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Abstract

Analytical methods using liquid chromatography-tandem mass spectrometry for the detection of
CWAs in decontamination formulations were developed and validated. Various parameters were
investigated, including mass spectrometer parameter optimization, investigation of ionization matrix
effects, chromatographic separation, use of internal standard type compounds, linearity, carry over
and precision. The sampling design for decon experiments was also investigated and modified to
ensure accurate results. The methods are suitable for the agents GF and GD, and the decon
formulations RSDL and British Decon using F54.

The final methods allow detection of agents in decon formulation samples using dilution as the only
sample preparation step (“dilute and shoot”). As such, the methods will provide accurate
identification and quantitation of agents in real time to test decon formulation efficacy.

Generic protocols for adapting the developed methods for use with other agents and decon
formulations were also prepared.
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Executive Summary

Title: Development of LC/MS methods to be used in Decontamination Research with CW Agents

Introduction

Analytical methods for the quantitation of chemical warfare agents (CWAs) in decontamination
formulations were required for research purposes. Liquid chromatography —tandem mass
spectrometry (LC-MS/MS) is a highly specific and sensitive technique, allowing samples to be
analysed with minimal sample preparation. As such, the technique is a good fit for the timely analysis
of CWA degradation in complex decon formulations.

Results
LC-MS/MS methods were developed, allowing for direct analysis of agents in decon formulation
solutions with no sample preparation other than dilution. The dilution step performs two functions:
- quenching of the decon reaction to provide a snapshot of the agent concentration in time,
- reduces the decon solution to an appropriate level where matrix effects in the ionization
source are eliminated.

This report details the work performed to fully develop and validate the analytical methods as well as
address issues in the decon experiment sampling process. Generic protocols are also presented for
future work with agents and decon formulations not studied in this contract.

Significance

These methods will allow DRDC staff to perform research on GD and GF in RSDL and the British Decon
formulations to determine efficacy under different conditions. Various parameters in the decon
experiment sampling design and analytical method were investigated and optimized to ensure that a
decrease in agent concentration is due to actual decon and not some other process. The generic
protocols provide the steps to be taken to create methods compatible with different agents and
decon formulations for future research.

Future Plans
Future work to improve the ability to perform decon research includes:

- identifying break down products of CWAs in decon reactions and developing methods to
quantify them,

- improving the decon formulation sampling procedure by customizing the Gilson automated
liquid handler to increase efficiency and accuracy while maintaining the benefits of reduced
handling of agents for researchers,

- investigate the potential for use of other analytical instruments present at DRDC, including
the 6130 single quad MS system using APCl ionization and the evaporative light scattering
detector.
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Definitions
6460

ACN
AJS
APCI
CWA
DI H20
DAD
ESI
ESTD
F54
GD

GF

IDL
IPA
ISTD
LC
MeOH
MPEG
MRM
MS
NH4Ac
QaQ
%RSD
RSDL
TEP
TBP

TPP

model number of the Agilent mass spectrometer used for this project
acetonitrile

Agilent Jet Spray

atmospheric pressure chemical ionization
chemical warfare agent

deionized lab grade water

diode array detector

electrospray

external standard

phase-stable microemulsion decontamination formulation
Soman, a CWA

Cyclohexyl sarin, a CWA

instrument detection limit

isopropyl alcohol

internal standard

liguid chromatograph

methanol

methoxypoly(ethylene glycol)

multiple reaction monitoring

mass spectrometer

ammonium acetate

triple quadrupole (or tandem quadruple) MS
percent relative standard deviation

reactive skin decontaminant lotion

triethyl phosphate

tributyl phosphate

tripropyl phosphate
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Outline of Actions based on Objectives

Objective 1

“The first objective of this contract is to develop robust, well characterized, scientifically sound
LC/MS methods for quantifying the concentration of various CWA in complex decontamination
mixtures for both the 6130 MS and the 6460 QQQ instruments. The work will be to determine the
LC/MS methodology for two chemically related CW agents (GF and GD) with one decontamination
matrix, RSDL (Reactive Skin Decontamination Lotion). The optimized LC/MS methods need to be
used on both the 6130 MS single quad and the 6460 MS triple quad. As such, method development
will be undertaken on the 6460 QQQ, and then adapted for the 6130 MS single quad, if possible.”

Approach: studies were performed with RSDL using GF extensively and GD to a lesser degree.

All specific tasks listed in the contract were completed, with the exception of those listed below.

Specific Tasks Completed If no, Reason

1.16 Adaption of the method for no Based on work performed with the triple
the 6130 MS single quad quad (tandem) MS, and knowing that matrix
where possible effects are an ionization source

phenomenon and that the single quad MS
system is less specific and sensitive than the
triple quad, it was determined that the
single quad would not likely be a useful tool
for testing decontamination solutions. With
the Scientific Authority’s approval, it was
decided to not pursue this action.

1.17 Preparation of templates for yes for MH ChemStation templates are specific to the
work lists, methods and no for CS 6130 single quad MS, and as no work was
reports for Agilent done on the single quad, no templates were
MassHunter and ChemStation generated.
software

Objective 2

“The second objective is to develop a generic LC/MS protocol to rapidly screen potential
decontamination formulations using LC/MS and both the 6130 MS and the 6460 QQQ. This would
be developed for a single, representative CW agent (either GF or GD, based on the results from
Objective 1) and tested using a decontaminant matrix different than RSDL.
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As well, it is expected that the method development undertaken in Objective 1 will be used as the basis
for the generation of the generic methodology. The optimized LC/MS methods need to be used on both
the 6130 MS single quad and the 6460 MS triple quad. As such, any further method development will

be undertaken on the 6460 QQQ, and then adapted for the 6130 MS single quad, if possible.”

Approach: The British Decon solution (and F54 matrix) was chosen as a model to work with for
Objective 2. GF was the agent studied extensively.

All specific tasks listed in the contract were completed, with the exception of those listed below.

Specific Tasks Completed | If no, Reason

2.5 Adaption of the generic protocol for the no See explanation for 1.16.
6130 MS single quad where possible

2.6  Testing of the generic protocol using one no As the protocol was not adapted for
CW agent and one decontamination use with the 6130, it was not tested
matrix on the 6130 single quad on that instrument.

2.9 Preparation of templates for work lists, yes for MH | See explanation for 1.17.
methods and reports for Agilent no for CS

MassHunter and ChemStation software

2.11 A draft report of the method validation
suitable for submission to a peer
reviewed journal

The work performed for objective 2
is not suitable for publication in a
peer reviewed journal at this time.
Therefore no draft manuscript was
prepared.

General Tasks Supporting Objectives 1 & 2

All specific tasks listed in the contract were completed.
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Results and Discussion

Objective 1

1.1

1.2

1.3

Literature review

A colleague in DRDC (Dr. Paul D’Agostino) was contacted regarding literature references as he
maintains a collection of all relevant CWA papers. Two papers were used more extensively
than others:

“Recent advances and applications of LC-MS for the analysis of chemical warfare agents and
their degradation products — A review” by P.A. D’Agostino (1),

and

“Rapid Screening procedures for the hydrolysis products of chemical warfare agents using
positive and negative ion liquid chromatography-mass spectrometry with atmospheric
pressure chemical ionization” by Read and Black (2).

Internal DRDC documents were used to gather background information on RSDL and F54 decon
formulations (not referenced). Publically released information was also used (3 & 4,
respectively).

Assistance in preparation of CW standards and dilutions

Assistance was provided on several occasions for decon experiment solution and standard
preparation.

Selection of an appropriate internal standard

The alkyl phosphate compounds TEP, TPP and TBP were investigated for use as internal
standards.

Full scan spectra of TEP, TPP and TBP are shown in figures 1.3a — c. Note that ammonium
(NH4) adducts are not formed with these compounds, which is different than the G agents GF
and GD. Figure 1.3a shows two fragmentor voltages for TEP. At 60V the predominant ion is
[M+H]+ at 183, while fragment ions are seen at 120V(bottom).

