Detecting explosive vapors in large volume freight: Experience learned from
a year of sampling from the atmosphere and maritime cargo
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OVERVIEW
SEDET’s vapor explosive detector ACES 2.1 based on a triple quadrupole mass spectrometer
has demonstrated the capability to sense gas phase species present in the atmosphere at
concentrations below 0.1 ppq (10-16 atmospheres) in some cases (COLUMN 1). This lower
detection limit (LDL) is not set by the finite sensitivity of the analyzer, but by competition from
other interfering vapors (with the same ion parent and fragment masses as the target
explosive) also present in ambient air at ~0.1 ppq. However, almost no information is available
on ambient contaminants that would interfere with explosives at this tiny abundance.
To fill this gap, we have In view of the very limited information available on background vapor
variability on the mass channels used for explosives (EGDN, Nitroglycerin, PETN, RDX, TNT,
DNT) at the tiny concentrations of interest, we have collected and analyzed through much of
the year hundreds of blank samples in two locations in Spain. One was outdoors, at the rural
Castilian site of Boecillo (Valladolid). The other location was in the northwestern industrial
port city of Vigo, both in the open air and inside ~70 m3 maritime containers. Work with
containers was carried out in collaboration with the Spanish Guardia Civil and the Port of Vigo.
Briefly, 0.6 m3 of ambient air is collected on a sampling filter, and later released via variable
temperature thermal desorption into a low flow SESI ionizer (Cl- produced by electrospraying)
leading to an ion mobility filter (SEADM’s P5 DMA) followed in series by a triple quadrupole
filter (Sciex API 5500). We have drastically reduced the number of interfering vapors by
differentiating between mass isomers beyond the resolution of the mobility analyzer. This is
achieved via Gaussian deconvolution by scanning over a finite mobility region several percent
above and below that of the target explosive.
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performance (10-4 vapor ionization efficiency,1 1% ion transmission and detection efficiency,2 and
10% vapor capture efficiency in a vapor collector filter (see below), 2700 ion counts are still
available for detection of a species present in the ambient at 0.1 ppq. Modern mass spectrometers
therefore do have the sensitivity required to probe the atmosphere not just at 0.1 ppq, but even at
10-3 ppq. The fundamental limitation at 0.1 ppq is therefore not sensitivity, but resolution: The
ability to distinguish a specific vapor from millions of other competing vapors also present in the
ambient at comparable concentrations.

ATMOSPHERIC INTERFERENTS ON EXPLOSIVE
MASS CHANNELS

Table 1: Settings for the triple quadrupole analysis of the explosives monitored.
Explosive EGDNb NGc PETNd RDXe TNTf DNTg
m1 (Da)
187
262
351
287
226
181
+5
m2 (Da)
62
62
62
46
46
46
Precursor EGDN-Cl- NG-Cl- PETN-Cl- RDX-Cl- TNT- DNT-+4
Fragment NO3 +3NO3NO3NO2- NO2- NO2a
b
c
d
a 2,3-dimethyl-2,3-dinitrobutane.
c
d
2,3-dimethyl-2,3-dinitrobutane.
EthylenebEthylene
glycol dinitrate.
Nitroglycerin.
Pentaerythritol
glycol
dinitrate.
Nitroglycerin.
f
g
tetranitrate. e 1,3,5-Trinitroperhydro-1,3,5-triazine.
Trinitrotoluene.
2,4-dinitro benzene
e
f

Pentaerythritol tetranitrate. 1,3,5-Trinitroperhydro-1,3,5-triazine.
g 2,4-dinitro benzene
Trinitrotoluene.
Atmospheric scientists have long monitored open air for the presence of an incredibly large number
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INCREASING DMA-MSMS RESOLUTION
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Figure 1: SEDET’s cargo screening concept
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Figure 2: Schematic of the analyzer

100

200

300

400

500

+5

600

Fig. 6: Sensitivity of the detector in a clean environment. Note a clear
ability to detect 5 fg of RDX. The slope of 16.5 ion counts per pg
corresponds to an conversion efficiency of 0.6 10-5 counted ions per
deposited RDX molecule
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Figure 7:Summary of the mean voltage displacement and peak
height for interferent peaks found via Gaussian deconvolution
in the NG46 channel. Each datum corresponds to one
deconvoluted peak in one sample, from hundreds of
atmospheric analyses in Boecillo, displaying a major
contaminant at 50 volt, and minor peaks at 20 and -25 volt.
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Figure 8: Histogram form of Figure 7, integrating the data in over 5V intervals,
reproduced at two different vertical scales (ppq),
DISCUSSION: Although Figures 7-8 appear to represent several peak shapes,
this is not real since each datum stands for the mean voltage of a single mobility
peak in the raw spectra of Figure 1. The finite width of these distributions is due
to ~10 V inaccuracies in the voltage determination (HV source imprecision and
Gaussian fitting error). Hence, there are only a few interfering peaks in each
sample. The same conclusion is derived from analysis of all other explosive
channels investigated

CONCLUSIONS
We have investigated with unprecedented sensitivity and resolution
the interferents appearing in several explosive channels selected by a
triple quadrupole filter.
(i) Within the narrow mobility interval investigated, several resolvable
peaks are found in the ambient, one of which at least is typically much
stronger than the background at the mobility of the explosive. Mobility
separation is accordingly vital to exclude this high background and
bring the LDL down to 0.1 ppq.
(ii) The number of resolvable interferents present is always just a few.
(iii) Their mobilities are precisely reproduced from day to day, both in
Boecillo and in Vigo. Therefore, even though interferent signal
intensities vary widely with time and location, they appear to be
common species widely distributed through the globe.
(iv) In Vigo, open air interferents have mobilities indistinguishable from
those in Cargo containers.
(v) The concentrations of interferent vapors found inside and outside
cargo containers in Vigo are similar.
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