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TORION" Presentation Outline

« Harsh environments and trends in field
measurement analyses.

* Choosing a field measurement technique.

* Why mass spectrometry?

« The GUARDION-7™:
— SPME fiber sample introduction
— low thermal mass gas chromatograph
— toroidal ion trap mass spectrometer
— simple graphical user interface

e GC-TMS Performance Data:

— chemical agents
— explosives
— hazardous chemicals
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TORION" What are Harsh Environments?

« HEMS Booklet— Welcome Page

— Mass spectrometry in:

e Space

« Earth’s oceans

 Battlefield scenarios

« Author’s input: any non-traditional laboratory setting
— Common features in MS deployment:

* High reliability

 Small size

* Low power requirements
« Author’s input: reduce cost burden per analysis
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TORION" Trends in Analytical Procedures

e Prominent analyses trends analytical
measurements In the field:

— Faster and faster analysis methods
— Increase measurement sensitivity
— Increased measurement selectivity
— Increase productivity

— Readuce labor costs
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TORION" Choosing a Field Measurement Technique

Analyte to be detected Determination of agents most likely to be encountered
Lowest concentration of target analyte that results in

Sensitivity positive response; ideally, lower than levels necessary
for injury to personnel

_ Factors such as smoke, moisture, or other chemicals

Resistance to interference that prevent the device from accurately providing a
response

Response time Time to collect, analyze, and provide feedback

Start-up time Time to assemble and deploy the device

Detection status Vapor, liquid, and/or aerosols

Alarm capability Audible, visual, or both

Portability (Iiase of'transport, which encompasses weight and

imensions

Power capabilities Battery versus alternating current

Battery needs Quantity and type of batteries

Operational environment Extremes of conditions under which the device operates

Durability Amount of abuse the device withstands

Procurement costs Cost per device needed

Operator skill level Skill involved in using the device

. . Number of hours and type of educational background
Training requirements required for operation
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TORION” Colorimetric (Enzymatic) Methods

» Detection Paper
— Sensitive (spot diameter & density)
— Inexpensive
— Long response time (15-30 min)

— Poor specificity — false positives (brake fluid, antifreeze, insect
repellent)

 Colorimetric Tubes

— Sensitive — 0.005 mg/m? (Ilength colored zone in tube)
— Tube required for each chemical (must know target analyte)
— Poor specificity — false positives

— Chip measurement system (pump, flow controller, optical reader
10 capillaries in 20 s)
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TORION" Surface Acoustic Wave (SAW) Detection

» Chemically selective coated piezoelectric
crystal (measures change in resonant
frequency)

» Specific coatings for specific chemicals or
chemical types

* Good sensitivity
 Hand portable
« Easy to use

* Poor selectivity
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TORION" Infrared Radiation (IR) Detection

Used for vapor or solid samples

Various types of detectors

— Photoacoustic (modulated IR — absorbed light
— heat — gas expansion — signal)

— Filter-based

— Differential absorption (vapor cloud)
(2 laser beams — one absorbed, the other not)

— Passive (vapor cloud)
Poor sensitivity

Poor selectivity
— Broad spectral bands
— Easily affected by contamination
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Surface-Enhanced Raman Spectroscopy

TORION™

* Requires adsorption on specially prepared
surface

* High sensitivity

* Moderate selectivity

 Hand-portable

« Easy to operate

» Can detect through transparent container
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TORION" Gas Chromatography (GC)

Sensitivity depends on detector

Good selectivity
— Characteristic retention times
— Improved with selective detectors

Variety of detectors

— Flame photometric (sulfur, phosphorus)
— Chemiluminescence (sulfur, nitrogen)
— Thermionic ionization (nitrogen)

— Photoionization

— Mass spectrometry

Requires carrier gas supply & detector
gases or reagents

Can be miniaturized (low power)
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TORION" lon Mobllity Spectrometry (IMS)

« Soft ionization, drift time in buffer gas
« Sensitive — 0.03 mg/m?

o Simpler than MS (no vacuum system)
« Hand-portable

 Moderate selectivity — false positives
— Poor resolution
— Easily contaminated (reactive ion chemistry)
— Can be greatly improved with GC

« Can be used for many different chemicals
(i.e., chemical agents, explosives, drugs)
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TORION" Why Mass Spectrometry?

« GC/MS is the legal and laboratory standard for chemical
identification

« High sensitivity and high selectivity (especially using GC
inlet)

— High Sensitivity = Low false negative rates
— High Selectivity = Low false positive rates

* Much higher selectivity than spectroscopic techniques or
ilon mobility spectrometry (i.e., molecular weight,
fragment ions, relative intensities vs. one ion mobility
value)
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TORION" Why lon Trap MS?