Page 11 of 64



w104 +ESI Scam [4.9265.070 min, 20 scans) Frag=60.0 100113_TEP 0.6 ng in H20_APCI_scan_03.d Subtract

1840
1.8 (M+H]

TEP - no NH4 adducts
A =30 mM NH4Ac, B = MeOH

1.6
1.4
1.2

14
ik:2
06|

24 155.0

029 101.1 1253 ﬂ‘w\w
o4 _.._‘_._m_._._.—.._.._/unL.,.,m._.._._._MM J\A_m.. h - .|\ PR Fin . Ml
#10% +ESI| Scan2 [4.9305.074 min, 20 scans) Frag=120.0v 100113_TEF 0.E ng in H20_APCI_scan_03.d  Subtract
74
3.0
E.5
[M+H-(C2H4)3]+ 1831 [M+H]+

54 [M+H-{(C2H4)2]+ [M+H-C2H4]+
459 127.0 181

54 121.1 2050
il A | Mol .Ilm R SI R Y RN e W

75 B0 85 90 95 100 105 190 195 120 125 130 135 140 145 150 155 160 165 170 175 180 185 130 195 200 205 210 215 220 225
Counts vs. Massto-Charge [m/z]

Figure 1.3a - full scan spectra of TEP at fragmentor voltages of 60V and 120V
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Figure 1.3b — full scan spectra of TPP
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Figure 1.3c — full scan spectra of TBP

TEP typically elutes before GF with the RDSL matrix components, making it a good indicator of
ion suppression using ESI for that matrix. As such, TEP can be used to ensure that decon
experiment final dilutions are at an appropriate level where no ion suppression is occurring. If
TEP peak areas (and therefore recoveries) are consistent, then any changes to the agent
concentrations can then be attributed to decon rather than ion suppression.

TPP typically elutes after the agents GF and GD, and is therefore not a good indicator of ion
suppression. Itis, however, a good compound to be used to monitor the entire sample
preparation and handling process. By adding TPP at the beginning of the sample preparation,
it can be considered to be a “surrogate” compound. Monitoring the recovery of a surrogate
provides information on all aspects of the entire method from sample preparation to
instrumental analysis. An ideal surrogate behaves similarly to the target compounds while not
interfering with their analysis, and TPP fits this description. Poor surrogate recovery (and good
recovery of the TEP added at to the final dilution showing no ion suppression and valid
instrumental analysis) will indicate losses due to sample handling, e.g. insufficient mixing,
phase separations in the vial, solution losses, etc.

TBP elutes later than TPP, well after the gradient reaches 100% MeOH. It also exhibits a higher
degree of carry over (data not shown). It is therefore not recommended for use in decon
experiments.
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1.4

Recommendations - given the difference in ion suppression for TEP and TPP compared to GF,

and given the good accuracy of properly diluted decon solutions compared to compounds in

solvent (analytical standards),

e |t is not recommended that the ISTD calculation method be used. Rather, use the
ESTD method of calculation and manually monitor recoveries of TEP and TPP as

discussed below.

e Add an appropriate amount of TPP (see section 1.7) to the decon solution prior to

adding the agent. Subsequent dilutions will bring the level down to the final applicable
range. Monitor the recovery of this surrogate to gauge sample preparation and

dilution procedures.

e Add an appropriate amount of TEP (see section 1.7) to the final solutions (i.e. the final
dilutions that will be analysed on the LC-MS system) in a decon experiment. By adding
TEP just prior to instrumental analysis, the recovery can be used to indicate problems

with the instrumental analysis (final volumes, amount injected,) and most importantly,

ion suppression due to inadequate dilution of matrix.

Optimization of the mass spectrometer

CW agents and internal standards were optimized using a manual process or using MassHunter
Optimizer. It should be noted that Optimizer did not initially provide suitable results for GF
due to the fact that the agent tends to form adducts. Using 5 mM NH4Ac in DI H20 as the
aqueous mobile phase produced a strong ammonium adduct ([M+NH4]+) which proved to be a

stable ion to use as the precursor for MS/MS analysis. In many injections during the course of
the contract, both the [M+H]+ and [M+NH4]+ precursor ions produced very similar results in
terms of accuracy. The [M+NHA4]+ transitions are 17 times more intense (see table 1.4a), and

therefore the lower intensity [M+H]+ transitions were not included in the final MRM method.

. M+NH4]+ to [M+H]+
Injected [ Are]a Rat[io |

ESI APCI

GF 0.0046 ng 15.7
GF 0.023 ng 17.2 20.6
GF0.12ng 17.4 16.2
GF0.6 ng 17.5 16.5
GF3ng 17.1 14.9
average 17.0 17.0

Table 1.4a - relative intensity of [M+NH4]+ to [M+H]+ for GF by ESI and APCI
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Negative ion electrospray (ESI) did not produce appreciable signal for GF, GD and TEP. As such,
positive ion mode was used.

The final optimized values for each compound are presented in table 1.4b.

Compound Precursor Product lon Typical Relative
(Fragmentor ,V) (Collision Energy, V) Abundance
GF 198.1 (60 V) 99 (4V) 100%
[M+NH4]+ 181.1 (oV) 24.7%
GD 200.1 (55V) 85 (2V) 100%
[M+NH4]+ 183.1 (oVv) 23.3%
TEP 183.1 (70V) 99 (15V) 100%
[M+H]+ 127 (6V) 31.3%
TPP 225.1 (58Vv) |99 (12 V) 100%
[M+H]+ 141 (4 V) 26.5%
TBP 267.2 (58V) 99 (12V) 100%
[M+H]+ 155 (4 V) 22.3%

Table 1.4b - optimized MS parameters for GF, GD, TEP, TPP and TBP

Graphic representations of the MRM transitions are shown in figures 1.4a - e. Dwell times

were set to 90 ms for each transition.
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Figure 1.4e — TBP MRM transitions

Source conditions were optimized for the chromatographic conditions and target compounds.

Final optimized values for ESI-AJS are as follows:

Column
LC Conditions

Zorbax SB-C18, 2.1x50mm, 1.8
0.3 mL/min flow rate with gradient of 20 — 100% B

A =5mM NH4Ac, B = MeOH
Source parameters — ESI with Agilent Jet Spray, positive mode

Gas Temp 300 °C
Gas Flow 4 L/min
Nebulizer 50 psi
Sheath Gas Temp 250°C
Sheath Gas Flow 10 L/min
Capillary 2500V
Nozzle Voltage 500V

APCl can also be used if necessary. APCl source conditions were optimized in a preliminary

fashion, and as such, further optimization may be necessary.

Optimized source conditions for APCI are as follows:

Column
LC Conditions

Zorbax XDB-C18, 4.6x50mm, 1.8
0.65 mL/min flow rate with gradient of 20 — 100% B

A =5 mM NH4Ac, B = MeOH
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1.5

1.6

Source parameters — APCI, positive mode

Gas Temp 300 °C
Gas Flow 4 L/min
Nebulizer 40 psi
Vaporizer Temp 350 °C
Corona 10 pA
Capillary 3000V

Development of an MRM method for the 6460 QQQ

MRM methods were generated for GF and GD using the optimized values for each CWA and
ISTD compound, for both ESI and APCI. See Annex 1 for the MRM method listings. Methods
are located on the 6460 workstation in the “D:\MassHunter\Methods\!Decon Experiments”
folder.

Develop chromatographic separation of the components of interest

Use of the DAD was potentially beneficial for investigating the elution profile of the matrix and
active components in RSDL. Various wavelengths in the UV range were used, however no
signal was observed, even for high concentrations of RSDL injected. As such, use of the DAD
was discontinued and the mass spectrometer was used in full scan mode to detect matrix
components.

Using the MS in full scan mode, the MPEG components of RSDL that make up the “solvent”
were detectable. A mass range of 105 — 1200 amu was used. A lowest mass of 105 was chosen
as there were several ions in the blank at 101 amu and below, and so these were excluded
from runs investigating where RSDL components elute. A high mass range of 1200 was used as
the highest mass of the RSDL solvent matrix was found to be approximately 1100 amu.

Three different LC columns were investigated with RSDL:
e Zorbax SB-Phenyl, 2.1x100 mm, 3.5 um
e Zorbax XDB-C18, 4.6x50 mm, 1.8 um
e Zorbax SB-C18, 2.1x50 mm, 1.8 um

The retention of GF and TEP was compared to the retention of the MPEG solvent used in RSDL
in an effort to minimize ion suppression. Figures 1.6a shows the overall elution pattern for
MPEG, the first and last eluting MPEG components, and the %B gradient used for the three
columns tested (20 to 100 %B from 1 to 8 minutes). It can be seen that the Phenyl column
shows the highest degree of separation of the MPEG matrix components.

