporated
under a gentle stream of nitrogen to approximately 1 ml before analysis.

•

Route B and D (Fig 2) were not utilized in this Proficiency Test.

•

The water residue from route A was adjusted to pH 10 and extracted with 2 times 5 ml
dichloromethane, dried and evaporated as above to approximately1 ml before analysis
(Route C, Fig 2).

•

5 ml of the sample (and blank) was subjected to cation exchange as above before
derivatization (Route E, Fig 2). The fraction from the cation exchange was evaporated
to dryness, dissolved in acetonitrile and derivatized as above.

•

5 ml of the sample and blank respectively were made acidic with HCl (pH 1) and
derivatized at room temperature for 1 h with methylthioglycolate for identification of
Lewisite compounds as above (Route F, Fig. 2).

•

5 ml of the sample (and blank) was evaporated to dryness, dissolved in 1 ml acetonitrile
and silylated using 100 µl BSTFA at 60 °C for 1 h. (Route G, Fig. 2)
All of the above described fractions were subjected to GC/MS-analysis using electron impact
(EI) , chemical (CI) ionisation, and GC-analysis using specific detectors (i.e. NPD and FPD).
For the NMR analysis 5 ml of the sample and blank were concentrated to approximately 0.5
ml, deuterium oxide was added and the samples were analyzed by NMR (Route NMRanalysis, Fig. 2).
Organic Sample (L and LB):
The recommended procedure P7 was applied on the organic sample (Fig. 3):
•

100 µl of the sample and blank respectively was analysed directly by GC/MS (Route A,
Fig. 3).

•

Another 500 µl portion was derivatized at 60 °C for 1 h with 100 µl BSTFA added to
the sample (Route B, Fig. 3).

•

A new 500 µl portion of sample (and blank) were derivatized for identification of
Lewisite compounds at room temperature for 30 minutes using methylthioglycolate
(Route C, Fig. 3).

•

To remove the sample matrix consisting of diesel oil (saturated aliphatic hydrocarbons)
an additional purification procedure was applied to the sample. A 100 µl aliquot of each
the sample and blank were applied to columns packed with activated silica and
conditioned with hexane. The slightly polar spiking chemicals were retained on the
silica surface while the interfering alkanes were washed away by hexane. The spiking
chemicals were subsequently eluted by methanol. (Route D, Fig. 3).
All fractions were subjected to GC/MS-analysis using electron impact (EI) , chemical (CI)
ionisation, and GC-analysis using specific detectors (i.e. NPD and FPD in sulphur mode).
•

A 1 ml portion of sample and blank were prepared by solvent exchange to
deuteriochloroform and analyzed by NMR.(Route NMR-analysis, Fig 3).
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Sample
OB/28, O/28

A

B

L1:4N
LB1:5N

L1:1A
LB1:2A

Silylate

NMR

GC/NPD,
FPD, GC/MS

L1:2AS
LB1:3AS

Compound no# 7
identified

GC/NPD,
FPD, GC/MS

D

C
Derivatise with methyl
thioglycalate
L1:5AT
LB1:6AT

GC/MS

Silica clean-up
L1:7B
LB1:8B

GC/MS
Compound no# 4,5
and 6 identified

Figure 3. Recommended Operating Procedure flowchart for sample preparation of organic
samples (L1, LB1)

Instrumental
Gas chromatography and mass spectrometry analysis
GC/MS (EI) analyses were performed using a Hewlett Packard 5890 GC coupled to a 5972
mass selective detector. Separations were accomplished on a J&W DB5MS capillary column
programmed from 40 or 60 °C (depending on solvent) (1 min), 10°C/min to 280 °C (5 min).
The injector temperature was 200 °C. 70 eV EI mass spectra were acquired over the range
m/z 29 - 450 (3 scans/s) with a source temperature of 155 °C.
GC/MS (CI) analyses were performed using a Hewlett Packard 6890 GC coupled to a 5973N
mass selective detector. GC conditions were the same as for GC-MS (EI). CI mass spectra
were acquired over the range m/z 60 to 500 (3 scans/s) with a source temperature of 250 °C.
Isobutane was used as chemical ionisation gas.
For screening of nitrogen and phosphorous containing compounds in the samples a Hewlett
Packard 5890 GC with a Nitrogen-Phosphorous detector operating at 280 °C was used. GC
conditions were the same as for GC-MS (EI).
For screening of sulphur containing compounds in the samples a Varian 3400CX GC-system
with a PFPD-detector was used. GC conditions were the same as for GC-MS (EI).
The performance of GC/MS instruments was evaluated before analysing the samples. A
compound mixture consisting of 8 chemicals (in retention order); deuterated
dimethylmethylphosphonate (D3-DMMP, RT = 5.81), decane, 2,6-dimethylphenol, 5-chloro2-methylaniline, pentadecane, tributylphosphate, dibenzothiophene and malathion (Figure 4),
was analysed and evaluated concerning GC-parameters; S/N, peak skewness and retention
time, and for MS-parameters; isotope ratio and mass spectrum quality (Appendix 2).
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Abundance
TIC
:Q
A1014.D

