
A method of screening air and water samples for the chemical-
warfare agent Sarin is developed using solid-phase microextraction
(SPME)–gas chromatography (GC)–mass spectrometry (MS). The
SPME field kit sampler is ideal for collecting air and water samples
in the field and transporting samples safely to the laboratory. The
sampler also allows the sample to be introduced into the GC–MS
system without further sample preparation. Results of the tests with
Sarin using the SPME technique indicate that a sample collection
time of 5 min is sufficient to detect 100 ng/L of Sarin in air. For
water samples, Sarin is detected at a concentration of 12 µg/mL or
higher. This method is ideal for screening samples for quick response
situations.

Introduction

A terrorist incident may involve chemical-warfare agents such
as Sarin (GB). The ability to rapidly detect and confirm that
chemical-warfare agents have been released is critical in handling
emergency response and cleanup in a safe and cost-effective
manner. Several onsite monitors are available that provide real-
time screening for chemical agents, but thesemonitors are prone
to false positives and typically do not provide a high degree of sen-
sitivity. Sampling, analysis, and subsequent positive identification
of a suspected chemical-warfare agent are necessary to advise the
responding government agency in regards to actions necessary to
protect human health and the environment.
Solid-phase microextraction (SPME) is a relatively new tech-

nique that combines the extraction, concentration, and sample

introduction of organic compounds in a single step (1–5). Air and
water samples can be collected directly on SPME fibers. SPME
can also be used to sample the headspace of solids and non-
aqueous liquids. The use of SPMEoffers a rapid analyticalmethod
for chemical agent screening (6–7). An SPME–gas chromatog-
raphy (GC)–mass spectrometry (MS) method for sampling and
analysis for the rapid detection of the chemical nerve agent Sarin
has been developed.
Preparing samples for analysis is often the most time-con-

suming step in an analysis, but for SPME it is quick and involves
no solvents. SPME uses a silica fiber coated with a sorbent to
extract samples. The coated fiber concentrates organic contami-
nants on its surface. When the fiber is transferred to the heated
injection port of a GC, the analytes are desorbed and analyzed.
SPME minimizes the need for emergency response personnel to
handle chemical agent samples in the field. SPME samples can be
collected in the field and only the fiber containing minute
amounts of chemical agent is returned to the laboratory for anal-
ysis. SPME can also be used in determining when an area has
been successfully decontaminated.
In this study, laboratory tests were performed with Sarin to

evaluate the performance of the SPME technique. Air sampling
was simulated by exposing the SPME fiber to Sarin-containing
vapor in the headspace of a vial with a septum cap. Water sam-
plingwas simulated by dipping the SPME fiber into distilledwater
spiked with dilute Sarin solutions.

Experimental

Chemicals
Certified standard solutions of Sarin isopropylmethylphospho-

nofluoridate (C4H10PO2F) (CAS No. 107-44-88) were obtained
from the U.S. Army Chemical Agent Standard Reference Material
(CASARM)Group for use in ArgonneNational Laboratory’s Dilute
Chemical Agent Facility. All reagents were analytical-reagent
grade.
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SPME
A commercially available SPME field sampler was used (SPME

field sampler with 65-µm PDMS-DVB coating, Supelco, Inc.,
Bellefonte, PA, Catalog Number 57359-U). The SPME field sam-
pler consisted of a holder from which a needle containing a fiber
coated with a sorbent phase can be extended. All SPME fibers
were conditioned before use by desorbing them in a GC injection
port at 260°C for at least 30 min.

Sample preparations
The SPME sampler fiber was exposed to the headspace above 10

mL of a solution of Sarin (240 µg/mL methanol) in a 40-mL vial
with a septum cap for 5 min, during which airborne contami-
nants sorbed onto the fiber. The fiberwas thenwithdrawn into the
needle, which was withdrawn back into the holder. In order to
determine absolute detection limits, 2 µL of the Sarin solution in
methanol was injected into a 40-mL vial with a septum cap and

Figure 1. GC–MS calibration curve for Sarin.

Figure 2. Plot of Sarin detected versus the collection time.
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allowed to volatilize.
For this study, dilute solutions of Sarin in glass vials with

septumcapswere used for sampling. The SPME sampler fiber was
placed directly into 20 mL of a dilute solution of Sarin for 5 min.
These dilute solutionswere prepared by adding a solution of Sarin
in methanol (240 µg/mL) to distilled water. The resulting solu-
tions were 12.0 µg/mL and 60.0 µg/mL Sarin.