« Simple, rugged design (no critical alignment
of ion optics)

» Less stringent vacuum requirements
(requires 1 mtorr operating pressure)

* High duty cycle = high sensitivity

* Low power (especially with small ion trap
mass analyzers)
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TORION" The GUARDION-7™

Portable—Fast—Reliable—Easy

Specifications

* Dimensions: 47 cm x 36 cm x 18 cm

* Weight: <11 kg or 25 Ibs (including batteries)
» Peak Power: ~80 W

« Sample Introduction: SPME

* GC: RTX-5,5mx 0.1 mm x 0.4 um

* TMS: Toroidal lon Trap

*Mass Range: 45 to 500 Daltons

* Resolution: < Unit mass

* Vacuum: turbo molecular and roughing
pumps

\ « ~50 Analysis: battery power
>\

fa 18.5"

* ~100 Analyses: cartridge He gas supply
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TORION" Inside the GUARDION-7™

Portable

Batteries

Vacuum Chamber Electronics
with Toroidal lon
Trap

~ f Diaphragm

‘%/ Pump

Turbo
Molecular
Pump

GC System i

He Gas
Cartridge
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TORION" Battery Power Profile

CBO007 Power Consumption Profile/ Run
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TORION" Battery Power

Battery Characteristics
24 volts, 7.5 Ah lithium/sulfur dioxide (LiSO,)

GC-TMS Run Time

5 min (including cooling and data analysis)

Total Power/GC-TMS Run
63.5 W

Number of GC-TMS Runs per Battery
~50 (the GC-MS was on for 4.5 h)
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TORION” He Cartridge

Cylinder characteristics
90 cc stainless steel cylinder at 2500 psig

GC gas flow conditions

Column head pressure: 25 psig
Column maximum flow: 0.7 scc/min @ 20°C

Split-splitless injection: Split ratio 20

GC-TMS run time
5 min (including cooling and data analysis)

Number of GC-TMS runs/cylinder charge
~100 runs

® 2007 TORION TECHNOLOGIES, INC.



TORION™ SPME Fiber Sampling Syringe

e EXxposes and retracts
sampling fiber in and out of a
/ protective sheath
/ e Contains memory chip board
| for recording sample
information for chain of
custody purposes

/ o=+ o One hand operation
~ %
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TORION" Sample Separation

Low Thermal Mass Capillary GC System

« Column: Rﬂ"’éi{M@o 1 mm x 0.4 um)

T -
nli?én‘t\?(?\fns

JJr» alitless l“Jj SN Split ratio 20

Pressure: 2
Number of GC-TM
~ 100

runs/cylinder charge:
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TORION" Low Thermal Mass GC Assembly

S Conductive Foil

h mry Temperature
Sensor

Insulated
- i GC Column

H ' Insulated
Heating Wire

Cross Section of Toroid

Courtesy RVM Scientific
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TORION™ LTM GC Retention Reproducibility

% RSD for Alkane Retention Times

0.14
0.12 m Agilent 6890 |

0.1 = -2 LTM
0.08
0.06
0.04
0.02
o
/8 9 1011 1213141516 17 18 19 20

C-n

Sloan, K.M., et al., Field Anal. Chem. Technol. 5, 288-301 (2001)

% RSD
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TORION” Mitigating Factors of lon Traps

—8eV

— 2 232

« 3-Dion trap is an “ion bottle” with m(ro "‘220 )Q
somewhat fixed relative
dimensions (r, vs. z,)

* lon-ion repulsion (space charge)

« Commercial traps optimized at
r,=1cm, ~16 kV :

* Further increase in r, not practical E ] —
due to arcing of rf high voltage

* Decrease of r_ yields lower rf r
power, but will lead to earlier
onset of space charge 7
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TORION™ Innovation in lon Trap MS

Conventional lon Trap Toroidal lon Trap
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TORION" Toroidal RF TMS

&

LT,

F

e

G

Asymmetric Corrections

S.A. Lammert et al., Int. J. Mass Spectrom. 212, 25-40 (2001) %
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TORION" GUARDION-7™ TMS

Miniaturized Toroidal lon Trap Mass Spectrometer

 RF Trapping Field:
— ~3MHz
— ~3800 (max) V,,

* Resonance Ejection:
— ~3.5MHz - 65 KHz
— ~5V amplitude

* Pressures:

— Sample: 1 x 10 to 4 x 10->mbar
— He buffer gas: ~2-4 x 104 mbar
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TORION" The GUARDION-7™ Screens

#IIIll 28128 kB. storage

Device Volts  Amps Hz
i 0.310
0320 1500

# I 28128kB.  sampler  storage # Il 28128KkB.  sampler  storage

175K
150K
125K
100K
73K
S0K

Detector Lens
Filament Gate L

Filament Gate H Insert SPME now

Transfer Line
GC Column

Standby

#IIII  28128kB.  sampler

storage

#MI 28128kB.  sampler : # Il  28128kB.  sampler  storage
3 Chemical Time (sec) X-value

2500 Done

Benzene 0.90875
i Toluene 0.74203
1500 Butylbenzene 0.44463

: Naphthalene 0.45924
Analyzing 2-Chloroacetophenone 0.70872

10001
(00000000o0OoONCODD000O00C000D

View Chrom.

Abort

® 2007 TORION TECHNOLOGIES, INC.



TORION™

Simple GUI Interface

File Screen Topics

Run Device

System Standby

Utilities

Lefi

Page 10 of 38

System Standby

Selecting this option tells the system
to power down.