200000
3.08
180000

14.94

160000

140000
16.65
120000

20.10

7.75

100000
18.16
80000

12.36
10.05

60000

5.81

40000
4.04
20000

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

22.00

24.00

26.00

28.00

Tim
e-->

Figure 4. GC/MS total ion chromatogram (TIC) of an instrument performance quality
assurance mixture.

NMR analysis
NMR analyses were performed on a Bruker Avance 500 instrument (500 MHz proton
frequency) using a 5 mm QNP probe (1H, 13C, 31P, 19F) with Z-field gradient. Conventional
proton NMR experiments as well as proton-decoupled phosphorus NMR experiments were
performed. To study the structural environment around phosphorus, proton detected
heteronuclear correlations were performed using gradient selected HMBC (Heteronuclear
Multiple Bond Correlation) experiments. A polarization delay of 50-60 milliseconds was
usually optimal to register proton-phosphorus correlations over 2-4 bonds.

Results and Discussion
General
The 14th Proficiency Test presented a new scenario with a water sample free from “spiked”
chemicals relevant to the CWC. Although this is a likely scenario, it has not been applied in
the Proficiency Testing Programme before. In the other two samples, seven chemicals
relevant to the CWC were identified. The organic sample contained three highly toxic spiking
chemicals; the nerve gas Tabun (chemical 4, Table 2) and two analogues related to the nerve
gases VX and Cyclosarin, respectively (chemical 6 and 7). An expected by-product from
Tabun synthesis was also present in the organic sample (chemical 5). The decontamination
solution contained three expected degradation products from chemical 4 and 6 (chemical 1-3).
The set of spiking chemicals matched the scenario of a challenge inspection of a synthesis
facility.
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Sample
code

Chem.
No.

Chemical name

D28

1

O-ethyl, O-(2methoxyethyl) N,Ndimethylphosphoramidate
Bis-(2-methyoxyethyl)
ethylphosphonate

D28

2

Chemical structure
O

N P

O

O28

O28

3

4

5

C7H18NO4P

-

C8H19O5P

2.B.4

C11H23O4P

2.B.4

C5H11N2O2P

1.A.2

C6H16NO3P

2.B.6

C8H16FO2P

1.A.1

C12H28NO2P
S

1.A.3

O
O
P

O-cyclohexyl, O-(2methoxyethyl)
ethylphosphonate

O
P

O-ethyl N,N-dimethylphosphoroamidocyanidate
Diethyl N,N-dimethylphosphoramidate

Schedule
number

O

O

O

O

O

D28

Molecular
formula

O
O
N

P

O
O
O

CN
O
O
N P

O

O28

O28

6

7

O-cyclohexyl
ethylphosphonoflouridate
O-propyl S-2diisopropylaminoethyl methylphosphonothiolate

O
P

O

F
O
P
O

S

N

Table 2. Identified and reported chemicals in the 14th Proficiency Test

Decontamination Sample
Screening of the original sample by Proton decoupled phosphorus NMR spectrum revealed
three peaks which could be assigned to chemicals relevant to the CWC. Supplementary
HMBC 1H-31P correlation assisted in the identification of a N,N-dimethylphosphoramidate
and two ethylphosphonates.
The full structures of chemical 1-3 were subsequently identified by GC-MS (EI) and (CI)
analyses of a dichloromethane extract from the sample (route A in Figure 1). The extraction
removed polar components in the sample matrix such as amines and alkoxyethanols. In
addition, the extraction concentrated the spiking chemicals and intense sample peaks were
present in the GC-MS (EI) total ion chromatogram (TIC, Figure 5). The degradation products
were identified based on their EI mass spectra (page 14, 20 and 26, appendix 3) and we
verified their identities by comparison with the spectra of authentic reference chemicals. Most
of the participating laboratories succeeded to correctly identify chemical 1-3 (Success rate:
67%).[2] The presence of reference EI spectra in the OPCW Central Analytical Database
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made the identification easier and use of this database would probably have assisted three of
the participating laboratories in identifying them correctly. Instead misinterpretation of the
spectra resulted in the reporting of chemicals not present in the sample, which were
categorized as false positive identifications.
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Figure 5.
GC/MS EI TIC of sample aliquot W1:3A from sample D/28. Spiking
chemicals #1, #2 and #3 are indicated.
On purification of an aliquot of the decontamination solution by strong cat ion exchange
(route E in Figure 1) we observed that the acid labile chemical 1 was quantitatively
hydrolyzed to its corresponding phosphate (chemical Q in reference 2). This unscheduled
chemical gave a signal for phosphorus in the GC-NPD analysis that was not present in the
blank (data not shown). Interpretation of the EI mass spectrum, which was not found in the
database, together with results from NMR-analysis, lead us to the conclusion that this was an
artefact caused by the sample preparation conditions. An extended study of this case is
described in a separate report.[3] Chemical Q was reported by one laboratory and was initially
categorized as a false positive identification causing a failure in the test. However, the
chemical was re-categorized since it could not be excluded that partial degradation could have
taken place, during the time from sample preparation to the time of analysis, in the sample
analyzed by that laboratory.