Instrument and operating conditions
The SPME sampleswere analyzedwith anAgilent 6890GC cou-

pled to a 5973MS detector. The GC–MSwas equipped with a glass
liner suitable for SPME analysis (obtained from Supelco, but
other equivalent glass liners can be used). The following GC
parameters were used in this work: a GC column (30-m × 0.25-
mm i.d., 0.25-µm film thickness) was used with HP-5MS 5%
phenyl methyl siloxane, and the carrier gas was UHP helium. The
GCwas run in the splitlessmode with a valve open time of 10min
and a flow rate of 1.0 mL/min for the helium carrier gas. The
injector temperature was 250°C. The initial oven temperature

was 45°C for 2 min, followed by a 10°C/min ramp to 110°C, held
at 110°C for 1min, ramped at 20.0°C/min to 280°C, and then held
at 280°C for 2 min. The ion source temperature was 230°C, and
the transfer line temperature was 280°C. The MS system was
tuned with perfluorotributylamine by running the Autotune pro-
gram. TheMSwas run in the scanmode from 50 to 350 amuwith
a threshold of 150 and a scan rate of 4.72 s–1. The GC–MSwas cal-
ibrated by the liquid injection of standard Sarin solutions.
Quantitation was done on the extracted ion 99. Shown in Figure
1 is the calibration curve used for quantitation.

Results and Discussion

Air is the most likely initial sample to be taken after a sus-
pected terrorist incident, but suspect liquids should also be sam-
pled. Emergency responders need to know if dangerous levels of
Sarin are present. In order to simulate these types of samples in
the laboratory, headspace techniques were used. Ten milliliters
of Sarinmethanol solutions of known concentration were placed
into 40-mL glass vials with septum caps. Sampling the
headspace gas above the liquid in the capped vial simulated air
sampling. The Sarin in the solution and in the vapor above the
solution were in equilibrium. Spectral libraries of standard
chemical agents were previously produced and stored for library
searching. Extracted ions were used for quantitation (99 amu)
with two qualifying ions for agent confirmation (125 and 81
amu). Table I contains the results obtained with a solution of
Sarin in methanol (0.240 mg/mL). Figure 2 is a plot of the
amount of Sarin detected versus the collection time. The curve
in Figure 2 appeared to be approaching a plateau region after 10
min of collection time. This plateau region represents the region
inwhich equilibriumwas reached between the Sarin in the vapor
and the Sarin in the SPME fiber. It appears that after 2min of col-

Table I. Results of Sarin Air Sampling

SPME fiber
exposure time (min) Sarin detected (ng)

0.5 5.84
0.5 5.62
1.0 8.24
1.0 9.17
2.0 12.67
2.0 12.17
5.0 15.37
5.0 15.21
10.0 17.06
10.0 17.64

Figure 3. Total ion chromatogram for Sarin collected using SPME from air.
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lection, 60% of the equilibrium amount was detected. The stan-
dard collection time of 5 min appears to be acceptable for col-
lecting Sarin from air. Figure 3 is the total ion chromatogram of
a SPME run of Sarin. Figure 4 is the extracted ion chro-
matogram showing the ions used to confirm the presence of
Sarin. Figure 5 is the mass spectrum of the Sarin.
An estimated detection limit of 100 ng of Sarin per liter of air

was determined for a collection time of 5min at ambient temper-
ature by injecting 2 µL of dilute solutions of Sarin in methanol
into a 40-mL vial with a septum cap. The air in this vial was then
sampled with an SPME sampler for 5 min. At the 100 ng/L con-
centration, 2.3 ng of Sarin was detected on the SPME fiber. This
result was with a high level of confidence in the positive identifi-
cation of Sarin, which is vital. Figure 6 is the extracted ion chro-

matogram for this analysis. This estimate was conservative; most
likely not all the Sarin that was injected into the vial was
volatilized into the headspace.
The SPME fiber was placed in water that was immediately

spiked with Sarin at room temperature (19°C) for 5 min. The
results are shown in Table II. Sarin proved to be unstable in
water, degrading with time. The degradation of Sarin in water
was expected (8). As shown in Table II, 12 µg/mL could not be
detected in water samples after 113 min. For the 60-µg/mL solu-
tion, Sarin was not detected after 157 min with a 5-min collec-
tion time. An SPME sample of the 60-µg/mL solution that was
collected for 10 min had 0.62 ng of Sarin on the fiber after 190
min.
The SPME method used for collecting Sarin was effective for

Figure 5. Mass spectrum obtained for Sarin collected using SPME from air.

Figure 4. Extracted ion chromatogram for Sarin collected using SPME.



air and water samples. In water, Sarin degrades rapidly in a
matter of minutes or, at best, hours. The method presented
works well with 5-min collection times. It is best suited as a
semiquantitative screening method in response with potential
emergencies in which a quick positive identification is required.
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Figure 6. Extracted ion chromatogram of a 100-ng/L Sarin sample.

Table II. Results of Sarin Water Sampling

Time after
Sarin SPME collection preparation of Sarin

detected (ng) time (min) solution (min) concentration (ppm)

4.68 5 0 60
2.61 5 34 60
1.48 5 73 60
nd* 5 157 60
0.62 10 190 60
0.72 5 0 12
0.32 5 53 12
nd 5 113 12

* nd, none detected.