If the GC column is not set at the
baseline temperature, the fan is tumed
on. Once the GC column has reached
the baseline temperature, the pumps
are tumed off.
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TORION™

Performance Data

Sean: 439
0 2,3 dimethyl-2,3-dinitrobutane

i
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TORION" Caplillary GC Reproducibility

* Inter-system Comparability: GC Parameters on 7 Systems
— GC retention time %RSD:
 high = 8.88%(B2)
* low =5.45% (DEP)
— GC retention time %RSD relative to Naphthalene
* high =2.63% (BZ)
* low =0.36% (NBB)
— GC peak area % RSD:
* high = 165% (BZ)
* low = 155% (DEP)
— GC peak area %RSD relative to Naphthalene
 high = 89.1% (DEP)
* low = 14.3.%(CN)
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TORION” Unit Mass Resolution

91

Molecular lon Region of Toluene “

92

93

m/z
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TORION" Mass Calibration

3000

2500

2000 -
y=17.427x-801.17

R?=0.9994
1500 -
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o
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c11 ‘ ‘ ‘ :
0 Cl13 14 0 50 100 150 200 250
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Masses Employed:
Fragments: 57, 71, 85, 99, 113

Molecular lons: 128, 142, 156, 170, 184, 198
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Intensity

Time (min)
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TORION" Sensitivity

y = 2956.8x + 38.243
R? = 0.9998

Relative Intensity

LOD: 250 pg

n-Dodecane (C;,) Spectra

57

71

Intensity

83
170

99
113
40
127 g4
HL ‘\ J | W ‘mm\mu ‘\1\ i g L
Y i 7 } i

s
40 60 80 100 120 140 160 180 200 220 240

m/z
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Dilution of Six Standard Mix

BENZENE TOLUENE NBB NAPHTH CN DEP
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TORION" Dilution Six Standard Mix— Graph

Concentration Study - Six-mix Test Solution
(three replicates of four concentrations 0.1,1,10,100 ppm with 3 exposure times for each)

7000000

6000000 ——hd

5000000
mn
£ 4000000 —&—Benzene
=
2 —m@— Toluene
&
$ 3000000 —Jl— Naphthalene
§ DEP
o
O 2000000 - Poly. (Benzene)
O

1000000 -

o{
200 400 600 800 1000 1200 1400 1600
-1000000

Integrated sample ([c]*sec; ppm*sec)
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TORION” Hazardous Chemicals Analysis

Toluene Scan: 132
Naphthalene 20000 92
n-Butylbenzene 15000 TO I uene
2-chloroacetophenone 10000
Benzene [ 106

5000—
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TORION" Benzene TMS-NIST Comparison

Scan: 124
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TORION™

Toluene TMS-NIST Comparison

Scan: 128
200 GUARDION-7 92
o lOlUEene
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TORION" Analysis of Chemical Agents

140000 - . 1. Dimethyl methyl phosphonate (DMMP)
130000 | 2. 2-Chloroethyl ethyl sulfide (1/2 HD)
120000 | 4 . Diethyl malonate (DEM)
110000 ° .. Methyl salicylate (MES)
100000 ; 5 5. 2-Chloroacetophenone (CN)

90000 A

80000 1

70000 - 1

60000 |

50000 - 5 65 um PDMS-DBV SPME fiber

40000 - 1 min sampling from MeOH solution
30000 - Thermal desorption @ 250°C for 3 s
20000 |

10000 | A k / LW\MW

020 040 060 080 100 120 140 160 180  2.00
Time (min)
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TORIO

N™

Chloroacetophenone Comparison

Scan: 440
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15000— GUARDION-7
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TORION™ VX TMS-NIST Comparison

Scan: 4320
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TORION" GF (Cyclosarin) Comparison
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TORION™

GD Spectral Comparison

Scan: 277
100000 182
soooo—  4/17/07 Guardion
—— 3.0 MHz, 820 Vp-p RF trapping field
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TORION™

Explosives Analysis: 3-Nitrotoluene

Scan: 382
55 91
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TORION" Explosives Analysis: Nitrobenzene

Secan: 335 . .
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TORION" Explosives Analysis: HMTA

Sean: 467 Single Scan— Low Concentration .
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TORION" DTRA Protocol Performance Test #1

May 25, 2007

Instrument Runs Blanks |dentified  Percent
C12 7 6 40/42 95.2%
C13 5 5 30/30 100%
C03 5 5 29/30 96.7%
C08 5 5 30/30 100%

_ Average: 97.7%

Runs were performed with the 6-mix standard only
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DTRA Protocol Performance Test #2

TORION™

June 22 — 25, 2007

Instrument Runs Blanks Identified Percent

CO03 6 ! 29/31 93.6%
C04 6 V4 30/30 100%
CO06 6 6 29/31 93.6%
CO7 8 V4 43/43 100%
CO08 6 6 29/30 96.7%
C11 7 V4 22/23 96.6%
C13 6 6 34/34 96.7%
C14 6 V4 28/32 87.5%

Runs were a combination of 2-mix and 6-mix standards
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