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1. Executive Summary

A workshop focusing on the effects of the properties of explosives residues, 
traps and substrates (surfaces holding trace explosive residues in air trans-
port environments) on contact sampling was held at Northeastern University 
(NEU) in Boston on August 13-14, 2014. This workshop was the irst in a se-
ries dealing with the development of a roadmap for organizing the commu-
nity’s understanding of contact sampling during trace explosives detection.  
The workshop was titled Trace Explosives Sampling for Security Applications 
(TESSA).  
The topic of contact sampling was chosen for the workshop in order to sup-
port the Department of Homeland Security’s (DHS) objective of improving the 
performance of existing technologies. Historically, the trace detection com-
munity has devoted substantial resources to the improvement of ion mobility 
spectrometry (IMS) for residue detection.  Each IMS apparatus is compatible 
with a different type of trap, and as such the performance of the spectrom-
eter is coupled with the performance of the trap in a way that is dif icult to 
separate.  It is not possible to detect a residue unless that residue is delivered 
to the IMS.  For this reason, the irst step in developing a comprehensive un-
derstanding of the limitations of IMS-based trace detection is understanding 
contact sampling.
The topics that were addressed at the workshop are as follows: 

• State of the art in understanding the effects of explosives residues on 
contact sampling.

• Challenges associated with residues in contact sampling.
• State of the art in understanding the effects of traps on contact sam-

pling.
• Challenges associated with traps in contact sampling.
• State of the art in understanding the effects of substrates on contact 

sampling.
• Challenges associated with substrates in contact sampling.

The key indings from the workshop, per the editors of this report, are as fol-
lows:

Traps -   

• Desirable properties:
 ○ Rough or smooth,
 ○ Porous or not,
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 ○ Conductive or dielectric,
 ○ Hard or soft,
 ○ Complementary to substrates and
 ○ High or low elastic modulus.

• Texwipe is the irst choice of a model trap to be studied.
 ○ http://www.texwipe.com/products/swabs/ 

• Metal mesh is the second choice model trap.

Substrates - 

• Properties to be measured or controlled:
 ○ Surface energy,
 ○ Roughness,
 ○ Hardness and
 ○ Elastic modulus.

• Acrylonitrile butadiene styrene (ABS) plastic – expensive.
• Aluminum with clear coat.
• Aluminum with a inish and without clear coat.

Residues - 

• Desirable to work with a residue that deforms on a surface and one 
that does not.

• Important to consider safety of residues.
• Residues must be easy to detect by orthogonal method.
• Residues must be readily and reproducibly deposited.
• Questions to be answered:

 ○ Should the residue be deposited at centralized location and dis-
tributed already on substrates?

 ○ Should the residue be shipped and deposited at site using repro-
ducible method?

 ○ How can we ensure that the residue is reproducible on substrate?
• Pure RDX is the irst residue.
• Compounded RDX (with binders and sebum) is the second resi-

due.

The next TESSA workshop will continue to address contact sampling. The top-
ics that should be discussed include further re inement of the model materi-
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als that will serve as the basis of the roadmap, in addition to the methods for 
evaluating the materials and their effects on contact sampling.
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2. Disclaimers

This document was prepared as an account of work sponsored by an agency 
of the United States government. Neither the United States government nor 
Northeastern University nor any of their employees makes any warranty, 
expressed or implied, or assumes any legal liability or responsibility for the 
accuracy, completeness, or usefulness of any information, apparatus, prod-
uct, process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any speci ic commercial product, process 
or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation or favoring 
by the United States government or Northeastern University. The views and 
opinions of authors expressed herein do not necessarily state or re lect those 
of the United States government or Northeastern University, and shall not be 
used for advertising or product endorsement purposes.
This document summarizes a workshop at which a number of people par-
ticipated by discussions and/or presentations. The views in this summary are 
those of ALERT and do not necessarily re lect the views of all the participants. 
All errors and omissions are the sole responsibility of ALERT.
This material is based upon work supported by the U.S. Department of Home-
land Security under Award Number 2013-ST-061-ED0001. The views and 
conclusions contained in this document are those of the authors and should 
not be interpreted as necessarily representing the of icial policies, either ex-
pressed or implied, of the U.S. Department of Homeland Security. 
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3. Introduction
In concert with the Explosive Division (EXD) of DHS Science & Technology 
Directorate (S&T), the trace explosives detection community (the ‘Trace Com-
munity’) has identi ied contact sampling effectiveness as an area of critical 
concern that limits the development of improved detection capability for use 
in air transportation environments. These improved capabilities include an 
ability to assess a larger number of threat categories, lowered false alarm 
rates, lowered threat masses required for detection, increased throughput 
and reduced total operating costs, all at a constant or increased probability 
of detection. The Trace Community has invested heavily in improvements to 
detection technology, especially IMS technology, without consideration of the 
effectiveness of contact sampling at capturing samples to deliver to these im-
proved IMS systems. As a result, it is unclear that the investment in IMS is 
properly leveraged, and the true limitations to contact-sampling based detec-
tion are unknown. By convening the Trace Community in a shared effort fo-
cused on understanding the aspects of the traps, substrates and residues that 
control sampling effectiveness, it is expected that the community will produce 
a comprehensive description of our understanding of the state-of-the-art in 
contact sampling, including speci ically identifying the aspects of contact 
sampling that require additional research. To synthesize this understanding 
and to enable the necessary research, support in the form of a task order will 
be pursued through the DHS-sponsored Awareness and Localization of Explo-
sives-Related Threats (ALERT) Center of Excellence.
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4. Discussion
4.1    Objectives
The objective of the workshop was to explore contact sampling in air trans-
portation environments. The issues that were addressed centered on the fol-
lowing points:

• State of the art in understanding the effects of explosives residues on 
contact sampling.

• Challenges associated with residues in contact sampling.
• State of the art in understanding the effects of traps on contact sam-

pling.
• Challenges associated with traps in contact sampling.
• State of the art in understanding the effects of substrates on contact 

sampling.
• Challenges associated with substrates in contact sampling.

The purpose of this section is to synthesize the discussion and recommen-
dations in response to these and related questions that surfaced during the 
discussion.

4.2    State of Understanding: Traps 
Trap-based contact sampling evolved from cleaning technology.  We have 
honed our ability to understand where to clean/swab, but have not optimized 
our ability to know how to swab.  Aspects of a number of cleaning approaches 
may be relevant to this problem.  For example: 

• Sandblasting, water jets
 ○ Effectively removes all contamination from surfaces. 

 ○ Too aggressive – damage surfaces.

 ○ Too messy.

 ○ Able to interrogate rough features on surfaces.

• Mopping or moist wipes
 ○ Surface tension of water drops pulls residue off surfaces.
 ○ May partially dissolve residue.
 ○ If absorbed by residue, changing its mechanical properties and 

allowing partial/complete removal.
 ○ May displace residue from surface.
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 ○ IMS generally incompatible with water in large amounts.
• Chemically-enhanced wipes

 ○ May provide same bene its as moist wipes without being incom-
patible with IMS.

 ○ Dif icult to use in commercial setting due to cost and vapor ac-
cumulation in local environment.

• Brush/mechanical agitation combined with vacuum residue capture 
 ○ Generally employs foam/cleaning agent.
 ○ Concerns about recovering dislodged residue from brush.
 ○ Vacuum alone ineffective – agitation needed.
 ○ Concerns about foam/cleaning agent and IMS.

• Thermal desorption with vacuum collection
 ○ Concerns about thermal damage to surfaces.

There is evidence that swabbing using wet traps yields improved sample cap-
ture ef iciency over that obtained using dry traps.  In this case, ef iciency is 
de ined as:

              (1.1)

In the case of contact sampling of dry-transferred RDX from automobile hood 
coupons, single-swipe ef iciency improved by a factor of ~ 2.5 when IPA-wet-
ted traps were used compared to when dry traps were used (Ionscan 400B 
traps), and there was no statistical difference in the performance of IPA-wet-
ted Ionscan traps compared to prepackaged, commercial IPA swipes.  When a 
swipe was applied 8 times to the same residue, the ef iciency of wet Ionscan 
swipes was a factor of  ~ 2 better than of dry swipes, while prepacked, com-
mercial IPA swipes showed ef iciencies that were a factor of ~ 2 - 2.1 higher 
than those shown by the dry swipes.  When C-4 was dry-transferred to the car 
hood substrates using the method shown above, the sampling ef iciency with 
IPA-wetted Ionscan 400B traps was comparable to that achieved with the RDX 
residues.  It is important to note that the dry-transferred C-4 is likely not in 
the same conformation as one would encounter with a C-4 residue from a 
terrorist ingerprint, as the dissolution of the C-4 compound and subsequent 
reconstitution of a solid from the solvent will likely not yield a residue with 
the same structure and distribution of molecular species as the original com-
pound. When IPA-moistened traps were used to extract TNT, NG (from smoke-
less powder), and NG (from dynamite) that had been dry transferred to car 

Sampling efficiency

Mass on swipe from coupon 
Initial mass on Bytac strip Mass on swipe from used Bytac strip
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hood substrates, sampling ef iciencies of ~45% (NG from smokeless powder), 
~58% (TNT), and ~75% (NG from dynamite) were obtained.  In general, the 
variation from the mean ef iciency was between 10 and 20% when replicate 
swiping experiments were performed.  Such variation occurred within sam-
pling results derived from the same sampler, and between results derived by 
different samplers.  These variations may originate in non-uniformly depos-
ited residues, in non-uniform swipes, or in non-uniform swiping methods.  
They also may originate in irreproducible sample handling.  Such issues re-
quire further study before they can be fully quanti ied.  
In a related study at NIST, it was shown that COTS traps with adhesive af ixed 
showed dramatic improvement in the collection ef iciency of polystyrene 
spheres from textured vinyl, smooth vinyl, canvas, nylon and cardboard com-
pared to the same traps in the absence of af ixed adhesive.  This con irms that 
when traps are able to contact a residue of interest, anything that increases 
the adhesion between the traps and residues will increase the collection ef-
iciency.

In addition to the traps themselves, there are critical aspects of the swabbing 
process that must be considered.  For example:

• Redeposition of residue
 ○ Captured residue can be lost to surface when trap moves over 

uncontaminated surface.
 ○ Leads to standard swabbing pattern and downforce.

• Uniformity of pressure during swabbing
 ○ Outside an optimal ‘window’ trap collection ef iciency drops.
 ○ Forces use of ‘wands’ with force feedback.
 ○ Mandates agitated vacuum for cases where substrate is soft and 

will bend under load.
Finally, in addition to the contact sampling and the traps themselves, it is im-
portant to understand the performance attributes of the traps overall.  Key 
aspects include: 

• Thermal properties
 ○ Stable up to T > 200 °C.

• May be as high as ~ 250 °C or as low as ~ 180 °C.
 ○ High thermal conductivity (k) for rapid sample desorption.

• Mechanical properties
 ○ Surface inish robust to multiple uses.
 ○ Mechanical properties not in luenced by thermal cycling in IMS.
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 ○ Mechanical properties not in luenced by dragging across surfaces 
under 1-3 lbs load.

• Chemical properties
 ○ Must not release background contamination in IMS.
 ○ Must release residue in desorber of IMS.

• Cost is a driver
 ○ Current cost $0.015/sampling event.

Based on these considerations as outlined above, an ideal trap likely has the 
following characteristics:

• Rough but not abrasive.
• Flexible locally and globally.
• Adsorbs/absorbs explosives vapors in reversible manner.
• Thermally, chemically, mechanically stable.
• Uses solvent that is IMS-compatible, if possible.

4.3    State of Understanding: Residues
Explosives residues come in two forms: refractory particulates generally as-
sociated with pure component explosives, and deformable compounds asso-
ciated with energetic species that have blended with binders such as C-4 and 
Semtex. These materials demonstrate a wide range of chemical, mechanical 
and thermal properties, making them dif icult to collect and detect using one 
standard method.  Typical variations include:

• Melting point
 ○ Varies from  -22 (EGDN) to 610 °C (KClO4).

