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rINTRODUCTION

Increased public concern regarding the use of chemical warfare has
highlighted the need for a rapid, sensitive method for the detection
and identification of the presence of chemical warfare agents.
Although more than 160 countries have signed the Chemical
Weapons Convention (CWC), which prohibits the development,
production, stockpiling, and use of chemical weapons by the mili-
tary', there is a serious threat of their use in a terrorist attack or by

countries that did not participate in the CWC.

Nerve agents are organophosphate-type compounds. The first class
of nerve agents, the G-Series, were synthesized in Germany during
World War Il. The G-series consists of GA (Tabun), GB (Sarin), GD
(Soman), and GF (Cyclosarin)?. Sarin gained notoriety in 1995
because of its use in the Tokyo underground terrorist attack®. The
second more toxic series of nerve agents, the V-series, consists of
VX, developed in the UK in the 1950s, and R-VX (Russian VX).

All nerve agents are extremely toxic, even in small amounts. One
milligram of VX on the skin can be fatal. The mode of action of
nerve agents in the body is to inhibit cholinesterase enzymes,
causing the accumulation of acetylcholine: resulting in prolonged
stimulation and paralysis of muscles®. In the body and in the
environment, nerve agents metabolize/degrade rapidly to form
the corresponding Alkyl Methyl/Phosphonic Acid (AMPA). Figure 1
shows the nerve agents and their degradation products.
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Figure 1. Nerve agents and corresponding degradation products (AMPAs).

Figure 2. ACQUITY TQD System.

A common antidote, atropine, is effective for both the G- and
V-series nerve agents. Following exposure and the onset of
symptoms, the antidote needs to be administered rapidly?.
However, since the breakdown products are unique for each of the
nerve agents, the analysis of plasma or urine samples of exposed
individuals is helpful in identifying both the exposure agent and the

degree of exposure.

The analysis of environmental samples is relevant following sus-
pected battlefield or terrorist use and in support of CWC monitoring
for peacekeeping operations. The need for test methodology for
saltwater samples can also become necessary as ocean dumping

of steel containers containing nerve agents was common in various
parts of the world until the 1970s. The leakage of nerve agents into

the ocean and the effect on the ecosystem is currently unknown?.

A fast, easy analytical method for the AMPAs of the nerve agents, VX,
GB, R-VX, GF, and GD, is presented here. This method is suitable for the
analysis of biological and environmental samples, following appropriate
sample preparation, without the need for derivatization. The analysis
of these compounds is typically performed by HPLC/MS/MS or

GC/MS with analysis times of more than 20 minutes®®. Five nerve-
agent degradation products were analyzed using UPLC®/MS/MS with
the Waters® ACQUITY UPLC® TQD System (Figure 2) in less than

1.8 minutes; the total cycle time was four minutes.



" HYDROPHILIC INTERACTION CHROMATOGRAPHY
(HILIC)

The AMPAs are low molecular weight, polar compounds that are
difficult to retain on conventional reverse phase (RP) HPLC columns.
Also, the retention of highly polar analytes by RP chromatography
often requires a non-volatile, highly aqueous mobile phase, which

is not ideal for electrospray MS. HILIC is a variation of normal-
phase chromatography with polar stationary-phase columns and
high organic-content mobile phases. The main advantage over
conventional normal-phase chromatography is the use of solvents
which are miscible in water. HILIC is ideal for the direct analysis of
plasma samples prepared by protein precipitation or environmental
samples prepared by SPE. Both produce highly organic eluents which
are compatible with the highly organic-gradient starting conditions:
which eliminates the need for time-consuming evaporation and

reconstitution steps’.

rEXPERIMENTAL

Standards of the following alkyl methyl phosphonic acids were
obtained from Cerilliant Corporation: pinacolyl methyl phosphonic
acid, isobutyl methyl phosphonic acid, cyclohexyl methyl phosphonic
acid, and isppropyl methyl phosphonic acid. Ethyl methyl phosphonic

acid was purchased from Sigma Aldrich.

UPLC conditions
LC system: Waters ACQUITY UPLC
Column: Waters ACQUITY UPLC BEH HILIC

2.1 x 100 mm, 1.7 pm

(miny | (mb/mimy | (%) (%) | Curve
0 0.7 97 3 6
2 0.7 97 3 6
3 0.7 60 40 6
3.1 0.7 97 3 1

Table 1. Gradient conditions used for AMPA analysTs.

MS conditions

Waters ACQUITY® TQD
lonization mode: ~ ES-

Capillary voltage: 3.6 kV

Source temp: 150 °C

Desolvation temp: 400 °C

800 L/hr

50 L/hr

Argon at 3.2 x 10-3 mBar
Acquisition mode: MRM

MS system:

Desolvation gas:
Cone gas:

Collision gas:

Two Multiple Reaction Monitoring (MRM) transitions were obtained

for each of the five metabolites. The optimum cone voltage was found
for each compound and the collision energy was optimized for each of
the product ions. The MRM transitions are listed in Table 2 along with

their respective optimized cone voltages and collision energies.