14

FOI-R-1555-SE

Water Sample
According to the test scenario the Water sample was collected from the water treatment plant
in the inspected facility. The sample was prepared and analyzed according to our
Recommended Operating Procedures (see Figure 2) with sequential organic extractions at
different pH, subsequent ion exchange treatment of the water residue before derivatization for
GC and GC-MS analysis of polar chemicals such as phosphonic acids. However, no
chemicals relevant to the CWC were found which, taken the scenario into account, was not
surprising.
No phosphorus containing chemicals could be detected in the water sample by NMR analysis.
Neither did proton NMR spectra show any evidence of CWC related chemicals.
Two laboratories incorrectly reported triethanolamine and thiodiglycol, respectively. These
false positive identifications may have been due to contamination of the samples during
sample preparation.

Organic Sample
A strong background (Figure 6) in combination with a relatively low spiking level made the
identification of the spiking chemicals 4-7 difficult. The sample matrix contained diesel oil
(hydrocarbons), p-xylene, chlorobenzene and tributyl phosphate in a hexane solvent.
However, screening by proton decoupled phosphorus-31 NMR, showed peaks in the spectrum
which indicated the presence of a dialkylphosphoramidate and a tabun analog, respectively.
More information about the structural environment around the phosphor was obtained from a
HMBC 1H-31P correlation experiment. From the results of this experiment tabun and diethyl
N, N-dimethylphosphoramidate could be verified. It also showed that an
ethylphosphonofluoridate was present in the sample.
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Figure 6.
GC/MS EI TIC of the non-treated sample aliquot L1:1A from sample O/28.
Signals from the spiking chemicals are covered by the high abundance peaks from p-xylene,
chorobenzene and diesel oil.
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Figure 7. GC-MS EI TIC of a silica cleaned-up sample aliquot L1:7B from sample O/28.
Spiking chemical #4, #5, #6 and #7 are indicated.

The presence of the spiking chemicals was indicated by the GC-MS data from the analysis of
the untreated sample (Figure 6). However, sample purification by solid phase extraction on a
silica cartridge was required to produce clean MS (EI)-spectra for correct identifications of
chemical 4, 5 and 6 (route D in Figure 3)(data on page 34, 40 and 46 in appendix 3). In figure
7, the TIC from the analysis of the purified sample is shown. The peaks from the alkane series
are absent in the purified sample and the purification efficiency is indicated by the strong peak
at 16.69 min from tributylphosphate. In the TIC of the un-purified sample more than 10 peaks
related to alkanes are more abundant than the tributylphosphate peak (Figure 6). In the sample
purification procedure, the slightly polar spiking chemicals were retained on the silica surface
while the interfering alkanes were washed away by hexane. The spiking chemicals were
subsequently eluted by methanol. For the identification of chemical 6 (O-cyclohexyl
ethylphosphonoflouridate) this step was crucial because of co-elution with alkanes in the GCMS analysis of the un-purified sample. The spectrum of chemical 7 (O-propyl S-2diisopropylaminoethyl methylphosphonothiolate) in the purified sample contained
background peaks from an unknown compound originating from the silica column. Thus, the
best data for this chemical was acquired from the un-purified sample aliquot L1:1A where
only a few low abundant background ions were present in the spectrum. Four significant
background GC-peaks were present in the extracted ion chromatogram (EIC) of the blank
sample within the retention time window of chemical 7. Therefore, the spectra of those
background chemicals were reported to show the absence of the test chemical in the blank (se
discussion below). The participating laboratories used a wide range of purification procedures
although the silica solid phase extraction was the preferred choice. Lack of screening
techniques and less efficient methods to purify the sample were major reasons for a reduced
success rate of 58%. Two laboratories reported false positive identifications based on
misinterpretation of (EI) mass spectra.
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Reporting of chromatographic data
The most common base for rejection of chromatographic data in the 14th Proficiency Test was
the failure to demonstrate the absence of the reported chemicals in the blank. The blank data
must be presented in such a way that the evaluators are able to assess the noise level in the
blank. In the evaluation criteria for chromatographic data [1] the requirements for the data
presentation are set:
“The chromatograms of blanks must be presented with intensity scales that enable
the evaluators to determine the signal-to-noise ratios of peaks…” Attachment 1,
§1.3
“The absence of a peak in the blank is considered to be demonstrated if the signal
(peak height) of a peak in the respective retention time window in the blank is
below 1% of the signal of the peak of the test chemical in the sample.” Attachment
1, §1.3
“The retention time of the GC peak must fall within a window of ±(5 seconds + 1%
of the retention time from a reference chemical).” Attachment 1, §2.1.c
“The signal-to-noise ratio of a chromatographic peak in GC-based techniques must
be at least 5:1.” Attachment 1, §2.1.d
Based on our experiences from the evaluation we have adopted the following reporting
procedure:
•