• Vapor pressure varies over 12 orders of magnitude.
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These variations indicate that the residues of concern may be just as likely to 
be vapor as particulate solid during sampling.  For example, it was not pos-
sible to study contact sampling of EGDN due to its high volatility.  Relatively 
few, if any, studies have been conducted to assess the mechanical properties of 
the different residue types.  Compounds such as C-4 and Semtex demonstrate 
mechanical behaviors that are driven by their binders.  This causes them to be 
exceptionally viscous, shear-thinning, and non-Newtonian.  Under load, they 
fail by neither a brittle nor a plastic mechanism, but they demonstrate char-
acteristics of both failure modes.  This means that when they are deposited 
on surfaces they will tend to slowly relax to ill the topography of the surface.  
The extent to which this illing will be complete depends on the topography of 
the surface, the size and shape distribution of the solids in the explosive com-
pound, the fraction of the compound comprised of solids, the temperature, 
any applied load on the residue and the relaxation time allowed for the illing.
Another issue that impacts the behavior of residues towards both traps and 
surfaces is the presence of contamination on either of these surfaces.  Such 
contamination likely occurs in the form of sebum soil, which is the common 
term for a mixture of skin oils and other species found in ingerprints, and 
environmental contamination which could vary widely depending on the lo-
cal CONOPS.  From the perspective of residue capture during contact-based 
sampling, the key aspects associated with sebum soil are: 1) it will behave as a 
viscous liquid, holding residues against surfaces based on capillary forces that 
bridge the residue and the surface; and 2) it may act as a lubricant, preventing 
the close contact between the residue and the surface (and therefore lower-
ing the adhesion force) and facilitating the motion of the residue across the 
surface in response to an applied load such as that applied by a trap.
A challenge associated with improved characterization of residue interactions 
with substrates and traps is centered on the challenges associated with creat-
ing a reproducible residue.  This is particularly true in the case of compounded 
residues.  Another challenge is associated with the methods by which residue 
removal from surfaces is assessed.  When contact-based recovery methods 
are employed, a number of confounding phenomena emerge, including rede-
position or redistribution of residue on the substrate, irreversible binding of 
residue on the trap or wipe and sample loss during transfer of the trapped 
residue to the IMS.  These confounding effects may result from the topography 
of the substrate, residue or trap; from the method of contact sampling; from 
the physical properties of the trap or residue; and from the handling proto-
cols.  As a result, precise evaluation of residue behavior is dif icult to accom-
plish.  Dry transfer of explosives to create residues for study occurs as follows:

• Deposit a known quantity of explosive dissolved in solvent on a Bytac 
strip.
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• Allow the solvent to evaporate for a pre-determined amount of time.
• Transfer the explosive residue from the Bytac to the substrate of 

interest by wiping the Bytac over the substrate.
It is appropriate to develop a statistically-relevant description of the effective-
ness of the transfer by assessing, over multiple transfers at nominally identi-
cal conditions, the quantity of residue remaining on the Bytac and by per-
forming extraction studies on the substrate (i.e., close the mass balance).  If 
the residue transfer process is performed in a suitably reproducible manner, 
then the statistics from the transfer study can be used to characterize the resi-
due on the surface when dry transfer is used to prepare samples for contact 
sampling experiments.

4.4    State of Understanding: Substrates
The topography and mechanical and chemical properties of the surface of a 
substrate signi icantly affects the effectiveness of a contact sampling process 
executed on that substrate.  Data on the effectiveness of sampling from either 
cardboard or plastic substrates included the effects of pressure and trap type 
on the sampling ef iciency using two model explosives, EMVP, which is similar 
to TNT, and ELVP, which is similar to PETN.  These studies evaluated recovery 
of the explosive residue at discrete applied collection downforce using differ-
ent OEM-speci ic traps.  Residues were deposited using dry transfer methods.  
In the case of the EMVP residues, the recovery of residue was better from 
the plastic than from the cardboard at all pressures (~ 50 – 2000 g), and for 
all trap types (IonScan 400B, 500DT; Itemiser 2, DX).  Further, recovery from 
the plastic increased monotonically with increasing pressure.  In the case of 
the cardboard, there was generally (not always) an increase in recovery with 
increasing pressure, but the effect was much less pronounced than in the case 
of the plastic.  This suggests that there was a complex interaction between the 
topography of the trap, the topography and deformation of the substrate, and 
the geometry, topography, adhesion and mechanical properties of the residue.  
In the case of the ELVP residues, it was not clear that residue recovery was 
improved from either of the two substrates at the conditions studied.  In some 
cases, recovery was more complete from the plastic, while other cases yielded 
more complete recovery from the cardboard, and yet other conditions re-
vealed comparable recovery from both substrates.  In general, the variation in 
recoveries for a given trap was higher for the ELVP than for the EMVP.
In a related study, the effect of surface topography on the transfer of residue 
to the surface and the subsequent recovery of residue from the surface was 
employed.  In this case, both idealized (polystyrene spheres) and more realis-
tic (RDX) residues were employed.  When using the idealized residues, the re-
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sults above were con irmed: there was a strong link between the topography 
of the substrate, the size of the residue (spheres) and the collection ef iciency.  
In this case, the substrates were vinyl with textured (RMS roughness ~ 4.0 mi-
crons) and smooth (RMS roughness ~ 0.2 microns) topography.  Spheres with 
diameters of ~ 10 and ~ 40 microns were employed.  These studies showed 
a substantial increase in collection ef iciency of the large spheres compared 
to the small spheres on both vinyl substrates.  This indicates that the larger 
cross-sectional area of the larger spheres presented a larger target for inter-
action with the approaching traps than in the case of the smaller spheres, and 
that this effect dominated the collection.  Further, the collection ef iciency was 
larger on the rough substrates than on the smooth ones.  To explain this result, 
one must recall that the spheres had radii that were on the order of 10 or 40 
microns, compared to roughness features that were on the order of 0.2 to 4 
microns.  In this circumstance, the spheres largely rest ‘on top’ of the rough 
features on the substrates.  The substrate roughness reduces the mass in inti-
mate contact at the sphere-substrate interface, thereby reducing the sphere-
substrate adhesion force.  
An aspect of the substrate effect on residue removal, which also in luences 
the creation of standard residues for contact sampling method development, 
is the friction between a trap (or deposition surface) and the substrate during 
deposition or sampling from that substrate.  In a study involving 4 substrates 
of varying RMS roughness (vinyl countertop, synthetic leather, PVC id card, 
and brushed stainless steel - #4 inish), roughness (RMS roughness) ranging 
from ~ 0.05 to ~ 8 microns was observed.  When frictional forces between 
Bytac and these substrates were measured against under a 550 gram load, 
the forces were seen to track closely the roughness of the substrates, with 
the exception of the PVC.  The PVC was smoother, by ~ 1 – 2 orders of magni-
tude, than the other substrates, but the measured friction was intermediate 
between that observed on the other substrates.  In this case, while the interac-
tion between rough features on the Bytac and substrate may have been con-
trolling in the case of the vinyl, synthetic leather and steel, the more intimate 
contact, and correspondingly stronger adhesion between the Bytac and PVC, 
may have controlled the measured friction in this case.  One can imagine that 
the residue experiences these same frictional forces when caught between the 
substrate and a moving trap, and that these forces will in luence the effective-
ness of the sampling.
Another aspect of the substrate topography is the effect of the hardness and 
‘grain’ of the substrate on the deposition and recovery of residues.  When RDX 
residue particles were dry-transferred onto synthetic leather, with its micro-
scopically random topography, the residue particles were randomly depos-
ited and many retained their initial size and shape (some broke into multiple 
pieces).  On the other hand, when similar residues were dry-transferred onto 
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brushed stainless steel, the residue particles generally broke into smaller 
pieces which deposited along linear features (at the leading edge of elevated 
features or in valleys).  When the residues were transferred onto softer sub-
strates with somewhat larger feature roughness than the steel (vinyl coun-
tertop with RMS roughness ~ 2.5 microns compared to ~ 1 micron), multiple 
deposition passes were required to achieve deposition, and the deposition ef-
fectiveness was only 60 – 80% as effective as on the steel.  In both cases, the 
residue particles fractured extensively.  This suggests that the large residue 
particles were able to cause the vinyl countertop to deform until these parti-
cles broke.  Following breakage, the smaller particles were effectively sheared 
off of the Bytac by the countertop material, in the same way that they were re-
moved by the steel.  By comparison, when the transfer between the Bytac and 
synthetic leather (softest substrate, RMS roughness ~ 8 microns) was consid-
ered, transfer ef iciencies approaching that of the steel were observed, with 
less particle breakage.  This suggests that, in this case, the residue particles 
encountered large features on the leather that sheared them from the Bytac 
without applying enough normal force to induce residue breakage.  Interest-
ingly, in the case of the PVC (RMS roughness ~ 0.05 microns), virtually no dry 
transfer was observed until the substrate was roughened by chemical treat-
ment.  This implies that the presence of features of suf icient height to shear 
the residues from the Bytac results in deposition.  The residues are formed by 
solution casting on the Bytac, producing residues with a high degree of inti-
mate contact with the Bytac and a correspondingly high adhesion.  To trans-
fer any of this residue to a substrate in a wiping motion, the adhesion to the 
substrate must exceed that with the Bytac, which is dif icult due to the lack 
of intimate contact, or a shearing feature must be present on the substrate to 
dislodge the residue as it passes.
When the effect of orientation to grain was evaluated for sampling purposes, it 
was determined that RDX residues were recovered with virtually no ef iciency 
(no alarms using COTS traps, IMS) when the sampling wand was moved across 
a textured steel surface in a path perpendicular to the grain of the brush pat-
tern, while virtually 100% recovery (100% alarm rate using COTS traps, IMS) 
was demonstrated when sampling was performed in a motion path that was 
parallel to the grain of the substrate.  This is in opposition to the studies for 
residue deposition.  Once the residue is deposited by contacting a shearing 
plane on the steel, it will not be removed by pushing it against the shearing 
plane.  On the other hand, moving the residue along the shearing plane while 
in intimate contact with the trap dramatically increases the likelihood of resi-
due displacement from the substrate and capture by the trap.
These results suggest that there is an inescapable coupling between the prop-
erties of the residue (size, mechanical properties, adhesion force), the sub-
strate (topography, mechanical properties), and the traps (topography, me-
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chanical properties).  This coupling makes it very dif icult to de ine a single 
model system or set of systems that de ine the entire residue recovery spec-
trum, and are indicative of the kinds of uncertainties that lead to seemingly 
con licting results when it comes to identifying ‘best’ traps or residue sam-
pling conditions.  When varying relative humidity and temperature are con-
sidered, the sampling challenge becomes even more complex, as these may 
affect the mechanical and adhesion properties of all materials involved in resi-
due recovery.

4.5    Outcomes: TESSA01 Workshop
Following the completion of the 1day TESSA01 workshop, a leadership team 
met to try to de ine model residues, traps and substrates around which to 
synthesize efforts to create a contact sampling roadmap.

4.5.1  Traps: Preliminary Choices for Roadmap

The preliminary trap materials chosen as the basis of the roadmap included 
Texwipes (http://www.texwipe.com/products/swabs/) and stainless steel 
mesh.  
Texwipes were selected because they are ibrous, but with a consistent chemi-
cal composition and well-de ined fabrication methods.  This suggests that it 
may be possible to de ine reasonably accurately and reproducibly the surface 
topography and mechanical properties of these organic trap materials.  It also 
suggests a consistent chemical background and set of mechanical properties 
that will be manageable if/when standard methods are employed to investi-
gate trap effectiveness with these materials.  Finally, their reproducible or-
ganic nature should present one surface energy and may allow for chemical 
modi ication, if it is deemed appropriate for future studies.
Stainless steel was selected because it will offer a consistent, yet very differ-
ent, topography and set of mechanical properties from the Texwipe.  In addi-
tion, it should have a uniform surface energy and a topography that will be 
unique and quite different from the Texwipe.
In short: Texwipe is soft, lexible, uniform, capable of removing residue via ad-
hesion or entanglement (and perhaps dislodging for weakly held residue) and 
capable of interrogating features on a surface.  Stainless steel is hard, in lex-
ible, uniform, capable of removing residue primarily by dislodging and adhe-
sion and likely incapable of interrogating features on a surface.

4.5.2  Substrates: Preliminary Choices for Roadmap

The preliminary substrates chosen as the basis of the roadmap include ABS 
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plastic, aluminum with clear coat inish and aluminum without clear coat in-
ish.  These materials offer a range of roughness that can be controlled and 
characterized accurately, a range of surface energies and hardness, a range 
of adhesion forces against residues and consistent chemical and mechanical 
properties.  A limitation of these choices is that none involve a fabric or i-
brous material.  This was intentional, as these materials offer such a complex 
range of entanglement and deformation characteristics that it was considered 
unlikely that they could yield valuable insight into the mechanisms of contact 
sampling, at least not in this Generation 1 investigation.

