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Field Portable Mass Spectrometry
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Field Portable Mass Spectrometry

Opportunities to Improve Airport
Passenger Screening With Mass
Spectrometry

I I I I NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

Committee on Assessment of Security
Technologies for Transportation, National
Research Council of the National Academies.
The National Academies Press: Washington,
D.C., 2004.

"To improve upon the trace detection
systems currently employed in airports
across the US, mass spectrometry (MS) is an
obvious candidate to consider. It has
become the gold standard for resolving high-
consequence analyses ...”

But

"Mass spectrometers have historically been
large, complex systems. ...commercially-
available chemical analysis systems...are not
designed for an environment as harsh as an
airport or other transportation arena.”

-or a battlefield, a depot perimeter, an office
building HVAC system...
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Griffin’s Portable GC/MS

- d‘--

-~~~ Cylindrical lon Trap Mass Analyzer
~1om? oz - * Easily miniaturized frap geometry
@« MS/MS capabity
=T = : :
’ i e Lower voltage, higher pressure operation
< _~ ¢ Internal electron ionization (El)

- -

N 7
Low Thermal Mass-GC
 Ramp rate 2200° C/min
e Maximum Temp 350°C
e Cooling time ~2 min
e Variety of phases
e | m-30 m standard
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Griffin’s Portable GC/MS

Minotaur 300

Minotaur 400
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Instrument Specifications:

* MS/MS capable

e Picogram sensitivity
(application dependent)

e Low thermal mass GC, SPME,
MIMS, and direct SPME sample
infroduction available

e Multi-level software conftrol

*Helium or ambient air bath gas

*Ruggedized and shock-
mounted for outside-the-lab
operation (Minotaur 400)

 Network communication
compatible




Shock Mount platform

Wire-rope isolators are used to provide shock
and vibration isolation of the most fragile
components
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Layered Software Architecture

Level 1

Level 2

QuickTune

Ready Mode

GC

simplified user interface

bk, | E?I
=
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i Daecauads

o [ scientific user

interface

fundamental
development
tool and expert

user interface
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Analysis of CW agent simulants

Separation of 9 organophosphorus pesticides | | ]
1) O,0,0-Triethyl Thiophosphate R
30 m x 0.25 mm Rtx-5MS column b )
.~
4 6 2) Thionazin ~ /~ 2
2 ) o
7 e
3) Sulfotep _S L
8 _ A
, 4 Phorate
5 N—
5) Dimethoate \o_i_sﬂo
3 o
9 6) Disulfoton jo—T'—f/
] et
7) Methyl Parathion e ©/ )
: r'&fO
14 N R l il WL"’"’ 8) Parathion \f{L k
2 4 6 8 10 12 14 % o b
. . . (L\)f /©/\\o
retention time (min) 9) Famphur A
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Analysis of CW agent simulants

MS of Peak #7
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Analysis of CW agent simulants
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Pesticide Quantitation

Analysis of CW agent simulants

Methyl Parathion 200000 1 Parathion
200000 A
y = 317554.5020x + 18347.1768 y = 269482.7262x + 15513.2492
R? = 0.9992 150000 A R?=0.9990
150000 -
% % 100000
§ 100000 - §
50000 4 50000 -
|
04 : : : : : . 0 : : : : :
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0.2 0.3 0.4 0.5
ng/pL ng/uL
Compound Limit of Detection (pg/ulL)
0,0, 0O-triethylthiophosphate 9
thionazin 21
sulfotep 45
phorate 10
dimethoate 44
disulfoton 34
methyl parathion 26
parathion 41
famphur ~1000 pg (not detected in 500 pg/uL sample)
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sis of CW agent simulants

Dimethyl methylphosphonate (DMMP) _%_o/

O.._

Chloroethyl ethyl sulfide (CEES) —~ "

