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Introduction
Chemical warfare nerve agent biomarker methods:
e Cholinesterase activity,

* Nerve agent hydrolysis products,

* Fluoride ion regenerated alkyl methylphosphonofluoridate (G-
agents)

e human plasma,
* red blood cells,
e tissue
New analytical method:
e ammonia ClI,
o alarge volume injector (LVI) with Tenax® insert, and
» stable isotope (°H,,-GF) internal standard.
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*Develop method for GF exposed samples using GC-MS with positive
ammonia chemical ionization and stable isotope standards.

*Explore performance characteristics including:
e Column selection
e optimizing LVI and oven parameters,
* reportable range,
e accuracy and precision,
o detection limits.
*Spike animal whole blood/tissue at a series of GF levels
e Analyze Recovery Data
*Analyze minipig samples after whole body GF exposure
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Experimental Methods:

Materials

 GF : CASARM grade prepared and analyzed at ECBC
and diluted with hexane or ethyl acetate.

» Deuterated GF (*H,,): Synthesized at ECBC isotopic
purity >99.9% by mass spectrometry

» C,4 SPE cartridges: 200mg (Waters Associates,
Millipore Corp., Milford, MA)

 Acetate buffer (pH=3.5)
« Potassium fluoride: 6 M

o Chemicals: All other chemicals were procured

commercially at ACS reagent grade or higher.
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Minipig-Blood Sample Collection

Inhalation Exposure Samples:

Whole blood from GF exposed minipigs was collected (with EDTA)

via external jugular catheter allowing serial blood sample collection
before, during, and after inhalation exposure.

Samples were centrifuged at 4400 rpm for 5 min.The resulting red
blood cell pack and serum/plasma samples were analyzed for

regenerated agent by the addition of acetate buffer and fluoride ion.
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Whole
Blood/EDTA

[spiked with agent in
hexane, mixed for 10
min]

4,4Q

RBC + Plasma (w/ Protein bound
Cyclohexyl Methylphosphonyl groups)

PM Acetate Buffer (pH 3.5) + Fluoride (6 M KF) +

v

Free GF/?H,;-GF + in aqueous matrix

C18 SPE cleanup, elute w/ ethyl acetate

v

Free GF/?H,,-GF in ethyl

acetate
Analysis by LVI GC-MS

Amount of GF (pg) in sample from Peak
Area Ratio (GF,../?H;;-GF 4c.) UNCLASSIFIED
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E p'érir:ne-ntal Methods:

Analysis

¢GC Model 6890 (Agilent Technologies, Wilmington, DE)

el VI Sample Introduction: Agilent PTV: Inject 50 uL of extract, initial temp 0°C, initial
time 5.1 min, final temp 260°C, rate 720°C/min, vent time 5.00 min, vent flow 300
mL/min, purge flow 50 mL/min, purge time 7.85 min.

eGC Column:

¢14%-Cyanopropylphenyl 86%-Dimethylpolysiloxane: 30 m x 0.32 mm x 1 um
film(Rtx-1701, Restek Inc., Bellefonte, PA )

¢GC Oven program: Carrier He @ 3 mL/min (63 cm/sec), Temp Program: -
35°C(5.3 min) to 164°C @ 50°C/min to 178°C @ 2°C/min to 270°C(3 min) @ 50°C/min.

eDetection: MSD (Model 5973 MSD, Agilent Technologies, Wilmington, DE) SIM
mode, ammonia Cl, Source & Quad Temp 150°C

oeGF ions: Target-198.1 ([M+18]*) & Qualifier 215.2 ([M+35]*), Retention time 10.61
min

eInternal standard (2H,;-GF):Target-209.1 ([M+18]*) & Qualifier 226.2 ([M+35]*),
Retention time 10.53 min
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Results!and!Discussion

« Positive ion NH; chemical ionization (Cl) was chosen over Cl using negative ion
NH,, positive/negative ion CH,, or positive/negative ion isobutane.

*NH, afforded better sensitivity then CH, or isobutane
*Positive ion mode less sensitive to source conditions
- Ratio of [M+18]*/[M+35]* was used as tuning benchmark to set NH, pressure

 LVI flow rates and injector port purge times are critical parameters to optimize for
each solvent and target analyte.

» Tenax packed injector port important.
 Detection limit was in the low picomole range.
« Calibration Curve Range 10-1000 pg on column (50 uL injection)

 Figure 1 is a overlay of five calibration curves from over a three week period.
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GF Calibration Curves
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"Results and Discussion

» Peak-to-peak signal/noise at the lowest standard (10 pg) was over 100.
* Method can be used with blood or tissue samples.
e Figure 2 is a representative plot of lung tissue spiked with GF.

e Figure 3 is a representative plot of the regenerated GF (R-GF) from a
minipig eye sample after whole body exposure to GF at 0.16 mg/m? for
10 min.

s Figure 4. minipig RBC Sample at 1500 min post exposure (0.16 mg/m?3
for 10 min).

* Figures 5-7 compare GF and GB uptake in the minipig.