Page 19 of 64



#1068 +4PCI TIC Scan Frag=60.0v 100309_0.02 MPEG_APCI_scan_Phenyl_20-1008 1-8 min_08.d

' MPEG on different !
2 columns

#104 +aPCl EIC(3141, 974 5] Scan Frag=B0.0M 100305_0.02 MPEG_APCI_scan_Phenyl_20-1008 1-8 min_0F d
1 1

108 +4PCI TIC Scan Frag=60.0v 100303_0.02 MPEG_APC]_scan_XDB_20-1008 1-Bmin_11.d
1.4
1 1

®104 +APCI EIC(3141, 974.5] Scan Frag=60.0v 100309_0.02 MPEG_APC_scan_»DB_20-100B 1-8min_11.d
1 1
2

¥108 +4PCI TIC Scan Frag=60.0v 100309_0.02 MPEG_APCI_scan_SB_20-100B 1-8min_12.d
1 1

%104 +aPCl EIC(3141, 974 5] Scan Frag=60.00 100309_0.02 MPEG_APCI_scan_SB_20-100B 1-8min_12.d
&1 1

102 [BinPumpl - D:%B 100303_0.02 MPEG_APCI_scan_SB_20-1008 1-8min_12.d
14

o0&
0.6
0.44

o5 { 15 F 25 ] EG H 45 H 55 & 65 7 75 [ g5 ] d5 10 105 11 1ls
Fesponse vs. Acquisiion Time (min]

Figure 1.6a — MPEG elution pattern for Zorbax Phenyl, Eclipse XDB C18 and SB-C18 columns

Figures 1.6b — d show elution profiles for individual columns, as well as MRM traces for TEP
and GF on that column. It can be seen that for the Phenyl column, TEP elutes before the
majority of the MPEG while GF elutes in the same region as the major MPEG components. For
the XDB column, TEP elutes in the MPEG region while GF elutes after MPEG. Both TEP and GF
elute in the MPEG region on the SB column, although the majority of MPEG has eluted by the
time GF elutes.

Page 20 of 64



¥108 +APCI TIC Scan Frag=60.00 100303_0.02 MPEG_APCI_scan_Phenyl_20-1008 1-8 min_06.d

.J MPEG and TEP & GF
251 on Phenyl column

¥104 +APCI EIC[314.1. 974.5) Scan Frag=60.00v 100303_0.02 MPEG_APCI_scan_Phenyl 20-1008 1-8 min_06.d
1

¥103  +APCI TIC MAM CIDE™ [ -» ™) 100303_TEF GF MRM_Phery_20-1008 1-8 min_04.d
241
1.75
1.5+
1.25
14
0.75
0.5

TEP & GF

o5 1 15 2 75 3 EG 1 15 5 55 £ N
Counts vs. Acquisition Time: [min]

Figure 1.6b — MPEG, TEP and GF elution on Phenyl column
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Figure 1.6d — MPEG, TEP and GF elution on SB-C18 column

The final choice of column was determined by the amount of ion suppression found with both
RSDL and F54 decon solutions (see Results sections 1.8 & 2.2) as well as compatibility with
different ionization modes. The SB column was chosen for ESI methods and the XDB column
for use with APCI.

The effect of injection volume was investigated. The G agents are susceptible to hydrolysis and
therefore should be dissolved in ACN rather than water. Injecting samples in such a “strong”
solvent compared to the initial mobile phase conditions (20%B) can result in poor peak shape
and shifting retention times. The final MRM methods use an injection volume of 1 uL to avoid
such chromatographic problems.

As was mentioned earlier, strong ammonium adducts were seen (and are used) for the GF and
GD. The concentration of NH4Ac in the mobile phase was investigated. Figures 1.6e & f show
that the ESI response for TEP and GF decreases as the concentration of NH4Ac increases (5, 30
& 50 mM). Figures 1.6g & h show that there is no significant difference on TEP and GF
response in APCl between 10, 20 and 30 mM NH4Ac.
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Figure 1.6f — the effect of NH4Ac concentration on GF response in ESI
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Figure 1.6g — the effect of NH4Ac concentration on TEP response in APCI
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Figure 1.6h — the effect of NH4Ac concentration on GF response in APCI
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The effect of having NH4Ac in the organic mobile phase (B) was investigated. Figure 1.6i shows

no appreciable difference between no NH4Ac and 5mM NH4Ac in the methanol mobile phase.

Therefore, it is sufficient to add NH4Ac only to the A mobile phase.
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Figure 1.6i — effect of NH4Ac in methanol on TEP and GF

Methanol and acetonitrile were compared as the organic mobile phase in both APCl and ESI.

Figures 1.6j & k show that TEP response was reduced in ACN by almost 50% whereas GF was

reduced by more than 90%. Therefore, MeOH was used as the organic mobile phase.
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The LC stop time was adjusted to ensure all matrix compounds eluted before reverting to initial
LC conditions. Figure 1.6l shows that both F54 and RSDL matrix components elute using the
final LC conditions.
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Figure 1.6l — F54 and RSDL components elution profile under final LC conditions

The effect of different column temperature was investigated. There was no appreciable
difference in separation of matrix components and target analytes between 30, 40 and 50°C
(data not shown). Therefore, 30°C was chosen to keep the column temp above ambient. Note
the column temperature can be increased if column backpressure begins to increase due to
use over time. The time segments of the MRM analysis may have to be adjusted if retention
times are significantly altered.

The final MRM methods incorporate time segments that divert the LC flow to waste at the
beginning and end of run. In this way, LC flow is only going into the MS system when the
analytes of interest are eluting, preventing potential contamination.

Note that after performing analysis of a batch of decon experiment solutions, it is
recommended to flush the column with ACN and then MeOH to ensure the matrix has been
sufficiently cleaned from the system. Methods were created for that purpose for both ESI and
APCl ion sources. Printouts of the method are included in Annex 1, and they are stored on the
6460 workstation in the “D:\MassHunter\Methods\!Decon Experiments” folder.
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1.7

Review and optimize sampling procedure

The decon solution experiment sampling procedure used in the past was discussed with the
Scientific Authority. The specific outputs/requirements of the experiment were to detect
CWAs in complex decon matrices down to at least 1% of the starting concentration. Based on
this, tests were performed with dilutions of the MPEG polymer used as the solvent in RSDL to
determine matrix effects (ion suppression). The IDLs were used to determine levels of agent
and ISTDs required to provide strong enough signal that would result in tracking of the decon
solution effectiveness. A final consideration was the initial concentration of stock solutions
used, as the number of personnel involved from a safety perspective is dependent on the
concentration of agent in solution. A spreadsheet entitled “Decon Experiment Design -
establish dilutions.xls” was developed to assist in the design of decon experiments using either
diluted or neat decon solutions and agents.