4.5.3  Residues: Preliminary Choices for Roadmap

The preliminary residues selected as the basis for the roadmap include RDX 
and RDX compounded with binders and/or sebum oil.  These materials have 
the same energetic material (RDX) and as such can be detected/quanti ied 
reproducibly.  The RDX is hard, crystalline, offers reproducible composition 
and particle size distribution, offers reproducible mechanical properties and 
it is well characterized.  The compounded RDX is representative of many com-
pounded explosives of great interest in air transportation security.  It also is 
much softer, will have reproducible composition and particle size distribution 
(or can be made to be that way), will have reproducible mechanical properties 
(although very different from the crystalline RDX) and will be well-charac-
terized.  The mechanisms by which these materials will be deposited during 
studies will be different, as will the controlling processes during their removal 
from substrates during contact sampling.  As such, they represent limits of the 
expected behavior of residues of interest in air transportation security.
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5. Next Steps
The next steps in this work are as follows:

• Disseminate this report amongst the various community stakehold-
ers.

• Acquire the model materials and begin to characterize them.
• Bring the community together in the spring of 2015 to review the 

progress of the characterization and con irm that these are the appro-
priate roadmap materials.

• Engage the community in collecting its prior experience on contact 
sampling for the creation of a literature review on the topic.

• Develop an experimental and theoretical matrix of work to be per-
formed to ill in the knowledge gaps identi ied in our literature review.

• Prepare and submit a task order request to DHS through the ALERT 
COE to provide inancial support for the planned work.
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8. Appendix: Notes

This section contains miscellaneous notes about the workshop itself and the 
inal report.

1. The timing in the agenda was only loosely followed because of the amount 
of discussion that took place during the presentations and to allow for ad-
ditional times for participants to network.

2. Some of the presenters edited their material (mainly redacted informa-
tion) after the workshop.

3. The minutes were edited for purposes of clarity. All errors in the minutes 
are due to the editors of this report and not due to the speakers them-
selves.  Minutes were only recorded during the question and answer pe-
riod for each presentation.

4. PDF versions of the presentations from this workshop can be found at 
the following link: https://my iles.neu.edu/groups/ALERT/TESSA/TES-
SA01/ 
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9. Appendix: Agenda
9.1 August 13, 2014 

TIME TOPIC SPEAKER AFFILIATION
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8:30 Welcome and Introduction - ALERT Michael Silevitch ALERT / NEU

8:35 Welcome and Introduction - DHS Matthew Clark
Laura Parker

DHS

8:45 Overview, Goals and Scope Steve Beaudoin ALERT/Purdue

8:50 Summary of Prior Sampling 
Workshops

Richard Lareau DHS

9:10 State of the Art in Contact Sampling 
Media

Reno Debono Smiths Detection

9:40 Challenges Associated with Media in 
Contact Sampling

David Fine GeNO

10:00 Break

10:15 Group Discussion: Identify 2 
Reference Traps and Key Trap 
Characteristics 

Steve Beaudoin ALERT/Purdue

11:55 Lunch

12:30 Effects of Substrate Properties on 
Contact Sampling Effectiveness

Jennifer 
Verkouteren

National Institute 
of Standards and 
Technology 

1:00 Challenges Associated with Substrate 
Properties During Contact Sampling

Elaine Jappinga DHS

1:20 Group Discussion: Identify 2 
Substrates and Key Substrate 
Characteristics 

Steve Beaudoin ALERT/Purdue

3:00 Break

3:15 Residue Effects on Sampling 
Effectiveness

John Parmeter Sandia National 
Laboratories

3:45 Challenges Associated with Residue 
Properties During Contact Sampling

Polly Gongwer DHS

4:05 Group Discussion: Identify 2 
Reference Residues and Key Residue 
Characteristics

Steve Beaudoin ALERT/Purdue

5:45 Wrap-Up Steve Beaudoin ALERT/Purdue

6:00 Reception
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9.2 August 14, 2014 - Leadership Group Meeting

TIME TOPIC SPEAKER AFFILIATION
8:00 Continental Breakfast

8:25 Overview of Goals and Scope Steve Beaudoin ALERT/Purdue

8:30 Discussion & Decision to 
Reference Sampling Media

David Atkinson Paci ic Northwest 
National Laboratory

9:30 Break

9:45 Discussion & Decision to 
Reference Substrates

Steve Beaudoin ALERT/Purdue

10:45 Discussion & Decision to 
Reference Residues

Richard Lareau DHS

11:45 Summary and Next Steps Steve Beaudoin ALERT/Purdue

10:15 Lunch

Note: The timing in the agenda was only loosely followed due to the amount of discussion that 
took place during the presentations and to give additional time for participants to network.
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Ph.D. in analytical chemistry from Washington State Univer-
sity, under the advisement of Herb Hill.  He has worked in trace 
chemical detector development in the DOE National Laborato-
ry complex over the last 21 years, with a speci ic emphasis on 
explosives detection. He has participated in all aspects of R&D 

on explosives detection, from performing fundamental research, to doing test-
ing/evaluation, to deploying equipment in the ield and training end users. 
He has worked for decades with the Federal Aviation Administration (FAA) 
and then the Department of Homeland Security (DHS) on applying detection 
instrumentation to aviation security. He was the co-chair of the 2011 Gordon 
Research Conference on Detecting Illicit Substances and is a co-founder and 
co-chair of the annual Trace Explosives Detection Workshop.

Stephen Beaudoin
Stephen P. (Steve) Beaudoin is a Professor in the School of 
Chemical Engineering at Purdue, where he also serves as the 
Interim Associate Vice Provost for Academic Affairs.   Dr. Be-
audoin has won the Faculty Early Career Development Award 
from the National Science Foundation, and has been named 
a Purdue University Faculty Scholar and a Purdue University 
Provost Fellow for Student Success.  He has won numerous 
teaching and mentoring awards, including being the inaugural 

recipient of the Purdue University Student Government Teaching Excellence 
Award. Dr. Beaudoin’s areas of research interest are focused on particle and 
thin ilm adhesion, with emphasis on  explosives detection and in microelec-
tronics, food, and pharmaceutical manufacturing.  Dr. Beaudoin received his 
Bachelor of Science degree from MIT in 1988, his Master of Science degree 
from the University of Texas at Austin in 1990, and his PhD from North Caro-
lina State University in 1995.  All of his degrees are in Chemical Engineering.



Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

26

Reno DeBono
Dr. Reno DeBono received his B.Sc. in Chemistry, and his 
Ph.D. in Chemical Sensors from the University of Toronto. 
He the Director of Chemistry and Applications at Smiths 
Detection. Dr. DeBono has over 20 years of applied re-
search and development experience in the area of trace 
explosive, narcotic, CWA and TIC detection. In his career, 
Dr. DeBono has been heavily involved in the design, and 

development of many of the trace chemical detectors that are currently used 
in the ield ranging from the IONSCAN, Sabre, Centurion platforms and Multi-
Mode Threat Detector.

David Fine
Dr. David H. Fine obtained his Ph.D. from Leeds University 
in the UK in 1967, with a thesis entitled Spontaneous Igni-
tion and Thermal Explosions.  He was Associate Director 
of the Combustion Laboratory of the Chemical Engineer-
ing Department at MIT from 1969 to 1972 after which 
he was employed at Thermo Fisher until 2000. He then 
founded CyTerra in 2000 and GeNO in 2006. 

At Thermo, he developed instrumentation and sampling methods for the ultra 
trace detection of carcinogenic N-nitrosamines in the environment.  Similar 
technology was then used to develop the irst instrumentation and sampling 
methods for post blast explosives residue analysis.  The Egis explosives detec-
tor, for both manual sampling and interfaced to a walk through platform, was 
based on this early work.  It utilized ultra fast gas chromatography coupled 
with chemiluminescence.  Much of the effort was devoted to how best to sam-
ple explosives residues from hands, clothing, materials, suitcases, luggage and 
cargo. At CyTerra, he developed the US Army’s current hand held detector for 
buried land mines, as well as a new technique for detecting energetic materi-
als based on the fact that on heating even traces of an explosive compound 
emits more energy that it absorbs. He is the author on >130 papers in refer-
eed journals and is the author of 79 issued US patents, 25 of which are related 
to explosives detection.



27

Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

Polly Gongwer
Polly Gongwer is a Research Chemist working in the area 
of Trace Explosives Detection.  She is actively involved in 
the areas of explosives characterization, particle and vapor 
sampling, standards development, contamination studies, 
and Developmental Test and Evaluation (DT&E).  Polly has 
a Ph.D. in Chemistry from the University of Delaware, with 
an emphasis on Physical Chemistry.  Her research involved 

analyzing kinetics of thermal decomposition using lash pyrolysis to simulate 
burning surface conditions of propellant components and mixtures.  She also 
has a Bachelor of Science in Mechanical Engineering from Lehigh University.  
Polly has over 27 years’ experience combining her tenure in public sector, pri-
vate sector, and academia, providing managerial and subject matter expertise 
in areas of energetic materials.  She also has over 15 years’ experience per-
forming and leading canine RDT&E for the FAA and TSA.  Current projects 
include developing and testing non-explosive canine training aids, character-
izing explosives for available detectable vapor and particles, development of 
various trace sampling systems, development and testing of various explo-
sives trace detection prototypes, developing and advancing the state-of-the-
art of trace detection test and evaluation protocols, and characterizing canine 
detection abilities through physiological research and controlled testing en-
vironments.

Elaine Jappinga
Elaine M. Jappinga is an Engineer at the Department of Home-
land Security, Transportation Security Administration (TSA) 
Systems Integration Facility (TSIF), Of ice of Security Capa-
bilities. She is the Test Lead for Explosives Trace Detection 
(ETD) and Bottled Liquid Scanner (BLS) systems for TSA.  
Her area of focus is testing prospective ETD and BLS systems 
against the TSA Functional Requirements Documents as well 

as testing third party consumables, engineering change proposals and airport 
screening issues for ETDs and BLS.  She is also the TSIF Trace Lab Manager 
responsible for overseeing capacity and functionality improvements of the lab 
space.  
Prior to Elaine’s position as Test Lead, she also served as a Technology Con-
tracting Of icer’s Representative (COR) and served as the Senior Engineer for 
the TSA Training Division.  Elaine illed similar positions at the Federal Avia-
tion Administration (FAA) prior to the formation of the TSA and deployed the 
irst ETDs to airports in 1994.  Before her positions at the FAA and TSA, Elaine 



Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

28

was a Project Manager for the US Navy Public Works Center in Honolulu, HI.  
Prior to her position with the Navy she was an Engineer and COR at the US 
Army Belvoir RD&E Center researching methods of trace detection for use 
in landmine detection.  Elaine earned her Bachelor of Engineering in Chemi-
cal Engineering from Youngstown State University (1982) and her Masters of 
Safety and Systems Management with minors in Logistics and R&D from the 
University of Southern California (1986).

Richard Lareau
Dr. Richard Lareau is the Chief Scientist for the Transporta-
tion Security Laboratory, Science & Technology Directorate, 
Department of Homeland Security.  He is involved in external 
and internal explosives detection RT&E programs that span 
several technology areas, including trace and bulk detection.  
Additionally, Dr. Lareau is Subgroup Chair for DoD’s CTTSO/
TSWG CBRNE programs.

Previously, Dr. Lareau worked as a senior researcher at the Army Research 
Laboratory, Electronic Technology & Devices Laboratory, Sensors Division, at 
Ft. Monmouth, N.J. and Adelphi, M.D., laboratories.  As an analytical chemist, 
Dr. Lareau established and operated DOD’s state-of-the-art Advanced Micro-
analysis Laboratory and materials processing groups.
Dr. Lareau is co-Organizer of two scienti ic workshop series; The Annual 
Workshop on Secondary Ion Mass Spectrometry and, the newly formed An-
nual Workshop on Trace Explosives Detection.

