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( ) Field-Portable Detection Products

Nuclear i

 Mercuric Iodide Gamma
Detectors

 (GN-3 Handheld
Spectrometer for SOCOM

« P3 Portable Radiation
Portal |

Biological
* Array BioSensor

Chemical
* (CT-1128 Portable GC-MS



(mmmn TECHNQL) Development of the CT-1128

In the late 1990°’s, the Forensic S01ence Center at the
Lawrence Livermore National Laboratory (LLNL)
designed a prototype portable GC-MS
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(mmmn TECHNQL) Development of the CT-1128

In 2000, Constellation Technology Corporation
teamed with LLNL to make the prototype GC-MS
a commercial product
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(STELLATION TECHNOI.) CT-1128 Portable GC-MS

The CT-1128 GC-MS product utilizes a custom-built GC
coupled to a custom vacuum manifold which houses
an Agilent Technologies® 5973 Network MSD
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GC Components

1. Injection Port
* Varian CP-1177
split/splitless 1njector
* Compatible with direct
liquid 1njection or solid-
phase microextraction
(SPME) syringes
2. GC Oven
* Double-ramp capability
from ambient to 325°C

* Variable ramp rates of up
to 60°C/min.
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GC Components

3. GC Capillary Column
e Quadrex 007-5SMS (or
equivalent) 30m x 0.25mm
[.D. x 0.25um film
thickness; mounted on 4”
diameter cage

4. MS Transfer Line
e Programmable temperature
control up to 300 °C
* Rugged design allows
shipment of instrument
with column installed
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GC Components

5. Oven Cooling Mechanism

« Automated door and fan
activates upon completion of
an analysis

« Hot air 1s removed more
rapidly

* Oven recycling from 325°C
to 50°C in ~10 minutes
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Carrier Gas Supply

1. Onboard H, Bottle
e Metal hydride
provides several days
of continuous
operating time
2. Carrier Gas Option
« External gas cylinder
Or gas generator may
be connected
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Carrier Gas Control

1. Carrier Gas Pressure
Regulator

2. Carrier Gas Valve

3. Injector Purge
Indicator

4. Split-Splitless Flow
Control Valve
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Vacuum System

1. 4-Head Diaphragm
Rough Pump
(Neuberger)

2. Two Turbomolecular

Pumps (Alcatel)
« Air-cooled, 22 liters
He,/sec (15 liters H,/sec)

pumping speed per pump
3. Full Range Vacuum '
Gauge (Pfeiffer)
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MS Detector
Agilent 5973N MSD

* Quadrupole mass
spectrometer

* Electron Impact
(EI) 10n source

* 1.6 to 800 atomic
mass unit (amu)
scanning range

« Up to 10400 ,_ a3
amu/sec scan
speed [ eeed
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GC Control Software

EE Control B o [m]

File Method Manual Help

— Status - Yacuum

Chamber P
l START | Elapsed Time: | 0:00 | AL el
¥ | A MmO 4 TORR
| .&":,.G_ 4

— Sample Heater— — GC O¥en — Manifold

Purge Valve

Transfer Carrier Gas

Column

Sample Injection Turbo #2

Supply Gas

GC Oven Control and Pressure Monitors

Monitors *H, bottle pressure
*GC actual temperatures *Carrier Gas pressure
*GC heater set points *Vacuum Pressure
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G C Control Software

Turbopump Control
Start-up/Shutdown
control

Turbo pump telemetry
*Run status
*Pump speed
*Current draw
*Pump temperature

Turhupump Control

—Pump 1

—Run Status

AT OPERATING SPEED

Speed (RPM):. [42060
Curremt [rd]: |23|:|—
Pump Temp. [C); |2‘I—
Drive Temp. [C]: IE.‘I—
Operating Tirne: IEEI'I—

=10 x|

—HRun Status

4T OPERATING SPEED

Speed (RPM): [42037
Current [rd); |43|:|—
Pump Temp. [C]; IEE—
Drive Temp. [C]: I?.el—
Operating Tirne: IHD—

— Maintenance

Bun In |

— M aintenance

Bun In |

— Fault Status

— Fault Status

Start Pumps |

Stop Pumps

|F1: B Timeout

| P2 B Timeout

[15EE09
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GC Control Software === o