The optimized sampling procedure was tested with RSDL and GF. TPP was added to the decon
sample at the beginning of the experiment, and TEP was added to final dilution. Results are
shown in table 1.7a. TEP and TPP recoveries look very consistent, ranging from 91.7 — 109.4%,
indicating no ion suppression and no losses during sample handling.
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Sample TEP Results GF-NH4 Results TPP Results
Name Type Level Acq. Date-Time RT Area Accuracy RT Area Accuracy RT Area Accuracy
ACN blank Blank 2010/16/03 16:48 4.967 347 5.800 19 7.041 6939
GF TEP TPP in ACN Cal 1 2010/16/03 17:02 4931 | 82854 96.5 | 5.776 | 34107 98.1 | 7.023 | 33447 104.3
ACN blank Blank 2010/16/03 17:17 4.924 268 7.031 2628
RSDL decon_GF_93MM11-1a QcC 1 2010/16/03 17:31 4933 | 82661 96.3 | 5.777 239 0.7 | 7.022 | 34401 107.3
RSDL decon_GF_93MM11-1b Qc 1 2010/16/03 17:46 4936 | 79185 92.3 7.026 | 34445 107.4
RSDL decon_GF_93MM11-1c Qc 1 2010/16/03 18:00 4932 | 81374 94.8 | 5.788 28 0.1 | 7.031 | 35064 109.4
RSDL decon_GF_93MM11-1d Qc 1 2010/16/03 18:15 4932 | 84794 98.8 7.027 | 33699 105.1
GF TEP TPP in ACN Cal 1 2010/16/03 18:30 4.940 | 87920 102.4 | 5.780 | 35513 102.1 | 7.024 | 32225 100.5
ACN blank Blank 2010/16/03 18:44 4.958 282 7.020 2109
ACN blank Blank 2010/16/03 21:09 4.929 405 7.020 890
GF TEP TPP in ACN Cal 1 2010/16/03 21:24 4933 | 85502 99.6 | 5.777 34692 99.7 | 7.019 | 31084 97.0
ACN blank Blank 2010/16/03 21:38 4.962 283 7.019 644
RSDL decon_GF_93MM11-1a QcC 1 2010/16/03 21:53 4929 | 81623 95.1 | 5.780 217 0.6 | 7.022 | 31936 99.6
RSDL decon_GF_93MM11-1b Qc 1 2010/16/03 22:08 4929 | 78733 91.7 7.022 | 31666 98.8
RSDL decon_GF_93MM11-1c Qc 1 2010/16/03 22:22 4930 | 80343 93.6 7.019 | 32207 100.5
RSDL decon_GF_93MM11-1d Qc 1 2010/16/03 22:37 4930 | 83079 96.8 7.009 | 31705 98.9
GF TEP TPP in ACN Cal 1 2010/16/03 22:51 4931 | 87051 1014 | 5.771 34806 100.1 | 7.019 | 31481 98.2
ACN blank Blank 2010/16/03 23:06 4.933 359 7.017 563

Table 1.7a —results of decon experiment performed with RSDL and GF after protocol optimization
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Table 1.7b provides suggested concentration ranges in the final diluted solutions from a decon

experiment. See section 1.8 for a discussion on matrix effects with decon solutions and

appropriate final concentrations for analysis.

lonization Mode

Compound / Solution

Concentration Range*

ESI+ TEP 0.05-0.2 ng/uL
TPP 0.01-0.1 ng/pL
GF 0.5-2 ng/uL
RSDL <0.002%
British Decon <0.01%

APCl+ TEP 0.75-5 ng/uL
TPP 0.3 -1 ng/uL
GF 5—30 ng/uL
RSDL <0.02%
British Decon <0.01%

* approximate concentration range in final diluted solution for LC-MS/MS analysis

Table 1.7b - concentration ranges for decon experiments

Table 1.7c shows concentrations and volumes that were used for a decon solution experiment

and the resulting concentrations in the final dilution. Note that the final GF concentration (in

red) was below lowest recommended concentration listed in table 1.7b. As such, either a more

concentrated solution of GF or a diluted solution of RSDL should have been used at the

beginning of the experiment. This would have allowed for less severe dilutions in order to

provide a higher concentration of GF in the final dilution for analysis, while still reducing the

RSDL concentration to a point where ion suppression does not occur.

Solution Solution Concentration Volume added Concentration in Experiment
RSDL 100% 100 pL 10%

GF 1064 ug/uL 850 pL 904 ng/uL

TPP 856 ug/uL 50 pL 43 ng/uL

Dilutions performed: 15 ul into 1000 uL,

twice

Concentration in Final

Solution Solution Concentration Volume added Dilution
RSDL - - 0.0023%
GF - - 0.2 ng/uL
TPP - - 0.01 ng/pL
TEP 9.2 ng/uL 10 pL 0.09 ng/uL

Table 1.7c — example concentrations and volumes for an RSDL experiment analysed by ESI
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1.8

Since the agent will most likely be deactivated by the decon solution, the precision (or error)
for the detection of the agent can be estimated from precision of TEP & TPP.

Recovery of TEP and TPP should be used to gauge the success of the decon experiment.
Acceptable recovery is estimated as 85% to 115%.

It should be noted that mixing of the decon and diluted solutions is critical to the success of the
decon experiment. The Gilson automated liquid handler does not perform adequate mixing for
all matrices, and therefore mixing by hand should be performed prior to any aliquot being
withdrawn from the vial. In addition, solutions should be visually checked after mixing to
ensure there is no phase separation or precipitation that could impact the final results.

Finally, it is recommended to run ACN and MeOH flushes of the system after a batch of decon
experiment samples has been analysed. These methods have been created and are included at
the end of the run in the worklist templates generated for this contract.

Measurement and compensation for any ion suppression/enhancement

Matrix effects are a well established phenomenon in ESI. Commonly, ions of target compounds
are suppressed if components from the sample matrix elute from the LC and enter the source
at the same time. Enhancement of target ion signal is also possible. In decon solution
experiments, it is very important to be sure that a reduction in recovery of a CWA is due to
deactivation by the decon solution and not ion suppression. Therefore much work was
performed to investigate and minimize ion suppression.

Tests were initially performed with the MPEG polymer used as the solvent in RSDL, and then
with actual RSDL. In order to perform ion suppression tests with an agent in RSDL, it was
necessary to deactivate or quench the active ingredient in RSDL. This was done by diluting
RSDL with 0.1% acetic acid. A dilution of 25 pL RSDL into 1.66 mL gave a final MPEG
concentration of 1.5%. This solution was shaken and very quickly went colourless, indicating
deactivation of the active ingredient. Full deactivation and/or adequate quenching through
dilution was proven by injecting solutions of agent and ISTD in dilutions of this deactivated
RSDL over several days, and the concentration of GF remained consistent (data not shown).

lon suppression testing was performed using “fast chromatography” where matrix and target
compounds co-eluted, as a worst case scenario. This was done by running isocratic LC with a
high %MeOH. lon suppression was also investigated using regular gradient chromatography as
a best case scenario.

Both ESI and APCI sources were used. APCI tends to be less sensitive than ESI to LC mobile
phase composition and also typically exhibits less matrix effects.
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The LC conditions used for final evaluations of ion suppression in deactivated RSDL are shown

in table 1.8a.

LC parameter

regular gradient

isocratic - fast chromatography

column

XDB-C18, 4.6x50mm, 1.8u

XDB-C18, 4.6x50mm, 1.8u

mobile phase

A =5 mM NH4Ac, B = MeOH

A =5 mM NH4Ac, B = MeOH

gradient

20% B for 0-1 min
20-100%B from 1-8 min
stop 11 min

70% B for 0-2 min
70-100%B from 2-2.1 min
stop 4 min

Table 1.8a — LC conditions for ion suppression tests

ESI does indeed show ion suppression for TEP and GF in RSDL. Figures 1.8a & b show the

decrease in TEP and GF signal when dissolved in dilutions of deactivated RSDL using regular

gradient chromatography and fast chromatography and ESI. Interestingly, there was less

suppression of TEP and GF in fast chromatography. TEP showed a higher degree of ion

suppression using gradient chromatography. As such, it would not function well as an actual

internal standard (i.e. using ratios of target to ISTD to calculate final concentrations). It would,

however, be a good model compound to indicate possible ion suppression in decon solutions.

Dilutions of RSDL to 0.0016% do not show ion suppression using regular gradient

chromatography.
140% . .
GF & TEP in deactivated RSDL - ESI
120% chromatography on XDB column
80% \.
\\ —o—TEP
60%
\ == GF-NH4
40% \
20%
0% : |
TEP&GFin  TEP&GFin TEP&GFin  TEP&GFin  TEP&GFin
ACN 0.00032% RSDL 0.0016% RSDL 0.008%RSDL  0.04%RSDL

Figure 1.8a — GF and TEP in deactivated RSDL using gradient chromatography and ESI
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ACN 0.00032%RSDL 0.0016%RSDL 0.008%RSDL  0.04%RSDL

—o—TEP
—8—GF-NH4

Figure 1.8b — GF and TEP in deactivated RSDL using fast chromatography and ESI

As expected, APCl shows fewer matrix effects than ESI. Figures 1.8c & d show TEP and GF
signal when dissolved in dilutions of deactivated RSDL using regular gradient chromatography
and fast chromatography and APCI. The signal remained relatively consistent regardless of the

concentration of deactivated RSDL matrix present.