John Parmeter
John E. Parmeter, Ph.D., has worked at Sandia National Lab-
oratories since 1990, where he is currently a Distinguished 
Member of Technical Staff in the Contraband Detection de-
partment.  Since 1995, his research has focused on explosives 
science, especially trace chemical detection of explosives and 
characterization of improvised explosives.  Past work in trace 
explosive detection has included evaluation of commercial 

detection systems for the Department of Energy, development of chemical 
preconcentrators, and signature science investigations such as a study for the 
Department of Homeland Security to characterize trace explosive contamina-
tion on vehicles loaded with bulk quantities of high explosives.  He is currently 
working as the lead author on a monograph on hydrogen peroxide/fuel explo-
sives for the Department of Homeland Security through the National Explo-
sives Engineering Sciences Security (NEXESS) Center.  His presentation at this 



29

Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

workshop will focus on trace sampling ef iciency data for several explosives 
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12. Appendix: Acronyms

TERM DEFINITION
ABS Acrylonitrile butadiene styrene
ALERT Awareness and Localization of Explosives-Related Threats, A Depart-

ment of Homeland Security Center of Excellence, at NEU
ATR Automated threat resolution; a synonym of ATD
COE Center of Excellence, a DHS designation
CONOP Concept of operations
COTS Commercial off the shelf
CTTSO Combating Terrorism Technical Support Of ice
C-4 Composition-4
DHS Department of Homeland Security
DHS S&T DHS Science & Technology division
EGDN Ethylene glycol dinitrate
ELVP Explosive low vapor pressure
EMVP Explosive medium vapor pressure

ETD Explosive trace detection
EXD Explosive detection directorate of DHS
FA False alarm
HME Homemade explosive
IED Improvised explosive device
IMS Ion mobility spectrometry
IPA Isopropyl alcohol
NEU Northeastern University
NG Nitroglycerine
NIST National Institute of Standards
NRF Nuclear resonance luorescence
OSARP On screen alarm resolution protocol/process
OSR On screen resolution
PD Probability of detection
PETN Pentaerythritol tetranitrate
PFA Probability of false alarm
PNNL Paci ic Northwest National Laboratory
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TERM DEFINITION
PVC Polyvinylchloride
RDX 1,3,5-Trinitroperhydro-1,3,5-triazine
RMS Root mean square

SNM Special nuclear materials
SOP Standard operating procedure
SSI Sensitive security information
TBD To be determined
TCO Total cost of ownership
TESSA Trace Explosives Sensing for Security Applications, name of work-

shops at ALERT
TESSA01 First TESSA workshop held in August 2014
TNT Trinitrotoluene
Trace Synonym of ETD
TSA Transportation Security Administration
TSL Transportation Security Lab, Atlantic City, NJ
TSO Transportation security of icer; scanner operator
ULD Unit load device (a container used for aviation cargo). LD3 is a type of 

a ULD.
XBS X-ray back scatter
XRD X-ray diffraction
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13. Appendix: Minutes11

The TESSA01 minutes were edited for purposes of clarity. All errors in the 
minutes are due to the editors of this report and not due to the speakers them-
selves.

13.1  Workshop Minutes: August 13, 2014
Summary of Prior Sampling Workshops
Speaker: Richard Lareau

• Obliterating animal carcasses with explosives – 1985
• 2004 Trace Standards/Sampling Workshop and 2008 Trace Sampling 

Workshop
 ○ NIST and Dr. Jimmie Oxley’s groups have done some work on stat-

ic electricity.
• We should require all participants to bring at least a short 

write up on past work. 
• There are issues with dealing with classi ication of informa-

tion in prior work, but a literature search of prior work is im-
portant. 

• Such write-ups could involve simply taking an abstract and ex-
tending it to two or three pages.

 ○ There’s a lot out there with the PAW’s report and such.
 ○ The fundamentals and the effect of the fundamentals are impor-

tant, but the human element is still vital and it can’t be separated 
from the sampling technique.
• Need better training on proper techniques.
• Need to igure out what the best technique is.

 ○ TSL is starting to look at sampling off of the materials inside of 
suitcases.

 ○ David Atkinson suggests breaking the technique down into a ma-
trix of factors and vary them one by one.
• Matt Brooks points out that even if you know these ideal con-

ditions, how do you make sure these techniques are used in 
the ield, especially when a screener has to do it right dozens 
of times a day?

 ○ Work is being done on non-contact and there is interest in using 
non-contact to separate the issues and look at them separately in 

1   Inaudible or missing portions of the minutes will be indicated in parentheses as (???).
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a comparison study.
• Some don’t like doing comparison studies because the stan-

dards are different.
• If we can just decide on a reference material and a standard 

procedure, we can stop just spinning our wheels.
 ○ The problem with that is that even if you have this stan-

dard, you still don’t know how relevant that is to a real life 
sampling challenge.

 ○ The danger of going with a standard is that it is simple to 
model but it isn’t relevant. 

 ○ Jack Applebaum suggests that maybe the reference does 
not have to be a inal end goal but just get it good enough 
and we’ll keep improving. 

 ○ There won’t be a well-de ined, idealized sample standard, 
no matter what, variability due to human factors.

 ○ We talk a lot about different surfaces and science things, 
but we’ve been making decisions all the while not know-
ing these things. We probably need to do this in a phased 
approach.

 ○ Should we focus on swabs for IMS? We probably need to 
focus on broader uses.

 ○ Rather than using commercial standards, we should focus 
on using what is just commercially available.
• This will be dif icult because there are many different 

kinds of commercial C4 and, even with the same kind 
in the same batch, there is variability.

State of the Art in Contact Sampling Media
Speaker: Reno Debono

• It costs 1 cent for the swab material and it costs 25 cents for the labor 
in creating the swab. 

• Everything, from the number of reuses to the materials, is cost driven 
and being able to just meet the standards.

 ○ Swabs cost only 1 cent. It’s a small market.  It’s not really pro it 
driven.

• Swabs themselves cost 25 cents to 75 cents.  Reuse brings it down to 
1-1.5 cents per sampling.
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• If you were to use other swab materials in the same machine, are the 
desorption algorithms no longer valid?

• For different machines, the sample might low through the material 
into the detector, around the swab to the detector, etc. 

• Recent work shows that collection ef iciency improves as swabs are 
reused, up until the point where the swab falls apart.  

• Does the swab send in extra material that degrades the machine over 
time or does it release things that cause false alarms?

• You have to watch out for spreading issues, and having the sample 
hold onto the material too much. 

• 0.6-2 mg of dirt are collected every time.  Some goes into the machine, 
some stays on the swab.  If you’re reusing a swab, are you coating it in 
dirt and eliminating the designed topography of the surface?  

• Background cleanliness, sensitivity, porosity, desorption pro ile, par-
ticle collection ef iciency, durability, processing, effects of system, ma-
terial consistency, material cost are all issues that must be considered 
when selecting traps

• Companies are not incentivized to be better. 
• When you pull it out of the can, you don’t want to see any species that 

will interfere with sample analysis but over time dirt is becoming an 
issue. 

• It is dubious that operators understand that the sweet spot of the 
swab is the only place where the sample goes into the machine. 

• The issue with the current procedures is that the closer to the bomb, 
the higher your probability of detection, and we only sample the out-
side of the bag with minimal disruption. This means that a human is 
still better than an automated system because an automated system 
would only do the outside. 

• Would a non-contact method be used as a standard because it gets rid 
of a lot of variable?

 ○ This technology is not there yet. 
 ○ Someone is working on a system for a non-contact QCL spectrom-

eter but it’s not deployable yet.

Challenges Associated with Media in Contact Sampling
Speaker: David Fine

• Cell phones will almost always be contaminated. We probably should 
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be swabbing them. 
• To clean a whole object, you only clean the area where the hands will 

touch.  Just like with sampling. 
• Sandblasting is way too aggressive, not applicable. 
• Sandpaper is too aggressive, takes everything off the surface, and 

sends things into the detector. 
• Wet mopping, like with a loor or moist wipe may be applicable.

 ○ Solvents may be applicable.
• Cleaning a mirror allows you to see contamination.

 ○ You can see it if you are wiping properly. 
 ○ Solvents haven’t been applied but could be visible.

• Vacuuming can work for dried samples.
 ○ Vacuuming can sample off of fabrics and dogs.

• Beware because explosives detecting dogs can create a lot of 
contamination.

• There is also carpet cleaning style with solvents and scrubbing. 
• Automated vacuum cleaner style is with wet foam, brushing vigor-

ously, vacuuming, and trapping particles.
 ○ It will work on some surfaces and not others.

• Dislodge particles with heat and then vacuuming was tried many 
years ago but there are practical issues because you burn things (and 
people).

• Where to sample on people: hands, side pockets, waist, belt, and ly, as 
well as cell phone, wallet, and keys.

• Where to sample on luggage: handles or straps, zipper pulls, and 
latches.

• Where to sample on packages: edges and labels.
• Where to sample on cars: steering wheels, door handles, gear shift, 

hood, and trunk. 
• Jack Applebaum asks about the hair because David Fine said it wouldn’t 

be good but, if hair tends to hold explosives better than skin, it could 
trap particles when people touch their hair or scratch their head.

 ○ David Fine says that a shower will take it off but Jimmie Oxley ada-
mantly disagrees saying that you can shower every day and your 
hair will still be contaminated. 

 ○ A bomb maker will wear gloves but explosives will settle on their 
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shoes.
• It is suggested that, in addition to considering where has been touched, 

you should consider what material will release particles.  
• It is suggested that combs are a good place to check because contami-

nation will be there and no one cleans a comb. 
• Porous things are suggested like egg cartons. 
• The sides of glasses are never cleaned and always touched. 
• Sampling seems to be different for different environments where you 

have different sampling options.
• Having a separate check for wallets and phones might be a good way 

to check a person.
 ○ Terrorists will adapt if they know we test wallets and phones.

• Explosive materials have a wide range of properties.
• Medical alcohol wipes can have solvent added to them and can be 

used to detect gunshot residue on hands.
 ○ Screeners at an airport can’t use solvents, not even isopropanol.

• Some of the solvents, being hazmat materials, are killing the State De-
partment in terms of cost because smaller countries will charge them 
‘an arm and a leg’ for using them. 

• Just having water seems to help with sampling.
 ○ Vendors say that the water would kill an IMS.
 ○ It drastically degrades performance.
 ○ All of volatiles can be blown off before releasing lower volatility 

explosives.
• So using moisture or a solvent can be done but it isn’t done
• It hasn’t been introduced to the public and isn’t accepted by 

them
• It can dramatically reduce throughput, leading to longer lines 

at checkpoints.
• Traps should be rough but not abrasive.
• A thumb print on a mirror seems like a great idea and he wants to 

know if anyone has looked into it.
 ○ No one has done it but it has potential.
 ○ Sprinkling colored dust is another suggestion.
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Group Discussion: Identify 2 Reference Traps and                                                                                                             
Key Trap Characteristics
Discussion led by: Stephen Beaudoin

• There are the basic trap materials: Nomex, Te lon, Te lon-coated iber-
glass, soft metal materials.

• We went with the soft pliable metal mesh because it is uniform, repro-
ducible, and doesn’t change over time. 

• Paper and muslin are both cellulose-based, therefore they are incon-
sistent.

• It is arguable that you only need one reference because it is just meant 
to be comparative.

 ○ You probably need to do a couple of references for initial studies 
so you can get an idea about comparisons.

 ○ Two data points to verify methodology.
• Metal mesh will be different electrostatically.
• Ease of quanti ication is important, so the metal mesh is good for that. 
• Do we need a speci ic method for development?

 ○ We don’t want to tie ourselves into a speci ic development or tech-
nology.

 ○ So maybe we can measure in a way completely different from what 
is done in the ield.

 ○ Deal with collection and desorption separately.  One issue is how 
well it does with collection.  The other issue is how well it desorbs.

• For the COTS piece, why don’t we look at what is available in other 
industries that has already been characterized and does not vary?

 ○ The semiconductor (clean room standards) industry and the med-
ical industry are a couple of examples. 

 ○ With explosive swabs, they vary drastically from batch to batch.
• There are two ways we could go; a onetime swab that you use once 

and throw away and then there is a swab that you use forever.
 ○ Either way quality control is important.
 ○ If reusing, you need to con irm that it still meets quality control 

standards.
 ○ There can be variability within limits that we have the ability to 

measure.
• Can we measure the topography of the metal mesh and how 

do we measure it?
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• Print a random pattern on the metal and make sure it meets 
specs and the manufacturers are QCing them.  They are reused 
and there are automatic checks on the quality of the metal 
mesh swab.

• Do we con irm quality control by use of the swab or by mea-
suring a feature of the swab?

 ○ If we had a version of a wear bar on a tire, we could have 
comparison between the wear bar and how well it works.

• A number of the metal meshes have been tested and they do 
vary between types, but within the same type they are fairly 
reproducible.