* Figures 8 & 9 demonstrate late occurring peaks in R-GF profiles.
» Figures 10 compares R-GF and R-GB from tissue samples.
*Figure 11 presents the ratio of R-GF of Eye/RBC versus Ct

* Figure 12 shows that trends continue with near lethal exposutesssiFiep



UNCLASSIFIED

Abundance

lon 198.10 (197.80 to 198.80): 10150407.

D

lon 215.20 (214.90 to 215.90): 10150407.D

lon 209.00 (208.70 to 209.70): 10150407 .D

3500+ lon 226.00 (225.?{0 to 226.70): 10150407.D
3000
2500
2000
1500
1000
500

ZAVS —

10.0010.2010.4010.6010.8011.0011.2011.4011.6011.8012.0012.20
Time--=

UNCLASSIFIED



UNCLASSIFIED

Abundance
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0.1¢ = 0.002x + 0.016
0-1 7 R?= 09555 ) _——T
0.08 - > ——
o "
D 0.06 - L
~ 0.04 —
' '
0.02
0
0 10 20 30 40 50
minutes
#35:GB 0.28mg/m3(10 min)= 2.8 Ct
0.2
y = 0.0207x - 0.0483 .
0.15 2 . ~
R“ =|0.9745 ~
(o))
D 0.1 /
c 7
0.05 - /T//’
o) -~
0 5 10 15
minutes
UNCLASSIFIED




proles/g

#91:GF 0.22mg/m3(10 min)=2.2 Ct

0.700 ~
0.600 -
0.500 -
0.400 -
0.300 -
0.200 -
0.100 -
0.000 \ \ \ ‘ !

0) 10 20 30 40 50

minutes

y =0.0111x + 0.0887
R? =0.9555 -

poles/g

#35:GB 0.28mg/m3(10 min)= 2.8 Ct

1.400 -+ _
1200 | Y= 0.1476x - 0.3448

1.000 R”®=0.9745

0.800 -
0.600 -
0.400 -
0.200 -
0.000 * ! ! !

0] 5 10 15

minutes

UNCLASSIFIED

0.0122
mmoles(GF)/m3*t

0.0200
mmoles(GB)/m3*t

UNCLASSIFIED



1.500
ey ¢ .
8 1.000
g 0.500 ¢®e
< 0.000 ¢ ‘ | ‘ ‘
0 500 1000 1500 2000
minutes
#35:GB 0.28mg/m3(10 min)=2.8 Ct
2.500
L 2
2.000 -, |*
e} .
§ 1500 - .
2 1.000
o
0.500
0.000 -+ ‘ ‘ ‘
0 500 1000 1500 2000
minutes

UNCLASSIFIED

0.0122
mmoles(GF)/m3*t

0.0200
mmoles(GB)/m3*t

UNCLASSIFIED



UNCLASSIFIED

#122:GF 0.024mg/m*>(180 min)=4.32 Ct
(0.0239 mmoles*min/m3)
2 2.000
8 | o0p Y =0:0039x-03701 Y
o i R?>=0.9128 o
£ 0.000 e | |
0 100 200 300 400
minutes
#122:GF 0.024mg/m*>(180 min)=4.32 Ct
(0.0239 mmoles*min/m3)
S 20.000 W
2 10.000 L BPA
£ 0.000 Lm ¢ ¢ hd
o . I I I
0 1000 2000 3000
minutes
LASSIFIED




UNCLASSIFIED

#115:GF 0.061mg/m3(60 min)= 3.66 Ct
(0.0203 mmoles*min/m3)
y =0.003x - 0.0074
2 0.600
& 0400 |  R’=09062 e —
9 0.200 —
£ 0.000 — v ‘ ‘ ‘
0] 50 100 150 200
minutes
#115:GF 0.061mg/m3(60 min)= 3.66 Ct
(0.0203 mmoles*min/m3)
&mﬁ 10.000 P
()
< 5.000 . * oo
S 0000 eee | | | | |
0 500 1000 1500 2000 2500 3000
minutes
LASSIFIED




#98:GF 0.033mg/m®*(188min)=6.20

(0.0345 mmole*min/m°®)

O RBC
2 B Lung
(@) .

& O Liver

O Kidney

Tissue B Eye
#14:GB 0.033mg/m*(180min)=5.94
(0.04431mmole*min/m?)

O RBC
ey w ® Lung
(@)

) J I:. o
— O Kidney
Tissue B Eye

UNCLASSIFIED

UNCLASSIFIED



UNCLASSIFIED

Ratio of R-GF from Eye and RBC vs Ct
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The isotope dilution LVI method is sensitive enough to quantify R-GF
In blood and tissue after miosis level exposure

Results indicated the ability to quantify GF down to ~400 pg/mL of
extract despite the complexity of the matrix.

Conditions that needed to be optimize for the LVI included injection
volume, initial temperature, initial time, pressure, liner packing, and flow
rate.

The uptake of GF as reflected by R-GF levels appears to be much
slower than GB.

Maximum recovery of R-GF was ~24 hours after the beginning of the
exposure for all levels of exposure to date. R-GB maximum is reached
soon after exposure stops.
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