1140%

GF & TEP in deactivated RSDL - APCI

chromatography on XDB column
120% Erapny

100% .:/.A

80%

60%

40%

20%

O% T T

GF & TEP in GF & TEP in GF & TEP in GF & TEP in GF & TEP in
ACN 0.00032% RSDL 0.0016% RSDL  0.008% RSDL 0.04% RSDL

=—g=—TEP
== GF-NH4

Figure 1.8c — GF and TEP in deactivated RSDL using gradient chromatography and APCI
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GF & TEP in deactivated RSDL - APCI

120% fast chromatography

—
?A )
100%

T~

80%

—4—TEP

60%
—B—GF-NH4

40%

20%

0%

GF&TEP in ACN  GF&TEP in GF & TEP in GF & TEP in GF & TEP in
0.00032%RSDL 0.0016%RSDL  0.008% RSDL 0.04%RSDL

Figure 1.8d — GF and TEP in deactivated RSDL using fast chromatography and APCI

Despite the fact that APCI shows less matrix effects, the final recommendation for the MRM
method is to use ESI and dilute the decon solution matrix to the point where no ion
suppression is observed. There are several reasons for this decision:

e ESlis more precise than APCI (see section 1.11).

e With ESI being more sensitive than APCI, the decon solutions can be diluted to the
appropriate level and target compounds still detected.

e Higher levels of dilutions required for ESI will increase the opportunity for quenching of
the active ingredients in the decon solution.

e Higher levels of dilutions required for ESI will keep the LC-MS system much cleaner in
the long run, resulting in more reliable data and increased instrument up-time.

The only occasion that would warrant using APCI is when high levels of a decon formulation
must be run, i.e. significant dilution to levels where ESI works well is not possible. In this case,
APCI can be used, however, each vial should be run in replicates of three injections due to the
reduced precision.

Matrix effects were also determined for British Decon which incorporates F54. Potential ion
suppression of GF and TEP in F54 matrix was investigated in ESI and APCI using fast and regular
gradient chromatography. Only gradient chromatography results are shown. The actual British
Decon solution includes F54 plus the active ingredient which contains sodium, which may
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interfere with the ammonium adduct formation for the G agents. Therefore, a solution
mimicking the British Decon solution was prepared with a compound similar to the active. This
mimic solution contained an equi-molar amount of sodium, but no active decontaminant.

The results show that the F54 matrix itself does not cause ion suppression for GF and TEP.
Figure 1.8e shows results for TEP and GF in F54 using gradient chromatography and ESI. At the
highest concentration of F54 (0.2%), there may be a small amount of ion enhancement, but
certainly no ion suppression.

140% _
TEP & GF in F54 - ESI
chromatography on SB-C18 column
120% sraphy }
100%

80%

——TEP
—B—GF-NH4

60%

40%

20%

0% T T T 1

GF & TEP Std  0.002%F54+ 0.02%F54+ GF GF&TEPStd 0.2%F54+ GF
GF & TEP & TEP - remake & TEP

Figure 1.8e — TEP and GF in F54 dilutions by ESI

Figures 1.8f & g show that the addition of the sodium in the mimic solution has a significant ion
suppression effect in both ESI and APCI. The signal for GF in the 0.2% F54 mimic solution drops
to zero, while the signal for GF in the same level of F54 without sodium is unaffected. This
supports the theory that increased sodium in the decon solution is creating sodium adducts for
GF, thereby reducing the signal for the NH4 adduct. TEP is unaffected by the addition of
sodium as it does not tend to form adducts as easily.
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TEP & GF in F54 and F54 mimic - ESI

140 chromatography on SB-C18 column
120 A
100 - \\
50 \ ——TEP
60 —8—GF-NH4

) \
; \

0 N

GF & TEP Std 0.2%F54+ GF & 0.02% F54 mimic 0.2% F54 mimic +
TEP +GF & TEP GF & TEP

Figure 1.8f — TEP and GF in F54 and F54 mimic dilutions by ESI

160%

TEP & GF in F54 and F54 mimic - APCI

chromatography on SB-C18 column
100% /\
\/A \
80%
\ —e—TEP
60% \ —8—GF-NH4
40% \
20%
0% T T T T \ 1

GF & TEP Std  0.02%F54+ 0.2%F54+GF 0.02%F54 0.2%F54
GF & TEP & TEP mimic+ GF & mimic+GF &
TEP TEP

140%

Figure 1.8g — TEP and GF in F54 and F54 mimic dilutions by APCI
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1.9

Adding a higher concentration of NH4Ac in the mobile phase decreased the amount of ion
suppression for GF in the F54 mimic solution (data not shown). The drawback of this approach
is that the overall sensitivity in ESI drops significantly with increased NH4Ac concentration (see
section 1.6).

Therefore, it is very important to properly dilute the British Decon (F54 with Na containing
active ingredient) solutions to avoid ion suppression. In this case, unlike RSDL, TEP will not be a
good indicator of ion suppression and therefore proper dilution is critical.

The recommended final concentration of British Decon (i.e. in the final dilution used for
analysis) is 0.01%.

Determine the linearity of the CWA calibration and IDLs

Linearity was determined using ESI and APCI for GF, and using ESI for TEP and TPP. The
calibration plots indicate that response is linear with R? values of 0.99 or better. The origin was
ignored, and a weighting of 1/x was used to better fit to the low concentration standards. In
some cases (GF using APCl and TPP using ESI), a quadratic fit produced a better calibration
curve. Table 1.9a indicates the range of amounts injected on column, R*values and fit method.

Compound lonization Amount Injected R? Fit Method
Mode (ng on-column)
GF APCI 0.001-3 0.9994 quadratic
0.9992 linear
ESI 0.9996 linear
TEP ESI 0.0005-1.5 0.9999 linear
TPP ESI 0.0006 -2 0.9999 guadratic
0.9940 linear

Table 1.9a - linearity for GF, TEP and TPP

Graphic representations of typical calibrations curves are shown in figures 1.9a —f .

Page 37 of 64




GF M+NH4 - 6 Levels. 6 Levels Used. 6 Paints. B Points Used, 0 OCs

w109 | p=129481.2327 "« + 2461318
£ 44 R"2=093959738

Respan:

384
3B

] GF linearity - ESI
0.001 - 3 ng on column

34
26
25
244
224

2
164
16
1.4
1.2

14
0.6
0.6
0.4
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Figure 1.9a - linear fit for GF by ESI

GF_MH4 - & Levels, B Levels Used. & Points. B Paints Used, 0 GOCs
B w1047 p=12606.3537 "« + 33415
| R"2=0.99919705

] GF linearity - APCI
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Figure 1.9b - linear fit for GF by APCI
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Figure 1.9c — quadratic fit for GF by APCI
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Figure 1.9d - linear fit for TEP by ESI
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Figure 1.9e - linear fit for TPP by ESI
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=] TPP linearity - ESI
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Figure 1.9f — quadratic fit for TPP by ESI

The Instrument Detection Limit (IDL) was determined for GF by ESI and APCI. The absolute
signal in APCl is less than that for ESI.  While the quantifying transition can be seen down to
0.001 ng on column in ESI, and 0.005 ng on column by APCI, the IDL must take into account the
signal of the qualifying transition. As such, the estimated on column IDL for GF is 0.008 ng by
ESI and 0.023 ng by APCI. Figures 1.9g & h show the [M+NH4]+ (top) and [M+H]+ (bottom)

MRM traces for GF by ESI and APCl at 0.023 ng injected on column.
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Figure 1.9g — 0.023 ng GF on column by ESI
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Figure 1.9h — 0.023 ng GF on column by APCI
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It is interesting to note that the alkyl phosphate compounds show higher sensitivity than the
CWA GF. Also, sensitivity increases as the length of the alkyl group increases, i.e. TEP < TPP <
TBP. While IDLs are not strictly required for ISTDs, the estimated IDL by ESI is 0.0003 ng (or 0.3
pg) for TEP and 0.0002 ng (or 0.2 pg) for TPP. Figures 1.9i and j show TEP and TPP at 0.13 pg
injected, as well as solvent blank. Note that the phosphate compounds show some carry over
and are therefore present in blank injections. As such, the IDLs for TEP and TPP are blank
limited (e.g. approximately 3x the level in the blank).