 ○ They are also reproducible with heavy reuse.
• The reference should be: 1) It should be able to go to 400 or 500 de-

grees Celsius without changing properties; and 2) It should also be 
lexible with sampling within cracks and such.
 ○ Flexibility may not be important for standard.
 ○ We will need more than one for comparisons and to get a trend 

line.
• It would be nice to do both particles and vapors.
• Ideally, it should be non-reactive. 
• Topographically, it should be able to get into the troughs of the sub-

strate on which the sample resides.
 ○ It should be able to hold the wide range of particle sizes that ex-

plosives come in.
• There is also insensitivity to environmental variables, such as humid-

ity and electrostatics; insensitive or has known sensitivity. 
• Bbytac strips and polystyrene aren’t great but we also need to know 

what material you’re sampling off of. We’ll get to this later. 
• There are wide sources of variability and it would be nice if we could 

better understand where this variability comes from. 
• Well de ined protocols are important and it would be good if we knew 

better what they (screeners) were doing in the ield. 
• It is good to know what protocols are most effective for each combina-

tion of surface, reference, and substrate. 
• We need to quantify the entire reference system. What’s was on the 

swab initially? What was left on the swab? How do we move from one 
step in the protocol to the next, and how does this in luence the appar-
ent performance of the system? 
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• The sensor detector side can’t be ignored if this is how we are testing 
ef iciencies.

• It should be inert at higher temperatures.
• It comes down to how much effort you want to put in. It could be good 

to do a mass balance to ind where all of the particles went.
 ○ With the work that has been done like this, they get around 10%.

Effects of Substrate Properties on Contact Sampling Effectiveness
Speaker: Jennifer Verkouteren

• Is the redistribution of spherical particles over a grating the same that 
would be found with an actual explosive? 

 ○ Hard to say.
• Large uncertainties indicate there are factors that aren’t being ac-

counted for.
• Regular swabs have a collection ef iciency of about 10%. 
• Adhesive swabs outperform regular swabs.
• Particles are added to substrates by dry transfer off of ilters.
• With regular untreated swabs, the material you are swiping off of did 

not greatly affect the collection ef iciency.
 ○ For adhesive swabs, the collection ef iciency varied drastically.

• Does the adhesive cause an issue with release?
 ○ The adhesive showed an increase of performance with ETDs.

• The speaker is looking for acceptance of that standard method.
• Substrate examples: PVC ID card, brushed stainless steel, vinyl coun-

tertop, and synthetic leather.
• To measure the smoothness of the surface, an optical commercial de-

vice was used that is commonly used in the semiconductor industry.
 ○ It also outputs various surface statistics, such as the Rq. 
 ○ Glass is very commonly used and there is interest to have it visual-

ized with this device.
• We do not have a method for measuring adhesion.
• Can you vary the size of the particle you deposit?

 ○ If you put down a smaller volume, the particle is smaller, so they 
have targeted the size of the threat they would be going after in a 
inger print.
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• Does the liquid deposition method affect the structure compared to 
what structure we would ind in real life?

 ○ It will be crystalline for RDX but this is not the case for other ex-
plosives.  For others they will not form the correct shape.

• Particles stay where they are deposited.
• How do you transfer to keep the pattern intact?

 ○ Some of them do break apart.  They tend to stay intact on soft sur-
faces, but on stainless steel surface they then all break apart.

• In the real world, would we expect to ind whole particles on stainless 
steel?

 ○ Probably not. They would probably be broken up as they are seen 
here.

• There is high transfer off of stainless steel and synthetic leather.  The 
countertop needs multiple passes. PVC (0% transfer ef iciency) needs 
roughening.

• Did you transfer in different directions on stainless steel?
 ○ Yes and we did not see a difference.

• It is suggested that Rq might not be the only issue.  You do not have 
different Rqs in this study but different chemical compositions of the 
material.

• In the study, we sampled for 5cm, so it is questioned whether it gets 
better or worse the longer you sample.

 ○ A short distance is better for collection, but it depends on what 
your real life situation is.

 ○ There is a lot of redeposit the longer you drag.
• For textured surfaces, if you swipe with the texture, you get 100% 

alarm. If you swipe against the texture, you get 0% alarm.  Always go 
with the grain.

• Why was it that when you are depositing the materials, the direction 
didn’t matter, but when sampling off of the surface, the direction did 
matter?

 ○ I still need to look into that.
 ○ It appears that you fail unless you have a substance you need with 

high or an equivalent amount of interfacial contact.
 ○ It is de initely something to look at. You need either a sticky sur-

face that you dab or a higher amount of interfacial contact.
 ○ A circular motion may be better than a swiping motion.
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• Experiments have shown that rotation also increases the ca-
pacity of the swipe (a spinning motion).

 ○ If you press too hard, the material starts to deform and collection 
become worse.

• Chemical background of surfaces may confound the measurement 
even though it doesn’t affect sampling ef iciency.

• You need to be wary of surfaces that generate electrical charge during 
swiping.

• The material needs to be stable after use.

Challenges Associated with Substrate Properties During                          
Contact Sampling
Speaker: Elaine Jappinga

• Baggage substrates are polyvinyl, zipper tabs and fabric (???).
• Cargo substrates are packing tape and shrink wrap.
• We are looking to test gloves after pat down.

 ○ Vinyl gloves don’t work.
• We need to update tests to include passenger’s hands.  We are looking 

for a substrate that mimics that.
• Operators use a wide range of pressures.
• EMVP is an explosive “similar” to TNT.  Easier to get off of plastic than 

cardboard.  More force equals better collection.
• ELVP is “similar” to PETN, very dependent on force.  There is not a 

straight forward positive relationship when dealing with cardboard 
(500g might be best).  Plastic has an optimum point.

• The nature of the relationship between force and collection ef iciency 
also depends on the swab being used.  

• Each not is an average of 10 samples
• Excel could be over itting the data.  It is hard to see a clear trend
• A consideration might be to overlay all of the data regardless of type 

of explosive since you won’t know what you are sampling in advance
• Your appropriate force will depend on swab, substrate
• Challenges

 ○ Updating sampling media
 ○ Finding optimum force for sampling
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 ○ There is no “single use” or “OEM blind” sample media developed
 ○ No studies varying temperature, relative humidity or other envi-

ronmental conditions
• Have you considered trying to correlate the collection ef iciencies off 

of a material to that materials mechanical properties such as defor-
mity?

 ○ They haven’t looked into that.
• Have you looked at using swabs on different machines?

 ○ They haven’t looked at that.  There are issues with porosity and 
differing design of the machines.

• Another good way to look at the data might be to calculate a con i-
dence interval around the 10 samples that went into each dot on the 
graph.  Then if the interval is the same as the interval to the right and 
to the left you can group them together to represent one group.  And 
you wind up with a range that you can recommend.  

• All instruments use heating to desorb the sample.  These were done 
with HPLC liquid extraction.  Did not do desorption.

Group Discussion: Identify 2 Substrates and Key Substrate                                                         
Characteristics 
Discussion led by: Stephen Beaudoin

• We considered user requirements, such as 100% inspection of in-
coming items, and decided on cardboard and ballistic nylon, painted 
chrome steel, and some polymer based item.

 ○ How do you de ine cardboard?  You can try but there will always 
be some variability with cardboard.  You would need some repre-
sentative set of cardboard within acceptable range.

• We looked at it from a quality control perspective and looked for a 
material that will be the same from laboratory to laboratory.  Te lon is 
one because it is inert and consistent; and can maintain quality con-
trol with chemical ingerprint and quality control on physical char-
acteristics.  Also, we choose glass because of its preciseness.   More 
things will stick to it but we should be able to maintain control.  Silicon 
is the third choice.  A silicon wafer can be patterned to a pattern of 
choice and measurements can be made to con irm that all members of 
the silicon population are the same.

 ○ If we wanted to do polishing with the materials, we can polish to 
whatever grade we want and have a controlled topography.  
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 ○ People making standoff samples would love a silicon surface.
• Along the same lines of being able to control, we came up with an-

odized aluminum because it is robust, patternable, can be controlled, 
and is a consistent material.

• We also wanted to come up with a dielectric like Te lon or polycarbon-
ate.

• Electrostatic dissipation, surface roughness, hydrophobicity, chemical 
inertness\and hardness all should be considered.

 ○ We can choose a material from easy to hard for these properties, 
such as stainless steel.  Glass slides are easily obtainable, and you 
can coat it, but is dif icult to deposit.

 ○ Next should be a soft pliable material with varied of roughness, 
hydrophilic; Te lon or something like that.

• We thought about skin but decided that would be a bad idea.
• The material should be cleanable and easy to perform a quality check 

on with background measurements.
 ○ It should be lat, have surface texture, ridged, extractable, no 

chemical background, and a surface that would react toward nitro 
groups (be functionalizable). 

 ○ There is ABS plastic, stainless steel, glass, and PVC.
• We came at this issue from a mechanistic view: polar vs. non polar, 

rough vs. soft, surface energy, real vs. ideal.
 ○ We wanted to hit a range of properties at both extremes.
 ○ There is smooth steel vs. brushed steel. 
 ○ There is smooth nylon, or some sort of woven nylon cloth.

• Our thoughts on fabric are to have one group that is manually assem-
bled.  The concern is that it would be dif icult to have reproducible 
fabrics.  We have seen a wide variety of results with fabrics, but silicon 
wafers always gives the same results.

• We need to make sure there should be more surface to particle-type 
interactions and not strong chemisorption interactions. We have to 
be careful when we functionalize it and make sure we mimic the real 
world.

• We should avoid cellulose-based materials just because the variations 
are just too broad and unpredictable, so no cardboards or fabrics.  

• We need to be able to transition easily from an obscure custom cou-
pon to, say, ballistic nylon.
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 ○ If we have a standard then, even if your organization wants some-
thing else, we will still be able to compare to a standard.

 ○ If you are doing a large test, you can include a variety of materials 
along with the standard.  As long as you have the standard people, 
you can compare their work with what you did.

• There are a variety of requirements for these standards. Should we go 
back and look at this?

 ○ No.
• Look at a substrate where you tend to have the worst recovery and 

then at one that has the best recovery – this will allow you to bind the 
problem.

• Precision is key to allowing speedy process from testing to develop-
ment.  If we have to do more samples to express the same standard 
error, it will take longer to inish testing.

• If we have something that’s natural and not done through controlled 
manufacturing, you will have to do an enormous number of samples.

• If we want to compare contact to non-contact, there were things that 
were easy and not much more dif icult, and things that are dif icult 
and are now easy.  So a hard and easy variety is good.

Residue Effects on Sampling Effectiveness
Speaker: John Parmeter

• Dry ionscan swabs were low.  
• How did you get over 100% for the prepackaged IPA swipe?

 ○ You should not trust these numbers due to high chromatographic 
background and the numbers are plus or minus 20%.

• Did you look at loading dependent recovery for large amounts com-
pared to smaller depositions?

 ○ No.  The study looked at 100 or so nanograms.
• Swipes with the bytac strips did not do as well with NG as they did 

with TNT.
• The amount of time between the deposition and putting it in the vial 

was as short as they could make it, a couple of minutes.  Once in the 
vial, they have shown it does not degrade.  The issue should not have 
affected the results.  

• They did not observe the large loss of sample to vapor that others 
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have seen.  NG is sort of borderline in terms of vapor pressure. It is not 
as low as you would like it to be but it is still usable.  

• If you took EGDN (with a much larger amount of sample than what 
would be considered a trace level), you can pick up EGDN residue.  You 
just can’t do it at the trace level.

• Are the summary slides all with the Wetted IPA swabs?
 ○ Yes they are.  They don’t have these extensive numbers for the dry 

swabs.
• What was the concentration of the solutions you were using?

 ○ For the NG solutions, it was 70mg/microL.  RDX was about 80.
• Did you characterize the residue before you did the swabbing?

 ○ No. They were only focused on getting an estimate of sampling 
ef iciencies, but that would have been good.  The work was only 
focused on having sampling ef iciencies for the car study.

• Was the ef iciency for the whole method?
 ○ It should be just for the swabs, because they did control with the 

GC.
• The solution was very dilute and that’s why they didn’t see a lot of loss 

from evaporation.
• Is there an estimate of how much pressure you were using?

 ○ No.  It is just the pressure used by four different samplers.
• Swipes were only used once in this study.
• After dry transfer, do you know the size of the particles?

 ○ No.

Challenges Associated with Residue Properties During                             
Contact Sampling
Speaker: Polly Gongwer

• What we need to consider: particle size, is it a pure explosive or a mix-
ture, will the vapor pressure allow it to remain, and is it replicable? 

• The picture on slide 5 is a C4 particle on cloth (muslin). 
• It would be nice to consider the best method for generating residues. 

Dry transfer is fairly reproducible.
• It would be nice to know more about surface/particle adhesion prop-

erties under varied environmental conditions.
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• What are surface/residue/sampling media harvesting ef iciencies?
 ○ Slip-peel-meter studies seem to be the way to go.