2.0E+06
g 1.8E+06 -
Scan Editor - [CEESDMMP SPME 05] _ =] %] *
[ Flle Edit View Setyp Instrument Window Help == x| ® 1.6E+06 1
T s 1
DR R SHe|o @ =0 WE JH=2 » ¢
‘ = L2 1.2E+06
[Ehromatogrsm Wk 00207 448201804 03 02 562630 | j — View ©
[t IPA CEES :: Session Log g 1.0E+06 1
Temperature & gO0E+05 4
‘ / [~ Track Cursor ﬁ ’
[2m DMMP ™ Track Zoom © 6.0E+05 -
Tabbed ﬂ & y=793.54x + 73898
ifs 4.0E+05 1 #=0.988
— Mz
0 i V¥ Certraid 2.0E+05 4
filvy] i) 003 004 005 v Mizibnis | 0.0E+00
ﬂ J » IV Peak Labels 500 1000 1500 2000 2500
4000 ¥ Custom Cal [DMMP], pg/uL
[Cursor04_ 08 13 09:4T.4T.682 M:147.2 3869.54
79
3500 DMMP + Quantitation
— Filters 4.5E+05
3000 94 ¥ HNoisz
1 24 ¥ Spectra Bassline 4.0E+05 4
~
2500 :: ;aékgmu”d @ 35E+05 LOD 1 .O pg
5 3.08+05 1
2000 1
— I Comparison % 2.5E+05
§
1500 © 2.0E+05
W Cursor ® y = 174.58x + 11765
ﬁ 1.5E+05 - = 0.9962
1000 o
109 123 Q 1,0E+05 4
500 5.0E+04
0.0E+00
0 0 500 1000 1500 2000 2500
70 80 a0 100 110 120 130 140 150 [CEES], pgluL

For Help, press F1

|D\sconnemed

5th HEMS 2005




Analysis of Explosives

Separation of 14 nitrated organics
15 m x 0.25 mm Rtx-TNT1 column

1) Nitrobenzene

2) 2-Nitrotoluene

3) 3-Nitrotoluene

4) 4-Nitrotoluene

5) 1,3-Dinitrobenzene

6) 2,6-Dinitrotoluene

/) 2,4-Dinitrotoluene

8) 1,3,5-Trinitrobenzene

9) 1,3,5-Trinitrotoluene

710) RDX

11) 4-Amino-2,6-dinitrotoluene
12) 2-Amino-4,6-dinitrotoluene
13) Tetryl

[74) HMX not observed]

2
3 6
4
1 /
9
5
11
12
8
10 13
. J.l'IlL L"LL . UL L' L ' k UL__L.~
5 10 15 20 25 30

retention time (min)

35

5t HEMS Workshop 2005



Analysis of Explosives
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Analysis of Explosives
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Analysis of Explosives

Explosive separation at faster ramp rates

d 5°C/min
20°C/min
HxL | uLJ kMJ
80°C/min
(L8 — | | | | | |
5 10 15 20 25 30 35

retention time (min)

5t HEMS Workshop 2005



Analysis of Explosives
Explosive separ'g]tion at faster ramp rates
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Analysis of Explosives
Explosive separation on a 5 m Rtx-5MS column

TNT
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Column Temperature (0C)
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Detected counts &miz
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raw Counts

Plot of blanks counts compared to isoprene signal counts
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for PROPHET 2006

ing Isoprene conc
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Week one for PROPHET 2005 isoprene data via Minotaur
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Week 2 of ambient measurements, PROPHET 2005 via Minotaur
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Week 3 PROPHET Isoprene concentration via Minotaur
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Week 4 PROPHET Isoprene concentration via Minotaur
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Detected counts

Calibration curve 5 for Minotaur at PROFPHET, blank subracted, dynamic sampling, 7/20/05
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Field Study Summary

= Verified new inlet and MS system in an atmospheric
chemistry field study

= 9 calibrations, humidity blanks evaluated

=>2000 measurements (7/11/2005-8/16/2005, off and
on)

=14 days with 24 hr coverage, 7 days with partial
coverage

= [soprene concentrations between <70 ppt (LOD) and
>8 ppb

= Potential for intercomparison with other techniques
such as FIS, DEA and PTRMS



Direct SPME

Direct Inject SPME
SPME fiber is directly inserted into
the vacuum chamber for rapid desorption

Max temp 300°C
Replaceable septum with no
vacuum vent
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Direct SPME

Direct SPME analysis of DMMP, headspace sampling of neat compound
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Direct SPME

Direct SPME analysis of DEEP, headspace sampling of neat compound
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Direct SPME

Direct SPME analysis of TEP, headspace sampling of neat compound
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Direct SPME analysis of TNT, headspace sampling 100 ng/uL solution
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Conclu Sjm ~

. Nw GC/MS instruments based on LTM-GC and
CIT mass analyzer provide:

» Small footprint, ruggedized package for field use
» Rapid separation of complex mixtures

» MS analysis with good database matching (NIST and
user-defined) for compound ID, MS/MS for ID
confirmation

» Quantitation to low pg (ppt-ppb) levels without
preconcentration

» Complementary sample inlets are also available
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