%101 +ESI MRM Frag=70.00v CIDE™ [183.1 -» 99.0) TEP TPP 0.000128 ng.d

" TEP
| 0.00013 ng
i

5.5

i

5.5

5
#1071 +ES5I MRM Frag=70.00 CIDE™ (1831 -» 33.0) ACN blank_01.d

8.54
Blank

4937
.5 e

15 2 25 % 35 4 45 5 55 & 65 7 75 & 85 8 95 10 105 11 115
Counts ws. Acquisition Time [mir)

Figure 1.9i — 0.00013 ng TEP on column by ESI
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1.10

w102 +ESI MAM Frag=h8.00 CIDE™ [2251 -» 99.0) TEP TPP 0.000128 ng.d
3?;_ ?13123
35 ] TPP
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2754
25
2.254
2_
1.754
1.5+
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14
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w102 +ES| MAM Frag=ha.0v CID&E™ [225.7 -» 99.0] ACH blank_01.d
44
3.75
354
ey Blank
3_
2754
254
2.25
2_
1.75
1.5+
1.25
14
0.75

15 2 25 3 35 4 45 & &5 E G5 ¢ 75 & 45 9 495 10 105 11 115
Counts vz, Acquisition Time [min]

Figure 1.9j — 0.00013 ng TPP on column by ESI

Measurement of carryover

Carryover was measured in the final MRM method by injecting a high concentration standard
followed by a solvent (ACN) blank. Results for GF, TEP, TPP and TBP are shown in figures 1.10a
—d.

GF did not show any detectable carry over. The alkyl phosphates show some carry over, and
the amount increases as the alkyl chain increases (i.e. TEP < TPP < TBP). The amount of carry
over for TEP and TPP were less than 1%, which is an acceptable level for the requirements of
the decon experiments.

Carry over reduction functions available in MassHunter software were used in an attempt to
reduce the level of carry over for TBP. A slight reduction was noted, however the level of carry
over for TBP remained over 1% which is higher than desired. For this reason, and the fact that
TBP elutes much later than the CWAs tested, TBP was not chosen as a suitable ISTD or
surrogate compound.
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Figure 1.10a — GF carry over
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Figure 1.10b — TEP carry over
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Figure 1.10c — TPP carry over
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Figure 1.10d — TBP carry over, with and without carry over reduction
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1.11 Measurement of instrument precision

The instrument precision was measured in both ESI and APCI. Tables 1.11a & b show the
results of testing. ESI is more precise than APCI, with %RSDs of approximately 1% or less and

5%, respectively.

Name Acq. Date-Time TEP Area GF-NH4 Area
GF & TEP Std 2010/1/12 17:11 54266 23248
GF & TEP Std 2010/1/12 17:25 54343 22844
GF & TEP Std 2010/1/12 17:38 54955 22845
GF & TEP Std 2010/1/12 17:51 54686 22897
GF & TEP Std 2010/1/12 18:05 54587 22689
GF & TEP Std 2010/1/12 18:18 54733 22513
GF & TEP Std 2010/1/12 18:32 54840 22611
GF & TEP Std 2010/1/12 18:45 54419 22563
average 54603.6 22776.2
std dev 244.9 237.9
%RSD 0.4% 1.0%

Table 1.11a - replicate injections of the same vial of TEP & GF in ACN by ESI

Name Acq. Date-Time TEP Area GF-NH4 Area
TEP & GF in AcCN 2010/3/8 17:24 7184 3281
TEP & GF in AcCN 2010/3/8 17:36 7036 3272
TEP & GF in AcCN 2010/3/8 17:48 7246 3331
TEP & GF in AcCN 2010/3/8 18:00 7282 3479
TEP & GF in AcCN 2010/3/8 18:12 7624 3578
TEP & GF in AcCN 2010/3/8 18:24 8033 3703
TEP & GF in AcCN 2010/3/8 18:36 7600 3585
TEP & GF in AcCN 2010/3/8 18:48 7634 3867
TEP & GF in AcCN 2010/3/8 19:00 7989 3641
TEP & GF in AcCN 2010/3/8 19:12 7901 3622
average 7552.9 3535.7
std dev 353.8 194.2
%RSD 4.7% 5.5%

Table 1.11b - replicate injections of the same vial of TEP & GF in ACN by APCI

Different LC flow-rates were tested (0.3 and 1 mL/min) with APCl in an attempt to improve the
sensitivity and precision with APCI, however the results were similar between both flow-rates
(data not shown).
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1.12 Determination of sample recovery

Recovery usually refers to the amount of target compound remaining after some sample

preparation steps are performed, for example, extraction, cleanup steps, concentration, etc.

The method developed in this contract involves limited sample preparation steps as the only

step is dilution. Itis still useful, however, to ensure that the level of target compound being

spiked into the decon solutions is quantitatively “recovered” when analysis of the dilutions is

performed.

Recovery of CWA and alkyl phosphates in decon experiments were determined by preparing

solutions in solvent (ACN) at the same concentration as used for the decon solutions. These
were then used as the 100% calibrator for the MRM analysis of the compounds in decon

solutions, calculated using ESTD.

At the appropriate levels of dilution where no ion suppression is found, GF and TEP were

guantitatively recovered.

A decon experiment was performed using GF in RSDL, spiking TPP at the time of sample

preparation (surrogate) and TEP into the final dilution vial just prior to instrumental analysis

(similar to an ISTD). Samples of the decon solution were withdrawn at various times to trace

effectiveness of the decon solution. The results of this experiment were calculated using ESTD
and are shown in table 1.12a. The results indicate that RSDL was effective in deactivating GF as
GF was only detected in the first sample, and then only at 0.6%. TEP and TPP recoveries
averaged 94 and 99%, respectively, and ranged between 91.7 — 100.5%.

Table 1.12a - recovery of GF, TEP and TPP in an RSDL decon experiment

Sample TEP Results GF-NH4 Results TPP Results
Name Area Recovery Area Recovery Area Recovery

RSDL decon_GF_93MM11-1a 81623 95.1% 217 0.6% | 31936 99.6%
RSDL decon_GF_93MM11-1b 78733 91.7% 31666 98.8%
RSDL decon_GF_93MM11-1c 80343 93.6% 32207 100.5%
RSDL decon_GF_93MM11-1d 83079 96.8% 31705 98.9%
average 94.3% 0.6% 99.4%

min 91.7% 0.6% 98.8%

max 96.8% 0.6% 100.5%

When deactivated RSDL was used as the decon solution, the agent GF was also quantitatively

recovered (98.9 — 105.2%) in dilutions where there was no ion suppression.
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1.13

1.14

Measurement of precision for sample replicates

To estimate precision (repeatability), solutions generated in a decon experiment using RSDL
with GF, TEP and TPP (as described in 1.12) were analysed by LC-ESI-QQQ and then analysis for
the entire batch was repeated on the same day. The peak areas for the three compounds in
solvent as well as decon solutions are presented in table 1.13a. The values for %RSD
(precision) can be considered worse case as they include standards and diluted decon
solutions. The results show that retention times were very reproducible, with %RSDs between
0.07 and 0.09%. Precision for TEP, GF and TPP response ranged between 1.7 and 4.1%.