• Whether we use direct deposit or ink jet, we need a method that ev-
eryone can use and control the drying time temperature and humid-
ity in order to control the particle size.  It is the only way to make it 
reproducible between labs.

• How important is it to know the difference between loading mass vs. 
loading density? If we have the same amount, does it matter if they are 
spread out?

 ○ It does seem to be important in some cases.  It would de initely 
matter, and it has to re lect reality.

 ○ It makes a huge difference based on how it will interact with the 
substrate.  

 ○ In order to spread it out, the only way to do it is an array.
 ○ We need to agree on particle distribution over a swipe area.

• I am not sure it does matter, as long as it is even.
 ○ You could recreate the distribution of the sample with different 

printing.
• Some residues are very dif icult to get crystallization, and then you 

have to be able to ship them.  RDX works.  We have not been able to 
get TNT to crystalize.

• On the other hand, if there is an interaction between the swab, sub-
strate, and method, we had imagined that one lab would make the 
sample in a single location and distribute it to everyone.

 ○ Our previous conclusion is that we could start with everybody 
making their own and see if it works, because we want to avoid 
having to ship it.  

 ○ There is almost a bene it to having some variability in the lab. It 
could give us more insight.  

 ○ Not everyone has the equipment to do ink jet printing, but there 
are a number of labs that can. You can ship a little stack of them 
in a can.

 ○ TSL no longer uses Bytac because CDSA can now measure real 
time.  TSL uses lexible Te lon strips.
• Te lon is in the DT&E phase, it has not yet been accepted.  By-

tac glues will come out in thermal desorption and ruin the ma-
chine.
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• Have you done any work with a synthetic skin oil that can have a sus-
pension of residue that could be practically used in the standard?

 ○ We have been working with the sebum but not really at the point 
where it could be incorporated into a standard.  

 ○ Is it worthwhile to develop this? Yes, it seems to be worthwhile to 
have the pure explosive and be able to compare that substance to 
one encapsulated in ingerprint oil.  

 ○ With C4 drop casting, you see the coffee ring effect and a crystal-
line in the middle.

 ○ Rich Lareau is not sure the coffee ring is an issue because it may 
more accurately mimic a ingerprint. 

 ○ Why is acetonitrile always used as the solvent? It has low back-
ground with GC mass spec.

Group discussion: Identify 2 Residues and Key Residue Characteristics
Discussion led by: Stephen Beaudoin

• Discussion led by: Stephen Beaudoin
• We decided on using a pure explosive plus a matrix and allowing the 

individual labs to do the mixing and deposition.  
• We decided on PETN and RDX, based on availability worldwide and 

shelf life.
• A standard C4 matrix would be appropriate
• TNT would be too dif icult.
• Then you could add the sebum material as well, so you could have a 

three-part residue essentially.
• We looked at nitrates but there are environmental practicality issues.
• A protocol for sample preparations needs to be very speci ic.  This 

would be tough with TNT.
• It is also suggested that it should be deposited in multiple spots in an 

area instead of one single spot, to be more like a ingerprint, but this 
might have reproducibility issues.

• Some form of RDX is probably a solution.  It recrystallizes well.  It 
transfers well. There are no evaporative issues.

• We didn’t consider PETN because it was so much like RDX.
• Ammonium nitrate would be a good balance but there are a lot of 

practical issues.  Many sampling materials contain nitrates, so there 
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is a background issue.
 ○ There are big environmental issues with ammonium nitrate.  It 

may not be an issue if you are in New Mexico.
 ○ Background issues are a serious issue.
 ○ ITX makes swipes which have less nitrate background.

• Now that AN has been shot down, chlorate is suggested.
• Ammonium Perchlorate could be good; not for going into an IMS but 

could be good for sampling.
• HMTD is very different from RDX and is an ionic compound and a per-

oxide that does not have volatility issues.
 ○ It is dif icult to make pure, but we do not have to make it pure.  We 

only have to make it exactly the same every time. 
 ○ Ionic compounds could be a problem because they will not always 

recrystallize the same way when using solution deposition.
• Issues include ease of preparation, particle size distribution, repro-

ducibility, and stability.
 ○ Maybe use something like Acetaminophen from the drug store.

• How about Diethylene glycol, diethylene nitrate?  It is a safer version 
of NG and remains a liquid.

 ○ We want to look at something that is a particle; a dry particle or a 
tacky particle.   

• There should be a proper particle size. There should be proper mass.  
There should be proper distribution.

 ○ Low loading levels are more realistic.  Doing one low level and one 
high level might be best.  

 ○ If you have high loading, you do not need sampling to be ef icient. 
Low loading is more practical.

• It would be best to stick with an actual explosive.
• This group couldn’t decide between RDX and PETN but it would be 

better to have one pure component and one with binders.
• Quality control is going to be a challenge.  Maybe establish quality con-

trol as you develop the method.  
• Maintaining control over how the samples are dried or poured is key 

to controlling crystal structure.  Whatever the standard liquid is, it 
needs to create the same kind of solid on the surface.

• If we are going to provide our own references, then we should recon-
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sider TNT.  TNT is very stable in a solid.  It only degrades quickly in 
solution.  

• Many places, especially universities, will not be able to obtain bulk 
explosives or make bulk explosives.

• Solution is necessary in order to quantify.  
• Is the community ok with coffee rings?

 ○ If you deposit a solution that is near its solubility limit, then the 
solute will likely crystallize out of solution as the solvent evapo-
rates.

 ○ Solvents tend to spread to cover surfaces, leading to the coffee 
rings, which re lect material solidifying from solution at different 
locations on the surface.  

 ○ Coffee rings depend on the relative interaction between the sol-
vent, the residue, and the substrate.  You cannot just change one to 
ix the problem.  Everything works together.

• Watching 5 microliters dry is simply too slow.  We can’t use such a 
slow drying solvent.  

• Gunpowder or smokeless powder could be a second choice.
 ○ Every lot that comes off of the manufacturing line is completely 

different.
• RDX would be a good material in plastic form and a crystalline form.  

It might be unnecessary to have a second material.
 ○ We need a standard that represents a crystalline and one that rep-

resents a plastic.
 ○ Why not use a non-explosive to meet this need?  Narcotics have 

nonexistent variability and could be useful.  
• If we do use a non-explosive standard, we probably should use 

something that is luorescent. 
• If we are going to study drugs, why not study illicit drugs?

 ○ In the state department, they are banned from using their 
equipment in the drug detection mode. They can only use 
it in explosive detection mode.
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13.2  Leadership Discussion: October 15, 2014
Purpose  
The overarching goal of the TESSA Workshop was the development of a trace 
explosive sampling standard to allow the community as a whole to compare 
results and to be able to quantify improvements in sampling ef iciency.  Dur-
ing the TESSA, a leadership meeting was held to review the results of the 
workshop and plan for future actions and a second leadership meeting (the 
subject of these minutes) was scheduled.  The purpose of the second leader-
ship meeting was for a small number of representatives to take action based 
on the general decisions made at the irst meeting by deciding how to down 
select to very speci ic and stable swabs and substrates and move forward with 
their characterization and evaluation. 

Action Items 
Communication:

• Monthly follow up meetings will be held to discuss the chemical han-
dling of the swabs, discuss how to ship them, present current results, 
etc.

Information Sharing:

• Jennifer Verkouteren and Greg Gillen have information on polysty-
rene beads and how NIST keeps things consistent in their experi-
ments that they could share.  

• NIST has a summary and a table with parameters that were thought 
to be relevant, and that was already sent to Steve Beaudoin. Jill 
Tomlinson-Phillips and NIST will discuss if they can release the sum-
mary to the larger group.  

• Dave Atkinson has chemical adsorption characteristics and tables of 
af inity interaction data that he will share.

• Matt Brookes can provide a review of previous completed, relevant 
work.

• Jennifer Verkouteren will send Steve Beaudoin an email from Sydney 
Karrie about different Texwipes and then set up a phone call with 
Sydney and Jen.

Material Characterization:

• Steve Beaudoin will measure the hardness and topographically map 
the potential standard swabs.



51

Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

• Steve Beaudoin will characterize the surface energy measuring con-
tact angle and performing inverse gas chromatography.

• Greg Gillen will validate the composition of the metal mesh. He will 
also determine if pressure or treatment removes the oxidation layer.

Cleaning Protocols:

• Joe Chipuk will perform a liquid extraction on the selected swabs to 
see how dirty they are and look for variability between samples. He 
will also see if they are clean after the liquid extraction.

Material Acquisition:

• Steve Beaudoin will buy the swabs.
 ○ We should order 30 one month and 30 another month to see the 

variability in different shipments (not necessarily 30, but what-
ever is statistically signi icant).

• Maggie Tam will look into metal mesh that Scintrex makes.  

Highlights:

• Sydney Karrie from Bruker presented a paper at TED a while back 
that could have good information.

Choosing the Right Texwipe:

• We need to look into the reproducibility of the Texwipe, need to 
select a speci ic kind.

• Jennifer Verkouteren will send Steve Beaudoin an email from Sydney 
about different Texwipes and then set up a phone call with Sydney 
and Jen.

• We should pick one that is more robust.
• We need to test from different boxes and batches to compare vari-

ability.
 ○ It would be good to select a Texwipe that is spec’ed into an indus-

try because those change far less often because it is too dif icult 
to get them requali ied. 

• Steve Beaudoin will characterize the hardness, topography, and 
surface energy of the swabs. He will look at variability from batch 
to batch.  He will also characterize post treatment if it is determined 
that the samples must undergo a standardized cleaning protocol.
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Choosing the Metal Mesh:

• We should talk with Ravi Kunduri from L3 on where he gets them. 
They could already be cleaned. 

• There is a metal mesh from the lighting rod industry that is regulated 
to meet federal standards; it should be a consistent material 

• Scintrex also has a metal mesh that would be good to look into. Mag-
gie Tam will follow up on this. 

• Steve Beaudoin will characterize the hardness, topography, and 
surface energy of the swabs. He will look at variability from batch to 
batch. He will also characterize post treatment if it is determined that 
the samples must undergo a standardized cleaning protocol. 

• Metal meshes are not made to be clean. They could have a chemical 
ingerprint that isn’t consistent.
 ○ The contaminants and the cleanliness of the mesh must be char-

acterized and it must be determined if these contaminants will 
interfere with results gathered using the swab.

 ○ If the contaminates are an issue, a standardized procedure to 
clean the metal mesh will be determined (will need to clean and 
heat).

• Greg Gillen will validate the metal composition of the mesh. He will 
also determine if pressure or treatment removes the oxidation layer. 

Evaluating Manufacturing Contamination:

• The contamination and consistency of contamination on the swabs 
must be determined if it is relevant to the standard, and if so a stan-
dardized protocol must be developed. 

• Ravi Kunduri may have insight.
• Joe Chipuk will do a liquid extraction on the selected swabs to mea-

sure their cleanliness. 
 ○ A solvent that is polar, non-polar, and mid polar will be used to 

extract metal meshes and test with GC-MS, l cm on triple quad, 
high resolution mass spec. 

 ○ We should order 30 one month and 30 another month to see the 
variability in different shipments.

 ○ Another extraction will be performed on the swab after the irst 
one to see if a lot is left and how stable it is after an extraction.
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Studies to Understand Model Traps Residues and Substrates:

• If the standard traps are mapped with the above properties when 
trap C (the greatest trap ever made) is developed, you can use the 
standard as a reference and see how it’s properties and performance 
compare and relate to each other. 

• Properties that matter:
 ○ Entanglement – a ibrous trap that reaches in and grabs particles.
 ○ Electrostatics – would need a large potential difference to over-

come the intimate contact that particles like C4 make.
 ○ Surface energy (hydrophobicity).
 ○ Hygroscopicity – performance changes in different RH and sam-

pling off dry vs wet surface.
 ○ Hardness – ability to deform and contact residue.
 ○ Stable – thermally stable, chemically non-reactive (e.g. to sol-

vent).
 ○ Ability to release collected residue – thermal conduction, chemi-

cal af inity.
 ○ Work function
 ○ Multiple use: evolution of surface adhesion characteristics.
 ○ Background environments – effects of pretreatment.
 ○ Explosive particles size – sitting in the bottom of a substrate well 

vs sitting on top of a ridge.
 ○ Swab’s roughness at different scales.

Selecting the Right Substrates:

• ABS rough (super rough). 
• Clear Coat Aluminum (nominally smooth). 
• Non-Clear coat aluminum.  
• The group is open to doing stainless steel as opposed to aluminum.  