Ramp 2 A\ Total Time {min) : 10:20
Temp. (C)
[ao000
Ramp 1
Temp. (C)
GC Temperature o
° Starting
Programming ey (0
|s0.00 Y\
.Inltlal/Flnal Del?n{il')ime RamFm}n';'ime Hulczrminn;e 1 Rangﬁii_)Tfme Hnlc:r;inn;e D7
[oso [333 [0.50 [5.00 [1.00
temp eratures Splitless Time (sec)  Rate (C/min) Rate (C/min)
s [3o.o0 [3o.o0

i Ramp rate S [~ Keep Purge Valve Closed for Entire Analyziz

PY Split/splitless Otl?er Temperature Parameters (C)
. . . . Injector Temperature: 35000 Transfer LineTemperature :  [280.00
1njection settings
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MSD Chemstation

Software
(Agilent Technologies)

 MS Controls

« MS Method
Development

 Real-Time Data
Analysis
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GC-MS Software

* Synchronized
start of analysis
with a single
‘click’ or
keystroke

CT-1128 Portable GC-MS

= Instrument 1 MSTop/Environmental - CT1128.M / DEFAULT.S
Method  Sequence  Miew Security Contral  Help

#8 Instrument 1 - CT1128.M
Method  Instrument  Yiew  Abort  Window Qualfy  Help

% Instrument Control

=3 Sample Narme:
_ Data File:
comm0078.d

Chromatography

Detectors

” Run Time | ] ‘ ‘
|

Sample

Acquisition

“Waiting for remote start ...
To manually override, click Start Run.

E.IJE-‘.A‘

EEEnntrnI
File Method Manual Help

— Status Yacuum
Chamber P
— Sample Heater GC DOven Manifold
Sample Injection Column Transfer Supply Gas | Carrier Gas Purge Valve Turbo #1 Turbo #2

i Start Instrument 1 MSTop/Envir... | [ Instrument 1 - CT112... SEN 1:13 PM
al *
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MSD Chemstation
S O ftw a r e Enhanced Data Analysis - CTCTEST2.M/042704#5.0_(MS Data: Not Quantitated)

File DMethod Chromatogram Spectnun  Calibrate Ouantitate Tools View Help

(Agilent Technologies) 2=825 cer BR¥gBEERE 222
BEEED £ » = 86 deboa 7

N2 ] TIC: 0427045.D

e Data Analysis

27 135 141 147 154 163 170
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£ NIST MS Search M= E
File Edit Search Desktop Tools Help
£ Expanded Plot [
109 Mustard Gas ]
1004 Formula: C4HgCloS r
MW: 158 CASH: 505602 NISTH#: 226241 ID#: 49229
NIST/EPA/NIH
Other DBs: TSCA EPA HODOC
1 Contributor: VERIFIN - Methodology E3-1982
le\/S\/\Cl 46 Masses and Abundances
® 26 301 46 B0 63 4801 95 301 125 101
Om re enSl‘Ie 5 63 27 280 | 47 2001 64 201 96 90| 154 4|
] 28 801 49 601 651501 97 91 158 1301
29 41 51 101 731401 98 301 159 7|
32 1001 57 201 75 41 1099991 160 90 |
® 27 34 21 5831001 81 401 110 501 162 11
l rar O aSS i 35 61 591901 8 51 111 360 |
158 39 71 60 8011 85 31 112 101
123 44 51 61 1101 93 21 113 10|
0 Al S45210I 62 401 94 51 123 301
YNONyIms:
S e ctr a (I\’I)I\EE?lstar‘tiOGasﬁo 80 100 120 140 160 180 200 1 Bis (2 chloroethyl) sulfide
2. Sulfur mustard
l l  Bthane, 1.1"thiobis[2-chl
EIOO 109 -Ethane, 1,1"thiobis oro-
1 5. 1,1'-Thiobis 2-chloroethane)
L l lnkno \Vn I 6. Bis (Achloroethyl) sulfide
i 7. B.F-Dichloroethyl sulfide
] 8. Yellow cross liquad
. . . 1 9. Kampistoff "lost"
10. Yperite
1dentification R
1 12. 1-Chloro-2-(fchloroethylthio)ethane
1 13, Sulbfur mustard gas
] 73 158 14. Schweiel-lost
1 | | 21 96 193 | 15. Distilled mustard
00 1A N 1 - A |- 16, Mustard D
60 70 80 90 100 110 120 130 140 150 160 17. Gelbkreuz =
[2 Rep, (M) Mustard Gas
E ST had I Fepl.On I UserSpec I I Constraints I Adljustidin I QuickPrint I swiitchBack Iﬁ]‘
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Specifications
Instrument Parameter Specification
Dimensions 151n. x 231n. x 151n.
Weight 75 pounds
Power Requirements 120 volts A/C