Sample TEP Results GF-NH4 Results TPP Results

Name RT Resp. RT Resp. RT Resp.
GF TEP TPP in ACN 4931 82854 5.776 34107 7.023 33447
RSDL decon_GF_93MM11-1a 4.933 82661 5.777 7.022 34401
RSDL decon_GF_93MM11-1b 4.936 79185 7.026 34445
RSDL decon_GF_93MM11-1c 4.932 81374 5.788 7.031 35064
RSDL decon_GF_93MM11-1d 4.932 84794 7.027 33699
GF TEP TPP in ACN 4.940 87920 5.780 35513 7.024 32225
GF TEP TPP in ACN 4.933 85502 5.777 34692 7.019 31084
RSDL decon_GF_93MM11-1a 4.929 81623 5.780 7.022 31936
RSDL decon_GF_93MM11-1b 4.929 78733 7.022 31666
RSDL decon_GF_93MM11-1c 4.930 80343 7.019 32207
RSDL decon_GF_93MM11-1d 4.930 83079 7.009 31705
GF TEP TPP in ACN 4931 87051 5.771 34806 7.019 31481
n 12 12 7 4 12 12
average  4.932 82926 5.778 34779 7.022 32780
std dev  0.0033 2932 0.0052 577 0.0054 1356
%RSD  0.07% 3.54% 0.09% 1.66% 0.08% 4.14%

Table 1.13a - single day precision for TEP, GF and TPP

Measurement of day-to-day precision

To estimate day-to-day precision (reproducibility), a solution of TEP and GF in 0.0016%
deactivated RSDL was analysed on three different days and the absolute areas were compared.
This represents a worst case estimate of precision, as these are raw area counts, not a
calculated amount as compared to a standard analysed on the same day. What’s more, two
different columns* were used between these two days. The results, shown in table 1.14a,
indicate that the day-to-day precision for TEP and GF was 8% and 11%, respectively.

* columns used:
e March 10 & 11 - Eclipse XDB-C18 column (4.6x50mm, 1.8y, 0.5 mL/min)
e March 15 - SB-C18 column (2.1x50mm, 1.8y, 0.3 mL/min)
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The GF to TEP ratio, also shown in table 1.14a, is more precise, indicating that should it be
required, TEP could be used as an internal standard to help compensate for injection-to-

injection and day-to-day differences.

Table 1.14a — day-to-day precision for TEG and GF in deactivated RSDL dilution

TEP GF-NH4 GF-NH4 / TEP

Name Acq. Date-Time Area Area ratio
TEP & GF in 0.0016% RSDL 2010/03/10 10:58 529242 185028 0.350
TEP & GF in 0.0016% RSDL 2010/03/11 16:43 451548 149433 0.331
TEP & GF in 0.0016% RSDL 2010/03/15 9:44 528904 188379 0.356
TEP & GF in 0.0016% RSDL 2010/03/15 14:45 541409 192860 0.356
average 512776 178925 0.348
standard deviation 41231 19921 0.012
%RSD 8.04% 11.13% 3.43%

This degree of reproducibility shows that the method is suitable for decon solution

experiments.

1.15 Measurement of accuracy

For the purposes of decon experiments, accuracy has the same meaning as recovery. See
section 1.12 for the results of recovery.

1.16 Adaption of the method for the 6130 MS single quad where possible

As can be seen in the discussion of ion suppression in section 1.8, decon experiment solutions

must be diluted significantly before analyzing by a “dilute-and-shoot” procedure on LC-MS.

Since the ion suppression observed is an ion source phenomenon, and the 6130 single quad
MS uses the same or similar source designs, the same degree of ion suppression can be
expected to be seen on that instrument. The 6130, however, is much less sensitive and specific
than the 6460 triple quad MS. It is doubtful, therefore, that at the levels of dilution required to
eliminate ion suppression, the 6130 single quad would be able to detect CWAs at levels
required to follow their deactivation by a decon solution. This was discussed with the Scientific
Authority, and given the probable lack of success, it was decided not to pursue this task.

1.17 Preparation of templates for work lists, methods and reports for Agilent
MassHunter and ChemStation software

No templates for ChemStation were created as it was decided not to proceed with work on the

6130 single quad, which uses ChemStation.

Templates were prepared for MassHunter work lists, methods and batch table layouts for

reporting. Electronic versions were left on the 6460 workstation, as shown in figures 1.17a — d.
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Acquisition methods were created for the agents GD and GF by ESI and APCI. All methods
contain MRM transitions for TEP and TPP which can be used as surrogates / internal standards.
System flush methods for both ESI and APCI were also created. Hardcopies of the acquisition
methods are provided in Annex 1.

8 D:\MassHunter\MethodsMDecon Experiments

File  Edit  View Favorites Tools  Help

@Back = d ﬁ ) Search |

: Folders. '

Addree |3 Daim,

Folders

= ) Methods

= L) Decon Experiments
|C5) AJS-ESI_GD TEP TPP_M
) AJS-ESI_GF TEP TRP_M
|5} AJS-ESI_GF TEP TRP_M
(5 APCI_GF TEP TPP_MRM
I Flush col 2,1 SB_ACH_E:
I Flushcol 2.1 SB_MeQH_
I Flush col 4.6 XDB_ACN_
|5 flush col 4.6 XDE_ACH_
1) Fhush col 4.6 XDE_MeOk
I Flush col 4.6 XDE_MeOR
I3 flush EST AJS source_ac
| swsterm_suitability_3 ph

thods | Decon Experiments

anme

| |Z1AI5-ESL_GD TER TPP_MRM_SB-C18_100318.m

.:]AJS-ESI_GF TEP TPP_MRM_SE-C158_1003158.m
iﬂAJS-ESI_GF TEP TPP_MRM_XE-C18_1003158.m
{ZJAPCI_GF TEP TPP_MRM_XB-C18_100318.m
iﬂflush col 2,1 SB_ACM_ESI_100318.m

fﬁflush col 2,1 SB_MeCH_ESI_100315.m

) flush col 4.6 XDE_ACH_APCI_100318.m

| flushi cal 4.6 ¥DE_ACN_ESI_100318.m
[iflush cal 4.6 ¥DE_MeOH_APCI_100318.m
|iflush cal 4.6 ¥DE_MeOH_ESI_100318.m

) flush EST 435 source_ACH.m
I3system_suitability_3 phosphates_SB-C18.m

Figure 1.17a — acquisition methods in D:\MassHunter\Methods\!Decon Experiments folder

Various methods for use in Qualitative Analysis were created and are available to assist with
visually processing data from full scan or MRM runs (Figure 1.17b)

8% D:\MassHunter\Methods\Qual

File  Edit View Favorites Tools  Help

@Back - J ﬁ' /._" Search ||'t Foldersl x n '
i | == |

addres| ) Dr\MassHurter\Methods|Qual ) :

Folders i | Narme

Size. Type
ug Deskkop ~ [ C3Qual_DaD.m File Folder
D My Documents F (CQual_MRrr_all.m File Folder
_‘l My Computer {CQual_Scan.m File Folder
S PROGRAMS (22 i) Qual_scan_TEP.m File Folder
DATA (D:) |3 Qual_¥L5_contamEIC_Scan.m File Faolder

1) disk b
|Z) Documents on use of 6460
:j instruction notes

] MassHunker

& 25 appstore

Figure 1.17b — qualitative analysis methods in D:\MassHunter\Methods\Qual folder

Various methods for processing batches of samples in Quantitative Analysis were created
(Figure 1.17c). There are methods available for using ESTD and ISTD with one or five

calibration levels.
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8% D:\MassHunter\Methods\Quant

File Edit ‘Wiew Favorites Tools  Help
@Back - ? p. ) search ||

[n:\MassHunkeriMethods) Quant
x

Folders. | x m '

Falders
(& Deskian f

# [} My Documents
] _é My Cornputer

< PROGRAMS (C:)

Mame
@ GF & TPP with TEP ESTD at 1 level.quantmethod, xml
GF & TPP with TEP ISTD at 1 level.quantmethod, sl
GF with TEP ESTD at 1 level.quantmethod TEP anly. sml
GF with TEP ESTD at 1 level.quantmethod. xml
GF with TEP ESTD at 5 levels.quantmethod. xml
] GF with TEP ISTD at 1 level, quantmethod.xml
GF with TEP ISTD at 5 levels.quantmethod. xml
{2 GF with TEP ISTD at 6 levels, 090903 quantmethod., xrml

|—) Documents on use of G460
) instruction notes
= [ ) MassHunter

& |5 appstore

S Dmnbrcf

Figure 1.17c — quantitative analysis methods in D:\MassHunter\Methods\Quant folder

A column layout for Quantitative Analysis was created and stored. This layout shows certain
columns (see figure 1.17e) in a multi-compound layout that is useful for reporting results from
decon experiments. The most effective way to create a report from decon experiments is to
choose this column layout, and then export the file to Excel where other calculations may then
be performed.