We want to compare them.
 ○ Bare aluminum, that hasn’t accidently been scratched, may be 

dif icult to ind.
• Participants will send aluminum or stainless steel samples they have 

along with purchasing information and speci ications. 
• Rich Lareau says that clear coated ABS can be purchased with all the 

specs listed.
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• We need to ind an ABS that is reproducible with consistent levels of 
roughness.

• Participants will send ABS samples they have along with purchasing 
information and speci ications.

 ○ Stephan Lukow has already sent some from Morpho.
 ○ Joe Chipuk will send Steve Beaudoin a sample of the ABS used in 

their labs.
 ○ Rich Lareau will send Steve Beaudoin the ABS plastic that is used 

at TSL. 
• Steve Beaudoin will characterize the topography of 30 (or a statisti-

cally signi icant sample size) of each selected ABS plastic. 
 ○ We should order 30 one month and 30 another month to see the 

variability in different shipments.



55

Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

14. Appendix: Presentations

This section contains the slides presented by speakers at the workshop.  The 
slides appear in the order that talks were given as shown on the agenda.  
Some of the presentation slides have been redacted to ensure their suitabil-
ity for public distribution.
PDF versions of selected presentations can be found at the following link: 
https://my iles.neu.edu/groups/ALERT/TESSA/TESSA01/ 
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14.1 Richard Lareau: Summary of Prior Sampling Workshops

Summary of Prior Sampling Workshops

Trace Explosives Sampling for Security Applications 
(TESSA) Workshop Series 01

August 13, 2014

Richard Lareau, Ph.D.
Technical Director and Chief Scientist
Transportation Security Laboratory
DHS Science and Technology Directorate 

Presenter’s Name          June 17, 2003

Sampling: determining sampling efficiency requires well 
defined and accepted methodologies.

2

High Tech Approach
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Presenter’s Name          June 17, 2003

Sampling: determining sampling efficiency requires well 
defined and accepted methodologies.

An example of S&E approach, where “more is always better?”
Reference from: USDA Forest Service tech bulletin

‘Recreation, Engineering Tech Tips,’ January 1995

3

High Tech Approach

Presenter’s Name          June 17, 2003

Sampling: determining sampling efficiency requires well 
defined and accepted methodologies.

An example of S&E approach, where “more is always better?”
Reference from: USDA Forest Service tech bulletin

‘Recreation, Engineering Tech Tips,’ January 1995

Title: Obliterating Animal Carcasses with Explosives

Jim Tour, Project Leader, and Mike Knodel, Northern Region Blaster 
Examiner

4

High Tech Approach
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Presenter’s Name          June 17, 2003 5

Presenter’s Name          June 17, 2003 6
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Presenter’s Name          June 17, 2003

Overview of past Sampling Workshops
Roadmap/Action Items from each
Technology push

What’s different with this new CoE Alert2 approach?

Summary

7

Overview

Presenter’s Name          June 17, 2003

One day meeting, Government attendees only; Goal; to 
address current status and issues with Trace Contamination 
Studies, Standards, QC processes and Sampling.

Representatives from TSA (included TSL), TSWG, NIST, 
INNEL, and SNL.

From workshop notes: “Dr. Lyle Malotky of TSA was the next 
speaker, first discussing the sample collection problems in 
trace detection.”  Discussed sampling issues, unknown 
collection efficiency, variability in performance with a variety of 
COTS wipes used, etc.

2004 Trace Standards/Sampling Workshop

8
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Presenter’s Name          June 17, 2003

Action List from Trace Standards Workshop, May 19, 2004

{Agency names / POC removed to protect the person!}

1. Examine the potential use of masking agents.

2. Investigate project on efforts to clean up/remove 
contamination.

3. Simulants (trace and bulk) - verification and pedigree.

4. Particle/fingerprint characterization work.

5. Training standards among agencies.

6. Characterize the background explosive contamination in the 
transportation system.

2004 Trace Standards/Sampling Workshop

9

Presenter’s Name          June 17, 2003

Action List from Trace Standards Workshop CONTINUED

7. Standards development/automating production of standards –
NIST inkjet (TSA, Hallowell as a customer, and NIST as a 
supplier).

8. TSA Quality Control products are available to other agencies 
for evaluation from TSA. 

Outcome from workshop - ???

2004 Trace Standards/Sampling Workshop

10
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Presenter’s Name          June 17, 2003

2. Investigate project on efforts to clean up/remove contamination.

3. Simulants (trace and bulk) - verification and pedigree.

4. Particle/fingerprint characterization work.

5. Training standards among agencies.

6. Characterize the background explosive contamination in the 
transportation system.

7. Standards development/automating production of standards – NIST 
inkjet (TSA, Hallowell as a customer, and NIST as a supplier).

8. TSA Quality Control products are available to other agencies for evaluation 
from TSA. 

2004 Trace Standards/Sampling Workshop

11

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

Trace Sampling Workshop
November 18-19, 2008
TSL, Atlantic City, NJ
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Presenter’s Name          June 17, 2003

Approximately 45 attendees; Academia, Industry and 
Government

GOAL: The goals of the focus group are to gain a better 
understanding of where the problems lie and how to best move 
forward to bring about an enhanced explosive detection 
capability through improved trace sampling.  We are soliciting 
your participation to develop a 5 year roadmap that will define 
the path by which we will work towards improvements in 
sampling technologies and methodologies.

2008 Trace Sampling Workshop

13

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

14

Questions to answer and issues to discuss:

1. Do we currently know enough basic science concerning the properties of trace explosive particles
(including binders and skin oils) and vapors (and their interactions with various surface materials) to
make sound plans for a next-generation sampling system? If not, what critical information is missing, in
priority, for doing so? Also, who is performing the basic science that is relevant and accessible?

2. Do we presently have knowledge of all past and present attempts for trace sampling? Which worked,
and which didn t? Why did these fail? Are there gaps in our knowledge of sampling and can they be
identified?

3. Can we list the top three technology candidates for a next-generation trace sampler? Should we aim 
our efforts at near term advances/success in sampling technologies (12-18 months) or long-term
advances/success (2-3 yrs, or maybe even out to 3-5 yrs), or both?

4. Do we currently have the proper standards to test and measure both sampling efficiency and 
overall sampling and detection performance? If not, what areas of research need to be performed 
to provide better standards and testing methods?

5. Can we adapt advanced sampling approaches to other detection venues/con-ops and what technology
requirements are known? Do we have sufficient operational technology requirements for existing
operations?
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Presenter’s Name          June 17, 2003

Presentations on past and present sampling efforts; particle, 
swipe-based, as well as, non-contact type particle and vapor
based collection.

Example presentation: Dr. Steve Bunker, ISC/retired . . . 

2008 Trace Sampling Workshop

15

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

16

Mechanical Contact with a brush
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Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

17

Non-contact air jet

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

18

Non-contact Dry Ice Aerosol



65

Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

20

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

19

SS Single Layer Collection Trap
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Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

21

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

22
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Presenter’s Name          June 17, 2003

Summary

24

• Past workshops provided useful review/discussions, and 
produced a sampling roadmap that provided areas for 
future initiatives, direction, and potential government funding.

• Some of the items have been accomplished, but not all.

• We still do NOT have a complete data set for sample 
efficiency of COTS sampling swipes against real 
surfaces and real threats (i.e., C4, Semtex, TNT, etc.), 
hence this CoE new thrust area.

Presenter’s Name          June 17, 2003

2008 Trace Sampling Workshop

23
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14.2 Reno DeBono: State of Art in Contact Sampling Media

www.smithsdetection.comSmiths Detection: Proprietary Data

Bringing technology to life

State of Art in Contact Sampling Media
1st TESSA Workshop
August 13, 2014
Northeastern University, Boston, MA

Reno DeBono

State Of Art in Contact Sampling Media 2014  2

Outline 

• Brief history of sampling 
• Sampling in the field
• Current swab materials
• Basis of current swab design



Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

70

State Of Art in Contact Sampling Media 2014  3

Sample Collection for Trace Explosives Detection

A Brief History of Sampling

• Vacuum
• Late 80’s to early 90’s
• Continuous vacuum onto a “tape”

• Glove Sampling
• Early 90’s
• Sample large area with glove and vacuum 

onto a filter - (two step) 
• Direct Contact 

• Mid 90’s to present
• Manual hand sampling
• Sampler wands
• Integrated sampling in 2005

State Of Art in Contact Sampling Media 2014  4

Model 100: Introduced in 1990; this was 
the first production IONSCAN®

manufactured by Barringer. The Model 
100 demonstrated the viability of trace 
detection techniques.

Model 250: Introduced in 1991; 
incorporated various changes 
recommended by Model 100.

Model 350:
Introduced in 
1993; provided a 
more integrated 
package.

Model 400: introduced in 1995; was 
developed in response to customer 
preference for a smaller, lighter and less 
expensive detector.

Model 400B: Introduced in 1998; the 
basic 2 module configuration of the 
Model 400 was repackaged into a 
single module with a large color 
display.

Model 500DT: Introduced in 2005; the 
configuration of the Model 500DT was 
repackaged into a similar module, 
highly sensitive analytical  instrument 
that  simultaneously detects and 
accurately identify trace residues of a 
wide variety of narcotics and 
explosives.

Over 3 billion swab 
samples have been  

analyzed

Model 600: Introduced 
in 2014;  polarity 
switching drift tube, non-
rad source, small, light 
weight and portable.



71

Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

State Of Art in Contact Sampling Media 2014  5

Sample Collection for Trace Explosives Detection

Sampling Wands

Hand Sampling

IONSCAN 400B

IONSCAN 500DT

IONSCAN 600

State Of Art in Contact Sampling Media 2014  6

Sample Collection for Trace Explosives Detection

Sampling Rules of Thumb 

• Focus sampling on areas that have high probability of being contaminated
• Losses of picked up material proportional to additional uncontaminated surface area wiped
• Ensure proper pressure is supplied

• Why glove / vacuum sampling is not used?
• When vacuuming surfaces need physical agitation for sticky explosives 
• Gloving a surface and then vacuuming the glove was a slow and expensive process 
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State Of Art in Contact Sampling Media 2014  7

Sample Collection for Trace Explosives Detection

Real Life Sampling

State Of Art in Contact Sampling Media 2014  8

Sample Collection for Trace Explosives Detection

Types of Swab Materials

• Natural Fibres
• Cotton*
• Filter paper*

• Other
• Metal mesh
• Addition of tacky materials

• High Temperature Polymers
• Teflon
• Nomex*
• Polyimides
• Teflon coated fibreglass
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State Of Art in Contact Sampling Media 2014  9

Sample Collection for Trace Explosives Detection

Types of Swab Materials

Nomex
2005

IONSCAN 500DT

Sharkskin
2000

SABRE
MMTD

Cotton
1998

IONSCAN 400B 
IONSCAN 500DT

Tacky Paper
2014

IONSCAN 600

State Of Art in Contact Sampling Media 2014  10

Sample Collection for Trace Explosives Detection

One Size Does Not Fit All

• Instrument Models Vary
• Different swab insertion methods
• Sample flows and patterns can be different
• Range of desorber temperatures between detectors
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State Of Art in Contact Sampling Media 2014  11

Sample Collection for Trace Explosives Detection

One Size May Not Fit All

• Application-Specific
• Swab material may be good for one application but not another due to:

• Backgrounds
• Operating environment (e.g. wet/dry)
• Pickup efficiency
• Sensitivity

State Of Art in Contact Sampling Media 2014  12

Sample Collection for Trace Explosives Detection

Sampling Methods

Vacuum
• Pick up surface and airborne particles
• Good for sampling soft surfaces – i.e. cloth type
• Flow rate – good pick up vs. “stripping”
• Flow rate compromise on what is the particle size you are 

targeting

Direct Swabbing
• Need good pressure for efficient pick up
• Access to “hidden” areas with sampler - no direct hand contact
• Automatic sample insertion removes step for user
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State Of Art in Contact Sampling Media 2014  13

Sample Collection for Trace Explosives Detection

Selection Criteria

Physical Properties
• Heat Stability

• Must withstand high desorber 
temperatures up to 200°C 
possibly higher 

• Some materials scorch with high 
desorber temperatures

• Need good heat transfer to 
rapidly desorb explosives sample

State Of Art in Contact Sampling Media 2014  14

Sample Collection for Trace Explosives Detection

Thermal Desorption Profile of Swab

• 500DT AE
• Desorber temperature - 227°C
• Thermocouple top of Nomex swab 
• Inlet - 245°C
• Analysis time - 5 sec

Explosive MP ©
EGDN -22
Hydrogen peroxide (H2O2) -0.4
NG 13
DNT (2,4 isomer) 70
HMTD 75
TNT 81
TATP 91
R-Salt 102
Black Powder ( Sulfur) 115
Tetryl 129
PETN 141
Urea Nitrate (UN) 140
Ammonium Nitrate (AN) 170
RDX 204
DMNB 210
Potassium permanganate 240
sodium chlorate (NaClO3) 248
HMX 275
sodium nitrate  (NaNO3) 317
potassium nitrate  (KNO3) 314
Potassium chlorate (KClO3) 370
Sodium chlorate  (NaClO3) 248
sodium perchlorate (NaClO4) 482
Potassium perchlorate (KClO4) 610
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State Of Art in Contact Sampling Media 2014  15

Sample Collection for Trace Explosives Detection

Selection Criteria

Physical Properties 
• Withstand abrasion for harvesting from various surfaces:

• Need to be reused many times without losing integrity 
• Ability to use multiple times is key to keeping costs low

• 1 to 3 lbs pressure / drag across 

• Desorption target area is relatively small

State Of Art in Contact Sampling Media 2014  16

Sample Collection for Trace Explosives Detection

Selection Criteria

Thickness / Flexibility
• Is it suitable for manual swabbing? 
• Is it difficult to insert into sampler? 