Computer/Operating System State-of-the-art laptop CPU with
peripherals; Windows 2000;

Reach-back capability with
wireless aircard

20
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Shipping Case

* Allows safe
transport anywhere
via commercial
freight carriers

CT-1128 Portable GC-MS

21
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?‘EI'

"'

Field Deployment
._ "i‘ |'7'f: __"
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Application Fields

* Environmental field testing

* Environmental clean-up

* Industrial process monitoring

« HAZMAT/first responder site evaluation

« Military (chemical weapons/explosives detection)

* On-site forensic analyses (arson, clandestine drug
labs)
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CT-1128 Users

— Forensic Science Center at Lawrence Livermore
National Laboratories (Lawrence, CA)

— Kobe Steel, Ltd (Japan)

— Defense Threat Reduction Agency, Department of
Defense (U.S.)

— Counter-T

Sheriff’s

= Civil Sup

errorism Unit of Los Angeles County

Dept (Los Angeles, CA)

port Teams, Florida National Guard

= Police Scientific Branch, Ministry of Defense
(United Kingdom)
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GC Parameters

Column Type:
Column Dimensions:

Temperature Program:

Injector/Detector Temperature:
Run Time:

Carrier Gas/Flow
MS Parameters

Solvent Delay:
Scan Range:

Scan Rate:

CT-1128 Applications

007-5MS (Quadrex)
30m x 0.25mmlID x 0.25um film

50°C, hold 0.75min.; 15°C/min.
to 300°C; optional hold

250°C /280 °C
10-30 minutes (application dependent)

Hydrogen or Helium / ~1mL/min.

1.5 - 3.0 minutes (carrier gas dependent)
35 to 500 amu

~5 scans/sec.
25
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Hydrocarbon Test Mix (C,,-C,s)

2000000 -

1000000 -

Intensity

H

5 6 7 8 9 10 11 12 13 14 15 16 17

Retention Time (min.)

18
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Intensity

500000

450000 |

400000

350000 -

300000

250000 -

200000 -

150000 |

100000 -

50000

CT-1128 Applications

CW Test Mix
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CW Degradation Products
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CW Agents

3000000 | GB - Sarin =
1 GD - Soman
2500000 | DIMP - Diisopropyl methanephosphonate
| HD - Mustard Gas
2000000
£ &
g ] O
£ 1500000 - a
= | &)
1000000
500000 - B
1 /
3 4 5 6 7 8 9 10

Retention Time (min.)
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CW Agents & Precursors

12500000
1 % GD - Soman
DIMP - Diisopropyl methanephosphonate
| GA - Tabun
10000000 TEP - Triethyl phosphate
i HD - Mustard Gas
GF - Cyclohexyl methylphosphonofluoridate
| E-‘D TBH - 1,1’-Thiobis-hexane
7500000 - VX - O-ethyl S-2-diisopropylaminoethyl
z 1 methyl phosphonothiolate
g
= ]
5000000 | a
1 =
o
2500000 1 8 E
N m < H
&
E P
| A >
0 k\ L T T L\ T T T T T T T T T T T T A T
6 7 8 9 10 11 12 13 14 15 16

Retention Time (min.)
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Controlled Substances

2000000

Cocaine

1500000

Methamphetamine

A-9 THC

Intensity

1000000

Heroin

500000 A

= LSD

e

Morphine
= Cannabinol

\\‘ n_.\_...,nJLLJ..Lm_

3 8 13 18 23 28

Retention Time (min.)
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Pesticides
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Explosives (Nitroaromatics)
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JP-5 Fuel

500000
400000 A

300000 A

Intensity

200000 A

100000 -

AL TN

LY

0 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' I ' ' ' ' I ' ' ' ' I
3 4 5 6 7 8 9

Retention Time (min.)

*Testing performed at Norfolk Naval Base for Navy Environmental and Preventive Medicine Unit
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JP-5 Fuel

*SPME sampling from cotton swipe

6000000
5000000 -
4000000 |

3000000 -

Intensity

2000000 -

1000000MWJW

0 1 2 3 4 5 6 7 8 9

Retention Time (min.)