Q) Back -

'_"l [ {MassHunkeriLayoutsiQuant

) search -|.
| "=

Folders. B |3 x m '

Folders = Mame
[# See PROGRAMS (1) A @multi-compound_decon exp results, quantcolumns, xml
2 e DATA (D0)
B (T disk b

) Documents on use of 6460
) instruction notes

= | ) MassHunter

# 27 appstare

Figure 1.17d — quantitative analysis layout in D:\MassHunter\Layouts\Quant folder

i Batch Table
Sample: ) | Sample Type: <Al » | Compound: [&2] 1: GF-MH4 ¥ [=] ISTD: TEP | Time Seqment: =all:
Sample GF-NH4 Results TPP Results
® b Mame Type Lewvel Acq. Date-Time RT Fiesp. | Final Conec. | Accuracy | RT Resp. | Final Conc.  Accuracy
» ¥ | ACH blank Blark 341672010 4:48 PM 5.800 15 0.0303 F.041 B339 0.5881
GF TEP TPP in ACH Cal 1 341642010 5:02 PM 5.776) 34107 02275 1016 7.023) 33447 00119 108.0
ALH blank Blark. 3NE6/20M0 517 PM 7031 2628 0.2882
¥ | RSDL decon GF_93M11-1a | QC 1 31642010 5:31 PM 5.777 233 0.00E g 7022 34401 0.mz22 1113
= 1) RSOL decon GF_93MM11-16. | GC 1 341642010 5:46 PM : 34445 0.0128 116.4
¥ | RSDL decon GF_93mMM11-1c_ | OC 1 341642010 £:00 P 5.788 28 0.0002 IR 7.031 35064 0.mz27 115.3
9 RSDL decon_GF_93mMM111d_ | GC 1 341642010 B:15 PM 7027 336599 00117 106.3
GF TEP TPP in ACH Cal 1 3/16/2010 6:30 PM 5.780) 35513 02232 99.7| 7024 32225 0.0108 98.0
¥ | ACN blank Blark 3/16/2010 6:44 PM F.0z20 2109 0.2201
ALCH blank Blark 3/16/2010 3:.09 PM F.020 830 0.0647
GF TEP TPP in &CH Cal 1 341642010 3:24 PM 5777 34692 0.2243 1000 709] 3084 0.0107 97.2
¥ | ACH blank Blark 341642010 3:38 PM 7ma B44 0.0670
¥ | RSDL decon GF_93MM11-1a | QC 1 341642010 353 PM 5.780 217 0.001 5m 7022) 31936 00115 104.7
1) RSOL decon GF_93MM11-16. | GC 1 341642010 10:08 PM 7.022]  316EE 0.0118 107.6
] RSDL decon_GF_S93mMM11-1c_ | OC 1 341642010 10:22 PM 7019|3207 0.0118 107.2
9 RSDL decon_GF_93mMM111d_ | GC 1 341642010 10:37 PM 7.009) 3708 00112 1021
GF TEP TPP in ACH Cal 1 341642010 10:51 PM 5.771] 34808 0.2210 98.7| 7019|348 0.0108 96.7
¥ | ACN blank Blarik 3/16/2010 11:06 PM Ak 563 0.0461

Figure 1.17e — quantitative analysis layout for multiple compounds, ready for export to Excel
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1.18

1.19

Two work list templates were created, one for ESI and one for APCI. They are designed for
analyzing the diluted solutions from a decon experiment, and they incorporate system flush
methods at the end of the runs to clean out the system and prepare it for the next batch of
sample analyses. Hardcopies of these worklists are presented in Annex 2. In order to use the
worklists, the analyst should make changes to the Worklist Run Parameters to set the proper
data path. Also, the Sample Positions and Data File names must be changed to reflect the
current run. Setting the agent in solvent (100% standard) as Calibration sample type and the
decon experiment solutions as QC sample type provides MassHunter Quantitative Analysis
with the information to effectively process the batch. Details of processing a batch of samples
are provided in a document, “Steps to processing samples - 6460 MassHunter.doc.” A
hardcopy of this document is provided in Annex 3.

Results from analysis of decon experiments can be calculated using ESTD or ISTD mode. Itis
recommended that ESTD be used, as this approach allows absolute tracking of recovery of
surrogate compounds added at different stages of the decon experiment sample preparation
and general ease of data interpretation.

Method write-up

A spreadsheet, “Decon Experiment Design - establish dilutions.xls,” was developed to assist the
analyst in determining the volumes required for performing the decon experiment and making
appropriate dilutions for analysis on the 6460 LC-MS/MS system. A hardcopy of the printout is
presented in Annex 4.

All methods for running the 6460 system are on the workstation and have been described in
section 1.17.

Finally, the “Steps to processing samples - 6460 MassHunter.doc.” document will assist the
user in processing the batch of samples on the 6460 instrument.

These documents constitute the write-up of the method.

A draft report of the method validation suitable for submission to a peer reviewed
journal

A draft manuscript of the analytical method suitable for publication was prepared. The
recommended journal for publication is Journal of Chromatography A. A detailed guide for
authors is located at:

http://www.elsevier.com/wps/find/journaldescription.cws home/502688/authorinstructions

The draft manuscript can be fully populated with details from this final report. A hardcopy of
the draft manuscript is provided in Annex 5.
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Objective 2

2.1

2.2

2.3

Review screening procedures currently in place at DRDC Suffield

Meetings with the scientific authority were held to understand the process in place to conduct
decon experiments.

Develop and write-up of a generic protocol, including chromatographic separation
techniques for the components of interest; measurement and compensation
techniques for any ion suppression/enhancement; selection of an appropriate
internal standard; measurement of carryover, instrument precision and accuracy

The final LC-QQQ method developed has been shown to be applicable for both RSDL and F54
decon formulations. The recommended method is to use the Zorbax SB-C18 column
(2.1x50mm, 1.8u) and ESI. The Zorbax Eclipse XDB-C18 (4.6x50mm, 1.81) column can be used
with ESI as a backup, or with APCI.

Generic protocols for use with decon formulations and CWAs were developed based on the
findings of all aspects of this project.

The generic protocol for performing decon experiments with a decon formulations and CWAs
not previously studied are presented in Annexes 6 and 7, respectively.

Testing of the generic protocol using one CW agent and one decontamination matrix
on the 6460 QQQ

Testing of the decon experiment protocol and analytical method developed showed erratic
results for TEP. Samples were processed using the Gilson automated liquid handler to
minimize handling of potentially hazardous materials by the analyst. The results of this
experiment, shown in table 2.3a, were not as expected. TEP results (area and recovery values)
were variable, indicating problems with either the decon experiment design, the actual sample
processing or instrumental analysis.
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Sample TEP GF-NH4
Name Area Recovery Area Recovery

AcCN Blank 250 442

GF wTEP Std 1 222730 16779

GF wWTEP Std 2 228032 33422

GF wWTEP Std 3 243067 66583

GF wTEP Std 4 259294 131342

GF wTEP Std 5 229769 255098

AcCN Blank 256 462

British Decon 94MM191-1C 101541 54% 25 0%
British Decon 94MM191-1D 73227 39% 28 0%
British Decon 94MM191-1E 72159 38%

British Decon 94MM191-1F 152162 81%

British Decon 94MM191-1G 205320 109% 41

GF wWTEP Std 4 259000 0% 129634 0%
AcCN Blank 260 0% 416 0%
GF in AcCN —100% 94MM193-1C 188269 100% 155942 100%
F54 in AcCN 94MM193-2C 105945 56% 132492 85%
F54 in tap H20 94MM193-3C 139527 74% 132848 85%
Brit Decon mimic H20 94MM195-1C 82255 44% 54075 35%
GF wTEP Std 4 257461 0% 127497 0%
GF wTEP Std 5 226131 0% 252309 0%
AcCN Blank 220 0% 457 0%
GF in AcCN —100% 94MM193-1C 191323 102% 157993 101%

Table 2.3a —initial decon experiment showing variable TEP results

Various approaches were used to check the instrumental method to be sure that it was not the
source of the problem. Analysis of further dilutions of the decon samples showed the same
pattern of results, which indicated that ion suppression in the ESI source was not the cause of
the problem (data not shown).

Problems were eventually traced to physical non-homogeneity within the decon sample vial.
The solutions made with F54 resulted in two phases, and the Gilson unit was not providing
adequate mixing during the experimen