Display chromatograms with retention time (RT) range: test chemical peak RT ± 2 min.

•

Intensity scale of sample chromatograms must be normalized to the test chemical peak.

•

Intensity scale of blank chromatograms must be expanded at least 10 times compared to the
intensity scale of the sample chromatogram in order to enable evaluation of the noise
level. GC-MS: Always report EICs (m/z = base peak in test chemical mass spectrum).

The “Check List” below can be used to assess whether the reported data will show the
absence of the test chemical in the blank down to the required level:
•

Is there a peak in the blank chromatogram within the RT window of the test chemical?

•

If Yes: Has the peak a signal to noise ratio > 5:1? If No: Data is sufficient.

•

If Yes: Is the peak height > 1% of test chemical peak height in sample? If No: Data is
sufficient.

•

If Yes (GC/MS): Mass spectrum of the peak in the blank must be reported. If Yes (GC/
NPD or FPD): The absence of the test chemical in the blank can not be shown.
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FOI Reporting Procedures
In previous tests, TIC and spectra from GC-MS (EI) and GC-MS (CI) was the only instrumental
data reported by our laboratory. For an identification of a chemical to be accepted it has to be
based on at least two different analytical techniques giving consistent results; at least one of these
techniques must be a spectrometric technique. The evaluation of the 14th Proficiency Test has
shown the importance of submission of data from complementary techniques to decrease the risk
of having identifications rejected if one set of analytical data will not meet the evaluation criteria
[1]. Thus, the probability of a good performance was improved by several laboratories submitting
data from at least three techniques (e.g. GC-MS(EI), GC-MS(CI) and GC(NPD) or GC(FPD)). In
future tests, our laboratory will submit GC-data using sulphur and phosphorous selective detectors
in addition to the GC-MS-data.
During the evaluation we observed a range of different reporting strategies and the use of new
macros in the Agilent MS-Chemstation software making it possible to reduce the number of pages
in the report significantly. The macros were provided by Lawrence Livermore National
Laboratory, CA, USA, and was used by our laboratory. The GC-MS data in appendix 3 has been
reconstructed from the original files in order to increase the report quality (the original report was
not evaluated or the basis for the score “A” in the test). In the new chromatogram display both TIC
and EIC supporting the identification of the test chemicals are routinely shown and this is a
significant improvement (se discussion above). The increased selectivity of EICs will improve
signal to noise ratio of test chemical peaks in the samples and remove most of the peaks in the
corresponding blank samples.

Revision of the Evaluation Criteria
Our laboratory suggested a number of revisions of the Evaluation Criteria [1] for the OPCW in
order to improve the data quality of the reports and to facilitate the work of the Evaluators (3 a-f in
ref. 2). The most important revision concerned the width of the retention time window in GC
based techniques. The retention time window was much too wide compared to the reproducibility
of modern GC instruments and the definition was unnecessary complicated: Test chemical RT ± (5
seconds + 1% of the retention time from a reference chemical). After a debate, the Final
Conference of the 14th Proficiency Test could agree on a revision of the retention time window to;
Test chemical peak RT ± 0.1 min.
Furthermore, a call was made for clarifications of the Evaluation Criteria concerning the “absence
in the blank” of test chemicals and a revision of the NMR criteria. New revised criteria have since
then been adopted. [4]

Concluding Remarks
The 14th Official OPCW Proficiency Test was a demanding exercise for the participating
laboratories. The test highlighted a number of problems associated with the analysis of CWAs in
environmental samples and the experiences from the test have improved the competence of the
laboratories. As the evaluating laboratory we made an effort to achieve a thorough assessment of
the reports and a fair evaluation. The experience we acquired by our own analysis of the samples
was of great value in evaluating process. Our laboratory was awarded by the OPCW with the top
score “A” for our contribution. However, the experiences from the evaluation are also of great
value and they have made us better prepared for future tests.
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