*Testing performed at Norfolk Naval Base for Navy Environmental and Preventive Medicine Unit
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Volatile Organics
*SPME sampling from 1ppm VOA in air bag
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*Testing performed at Norfolk Naval Base for Navy Environmental and Preventive Medicine Unit
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Received an SBIR

CT-1128: Research and
Future Development

award from Marine Corps

Systems Command
* Investigated hardware modifications that might

improve the current

 Purchased a Low T]
RVM Scientific and

CT-1128
hermal Mass (LTM) module from
| fitted with the CT-1128 instrument

as a proof-of-conce

Ot

¢ Will incorporate these improvements in future
iterations of the CT-1128 GC-MS
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LTM LTM GC
Power Column and

= / Supply Heater
- [ '\‘

LTM

Control 7 (A

R -
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Standard GC Column and Accelerated Conditions

Column: DB5-MS, 30m x 0.25mm ID x 0.25um film
1Gas Flow/Pressure = 2.4mL/min, 13psi
1200000 | Tgmp_= hold 21sec @ 50°C, 33°C/min to 300°C
Injection Volume = 1.0uL
1Run Time = 7.9 minutes
|Recycle Time = 3 minutes o
& =
= 3
i = =
900000 _ = =
_ 2 E S
—
E g 2 £ g |%
g s = S = S e
= 600000 { S~ = 1 & = )
) b5 A S = -
< = © = = = =
£l 2 = z £ £
= e @ 5 5 2
300000 { & N W = <
£ = =
| £ =
0 Wi il LL,\ ‘ i . /Vl . oe- Jk S ‘ o : ‘
2.3 2.9 3.5 4.1 4.7 5.3 5.9 6.5 7.1 7.7

Retention Time (min.) 39
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Detection Limits: 30m Column

Compound Name Selected Ion (m/z) | Detection Limit (ng/uL)| Detection Limit (pg)
Decane (C10) 57 0.5 500
Pentadecane (C15) 57 0.1 100
Eicosane (C20) 57 0.2 200
Pentacosane (C25) 57 0.2 200
Trimethylphosphate 110 0.1 7
2,6-Dimethylphenol 122 0.005 S
5-Chloro-2-methylaniline 106 0.1 100
Tributylphosphate 99 0.1 100
Dibenzothiophene 184 0.001 1
Malathion 125 0.5 500
Methylstearate 74 0.1 100

*Detection Limit is defined as the concentration of analyte in solution (or weight of
analyte) which produces a signal-to-noise ratio of 10:1 for the most abundant ion in the
given analyte’s mass spectrum. For cases where background noise is approximately zero,
detection limit is defined as a signal intensity of 100 for the most abundant ion in the given

analyte’s mass spectrum.
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Smaller GC Column and Accelerated Conditions

7000000
|Column: DB5-MS, 20m x 0.18mm ID x 0.18um film

1Gas Flow/Pressure = 1.8mL/min, 20psi

6000000 :Temp = hold 12sec @ 50°C, 57°C/min to 300°C
|Injection Volume = 0.4pL o
{Run Time = 4.6 minutes 5
5000000 -|Recycle Time = 2.3 minutes o "g_‘
] £ = 2
| 2 = :
] e =) )
2 4000000 - = = S 2
@ | o = : ) v =,
: =
CI - g - £
= 3000000 | & z : e e
| £ E 3 E
b Q .E E Q og
| = = s 2
2000000 2 " 5 = =
] N o ]
1 L o\ l{l) :e =
N OE ; E
100 1] =
0000 e
0 L ' ' T ' ' wk ' L ! Lhﬂw
1.3 1.8 2.3 2.8 3.3 3.8 4.3

Retention Time (min.) 41



£ CT-1128: Research and
CONSTELLATION TECHNOLOGY Futu re Development

Detection Limits: 20m Column

Compound Name Selected Ion (m/z) | Detection Limit (ng/nL)| Detection Limit (pg)
Decane (C10) 57 1 400
Pentadecane (C15) 57 0.1 40
Eicosane (C20) 57 0.2 80
Pentacosane (C25) 57 0.4 160
Trimethylphosphate 110 0.2 80
2,6-Dimethylphenol 122 0.4 160
5-Chloro-2-methylaniline 106 0.2 80
Tributylphosphate 99 0.3 120
Dibenzothiophene 184 0.03 12
Malathion 125 0.6 240
Methylstearate 74 0.3 120

*Detection Limit is defined as the concentration of analyte in solution (or weight of
analyte) which produces a signal-to-noise ratio of 10:1 for the most abundant ion in the
given analyte’s mass spectrum. For cases where background noise is approximately zero,
detection limit is defined as a signal intensity of 100 for the most abundant ion in the given
analyte’s mass spectrum.
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