. MRM Cone Voltage Collision
Metabolite Transition w) Energy (eV)

123.1 > 95 12

EMPA 28
123.1 > 79 20
137.1 > 95 14

IMPA 30
137.1 > 79 21
151.1 > 95 13

iBUMPA 37
151.1 > 77 20
177.1 > 95 16

CMPA 35
177.1 > 79 31
179.1 > 95 16

PMPA 35
179.1 > 79 32

Eluent A: 10 mM Ammonium acetate in
90/10 acetonitrile/water

Eluent B: 10 mM Ammonium acetate in
10/90 acetonitrile/water

Gradient: See table 1

Run time: 4 minutes

Column temp: 35°C

Injection volume: 10 pL

Table 2. MRM transitions and optimized cone voltages and collision energies

for the AMPAs.

Data acquisition was performed using Waters MassLynx™ v.4.1

Software.



RESULTS AND DISCUSSION

The Waters UltraPerformance LC® technology enables faster and
higher peak capacity separations than conventional HPLC. Using
UPLC, baseline separation of five AMPAs was achieved in less than
1.8 minutes, compared with the up to 20 minute literature reports of
HPLC separations®®. Figure 3 shows the UPLC/MS/MS chromatogram
of a 10 pg/pL standard.
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Figure 3. UPLC/MS/MS chromatogram of an AMPA standard.

Two Multiple Reaction Monitoring (MRM) transitions were monitored
for each of the AMPAs. The primary transitions were used for
quantification and the secondary transitions for confirmation
purposes. Waters TargetLynx™ Application Manager Software was
used to calculate the ion ratio between the primary and secondary
transitions and for calibration and quantification.

Calibration curves for all five compounds were linear over the range
0.5 to 200 pg/pL with acceptable regression coefficients (see

Table 3). Figure 4 shows a representative calibration curve for the
compound IMPA.

Compound name: IMPA

Correlation coefficient r= 0999454 2 = 0998907

Calibration curee: 87.64 *x +-241722

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 10 Axis trans: Mone

Fesponse
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Figure 4. Calibration curve for IMPA.

The detection limits for the five AMPAs were investigated and the
results are shown in Table 3. The detection limit was defined as
S/N value of 3:1 and reported as pg injected on column. Reported
relevant concentrations range from 4 - 1000 pg/g in solid media®®

and 1 - 200 pg/L in clinical samples®.

Metabolite r2 Detecz:::»gr; Limit
EMPA 0.998 2.0
IMPA 0.999 2.0
iBUMPA 0.996 0.5
CMPA 0.996 1.0
PMPA 0.996 0.1

Table 3. Regression coefficients and detection limits for the AMPAs.




[AppLICAR NC | | ’

v 8

r CONCLUSION References

ificati d fi . fth f th 1. Le Moullec S, Truong L, Montauban C, Begos A, Pichon V,
Quantl ication anda confirmation of the presence o the nerve agents Bellier B. J Chromatogr A. 2007 1139(2):171-7.

VX, GB, R-VX, GF, and GD were achieved in one analysis. This was
accomplished by applying a fast, sensitive UPLC/MS/MS method for

2. Website: http://en.wikipedia.org/wiki/Nerve_agent

Website: http://www.cfr.org/publication/9238/#3
the analysis of five nerve agent degradation products. Separation
4. New York State Department of Health, “The Facts About Nerve Agents”,

of the five compounds was achieved in less than 1.8 minutes. Fact Sheet, 2004.

The method is based on hydrophilic interaction chromatography, 5. D'Agostino PA, Hancock, JR, Chenier CL,

which permits the elimination of time-consuming evaporation and Lepage CR. J Chromatogr A. 2006 1110(1-2):86-94.
reconstitution steps following SPE or protein precipitation: saving 6. LinQ,HiuX, Xie J. Analytica Chimica Acta. 2004 512:93-101.
precious time when exposure is suspected in order to initiate coun- 7. Grumbach ES, Diehl DM, Alden B, Iraneta P, Neue U, Mazzeo J. Waters

. Corporation Poster Reprint 2003 Lit No. WA20794.
termeasures more rapidly.

8. D’Agostino PA, Hancock JR, Provost LR. J Chromatogr A.
2001 Apr 6;912(2):291-9.

9. Mawhinney DB, Hamelin El, Fraser R, Silva SS, Pavopulos AJ.,
Kobelski RJ. J Chromatogr B. 2007 852:235-243.

Woaters

THE SCIENCE OF WHAT’S POSSIBLE."

Waters, ACQUITY, ACQUITY UPLC, UltraPerformance LC,

and UPLC are registered trademarks of Waters Corporation. Waters Corporation

@ MassLynx, TargetLynx, and The Science of What's Possible are 34 Maple Street

“ trademarks of Waters Corporation. AU other trademarks are Milford, MA 01757 US.A.
the property of their respective owners.

UKAS T: 1508 478 2000
QUALITY

MANAGEMENT ©2007 Waters Corporation. Produced in the U.S.A. F: 1508 872 1990
001 November 2007. 720002334EN AG-PDF www.waters.com