• Examples
• Cotton is more flexible than many other materials - making it easy to swab 

with
• Filter paper/ Teflon coated fiber glass  is much stiffer than cotton - which is an 

advantage in slot-feed samplers
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Sample Collection for Trace Explosives Detection

Selection Criteria
Particle Collection Efficiency 

• Highly variable (1 - 80%) 
• Surface dependent
• Explosive dependent 
• Sampling technique dependent
• Environmental conditions
• Typically we assume < 5% 

• Need to harvest micron size particles 
• Difficult to measure efficiency accurately - variable

• Needs to be good enough at the target threat level
• Typical detector sensitivities < 1ng 

• For vacuum sampling, porosity & particle trapping 
efficiency with high air flow rate: 

• Trap micron size particles at 20 - 80 L/min

D - 1.8
Diameter 

( um)
mass         ( 

ng)

1 0.00094
3 0.025
5 0.118
10 0.94
20 7.54
50 118
100 942
500 117810
1000 942478

NIST

State Of Art in Contact Sampling Media 2014  18

Sample Collection for Trace Explosives Detection

Selection Criteria

Chemical Properties
• Background cleanliness when analyzed:

• No interference peaks / suppression

• Different modes will have different background requirements
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State Of Art in Contact Sampling Media 2014  19

Sample Collection for Trace Explosives Detection

Selection Criteria

Chemical Properties
• Typically try to keep volumes small 
• Sensitivity – solution / dry transfer tests

• Variable sensitivity – desorption profiles
• Solvent volume effects – spreading issues

State Of Art in Contact Sampling Media 2014  20

Sample Collection for Trace Explosives Detection

Selection Criteria:  Test Example

Dirt / Moisture Analysis 
• 0.6 - 2 mg of dirt is typically collected

• Nearly half the collected dirt is moisture 
• Dependent on ambient RH

• Desorption of a fresh swab after swabbing a surface
• Swab’s mass decreases by about 4.4 mg
• Source of the additional mass loss is moisture (up to 4.1 mg 

in the desorption area)

• At least 4 desorptions are required to remove all the residual 
moisture from a swab  

• For the dirt collected on a surface no more than 22% of the dirt 
material is desorbed off a swab due to single desorption

• Explosive sample is typically 1 ppm in dirt matrix

Clean

Dirty 1x

20 x Air Cargo
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State Of Art in Contact Sampling Media 2014  21

Sample Collection for Trace Explosives Detection

Selection Criteria

• Processing
• Manufacturability – conditioning, cutting, packaging, etc.
• QC to meet all applications

• May vary according to desired detection profile and FA risk
• Can any undesirable chemicals (i.e. binders) be removed? 
• Precondition and QC to ensure all detection requirements are met
• Long term effect to system – accumulation of contaminant in flow path
• Keep service cost of ownership low!!!

State Of Art in Contact Sampling Media 2014  22

Sample Collection for Trace Explosives Detection

Selection Criteria

• Costs – Keep cost down!!!!
• Low cost raw material
• Low manufacturing cost
• Repeated use
• Currently cost to customer is  < 1.5  cents per sample
• Customer is not willing to pay more and really wants to pay less

• Storage
• Need to ensure QC and other criteria are still met after storage
• Containers need to be clean and prevent outside contamination
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State Of Art in Contact Sampling Media 2014  23

Summary of Swab Selection Criteria

Properties Criteria Potential Failure Issues 

   
Background Cleanliness No background interference in

region of analytes
False alarms or missed alarms

Sensitivity Appropriate concentration of
analytes can be desorbed

Missed alarms

Porosity Allows appropriate sample flow Pressure faults in instrument
Desorption Profile Target analytes can all be desorbed

appropriately
False or missed alarms

Particle Collection
Efficiency

Within range as determined by
required surface threat levels

Too low– missed detections

Durability Number of uses, ability to survive
sampling

Increased consumable cost if
unable to reuse swab

Processing Ability to be handled and make into
swabs

Material too difficult to process

Effects on System Does not contaminate instrument Instrument Failures
Material Consistency Uniformity of product Inconsistent results, cost of QC
Material Cost Not prohibitively expensive for

consumable product
Cost

   
 

State Of Art in Contact Sampling Media 2014  24

Sample Collection for Trace Explosives Detection

What is next in the field?

• High use swabs
• Non-contact sampling systems
• Direct surface analysis 
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www.smithsdetection.comSmiths Detection: Proprietary Data

Bringing technology to life

Thank you for your attention
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14.3 David Fine: Challenges Associated with Media in                  
 Contact Sampling

CHALLENGES ASSOCIATED WITH MEDIA
IN

CONTACT SAMPLING

DAVID H FINE

SINCE 1989 WE HAVE RECOGNIZED THAT  
PROGRESS IN TRACE DETECTION IS LIMITED BY 

INADEQUATE SAMPLING 
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WHAT ARE WE SWABBING FOR?

Fingerprints or glove prints from bomb maker containing
embedded explosives particles

luggage, electronics
hands and clothing
vehicles
wallet, car keys and especially cell phones

Airborne particles from bomb factory
luggage, electronics, cell phones
hands and clothing

Contamination from handling explosives
hands and clothing
vehicles
wallet, car keys and especially cell phones

SAMPLING IDENTICAL TO CLEANING

Lessons from cleaning technology and cleaning machines

How to clean

Where to clean is our expertise

Key areas only
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WE KNOWWHAT WE NEED TO DO
WE KNOW THE DIRECTION

FORGET ABOUT THE TRADITIONAL APPROACHES

6
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SANDBLASTING
WAY TOO AGGRESSIVE and impractical
It removes the entire surface

SANDPAPER ALSO REMOVES SURFACE
WIPE SHOULD BE ROUGH BUT NOT ABRASIVE
AVOID SUBSTRATE FROM DAMAGING EXPLOSIVES DETECTOR
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HIGH PRESSURE WATER JET
IMPRACTICAL AND MESSY

WET MOPPING A FLOOR
REQUIRES LIQUID CLEANING AGENT TO CLEAN AND DISLODGE PARTICLES
SUGGESTS MOIST WIPES MAY BE USEFUL ON LARGE SMOOTH SURFACES
For explosives residue select only a few key regions to sample
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CLEANING A MIRROR
WIPING WITH WET AMMONIA CLEANING SOLUTION AND RUBBING
MOIST SWAB ON SMOOTH SURFACE EFFECTIVE AT REMOVING FINGERPRINTS
This is an excellent self testing surface since the fingerprints are visible

VACUUM CLEANING OF FABRIC
VACUUMING ALONE CAN BE EFFECTIVE FOR DRIED SAMPLES

Beware of explosives dogs as they
can be contaminated
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CARPET CLEANING
FOAM CHEMICAL CLEANER, RUBBING, VACUUM
SUGGESTS MOIST SWABBING AND VACUUM EFFECTIVE FOR EXPLOSIVES

CARPET CLEANING TECHNOLOGY
WET FOAM, BRUSH VIGOROUSLY, VACUUM, TRAP PARTICLES
CONCEPT MAY BE VIABLE FOR EXPLOSIVES SAMPLING
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WHOLE BODY SAMPLING NOT PRACTICAL FOR AIRLINE PASSENGERS

JUST FOCUS ON HANDS
WATER, SOAP AND RUBBING
SUGGESTS WIPES WILL BE MORE EFFECTIVE IF MOIST
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DISLODGE PARTICLES WITH HEAT AND THEN VACUUM

17

WORKED WELL BUT SOMETIMES BURNED FABRIC, CLOTHES AND SKIN

WHERE TO SAMPLE

People Hands
Side pockets
Waist, belt and fly
Cell phone, wallet, keys

Luggage Handles or straps
Zipper pulls
Latches

Packages Edges and Labels

Vehicles Steering wheel
Gear lever
Door handles

Hood and trunk
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NEED TO COLLECT ALL TYPES OF EXPLOSIVES

Vapor pressure of key materials vary by seven orders of magnitude

• RDX, PETN, TNT, NH4NO3

– Need particles 
– Fingerprints stick to surfaces
– Amenable to wiping

• EGDN, NG, DNT’s, PEROXIDES
– Some residues evaporate quickly
– Wipe needs absorbant coating or stripe to hold vapor

• UNKNOWN EXPLOSIVE FORMULATIONS

IDEAL WIPE MATERIAL

• Rough  but not abrasive

• Absorbant for explosives vapors if detector is vapor capable

• Moist with solvent that does not interfere with detector

• Wipe material must be stable when heated

• Reusable or low cost
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BE CAREFUL OF WHAT WEWISH FOR
All explosives
All surfaces
All conditions
All the time
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14.4 Jennifer Verkouteren: Effects of Substrate Properties on   
 Contact Sampling Effectiveness

EFFECTS OF SUBSTRATE PROPERTIES 
ON CONTACT SAMPLING 
EFFECTIVENESS

Jennifer Verkouteren
NIST

Particles (Fluorescent 
Microspheres)

A

B
C

D

E
F

force
sample

wipe

velocity

substrate

Standard Practice in development ASTM E54.01

Evaluate collection 
efficiency from 
different substrates

Control particle size

Substrate
Vinyl
Plastic
Metal
Cardboard
Tape
Etc.

Force
Fixed weight
Fixed area (pressure)

Standardized Particle Collection Efficiency 
Measurements
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Collection Efficiency from 2 Substrates

0

10

20

30

40

50

60

surface 1 surface 2

C
E,

 % 40 um
10 um

Source: Verkouteren et. al (2008) Meas. Sci. 
Technol, 19, 115101.

Collected by 1 type of wipe at 
light pressure

Surface 1 – textured vinyl
Surface 2 – smooth vinyl

Polystyrene 
spheres

5 Substrates, 2 Swabs

Textured
Vinyl

Smooth
Vinyl

Canvas Nylon Cardboard

5 substrates

Adhesive swabs 
outperform on all 
substrates

Data from J. Staymates, NIST
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Choice of Substrates for Testing
• Relevant to screening environment

• highest expected levels of residue?
• or easiest to sample from?

• Representative of substrate “class”
• texture, composition, etc.

• Can obtain large quantities
• or everyone can get the same thing

• Can get in dimensions desired
• defined by standard tests

• Stable over time

Brushed (#4) stainless steel

Vinyl Countertop (Synthetic) leather

PVC ID card

4 Potential Choices
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Generalized Texture
Synthetic Leather

• soft
• flexible
• porous
• rough

• hard
• rigid
• non-

porous
• rough

Vinyl Countertop

• hard
• rigid
• non-

porous
• smooth

• hard
• rigid
• non-

porous
• oriented 

texture

Brushed Stainless SteelPVC ID Card

Surface Roughness Measurements: 
White Light Interferometric Microscopy

A non-contact quantitative 3D imaging 
technique that uses white light to 
assemble a topographic image of a 
surface.  

Capabilities
Large lateral (cm) and vertical (mm) 
range 
High vertical resolution.  Sub-nm 
possible with very flat surfaces (PSI 
mode)
Full 3D surface analysis software 
package
Self calibrating through internal 
reference laser

Beamsplitter

Illuminat
or

Microscope
Objective

Translator 

Mirau
Interferometer

Halogen 
Lamp

Aperture
Stop

Field
Stop

Sample

CCD
Measurement 
Signal 

Experimental Setup 

OPD

In
te
n
si
ty

0

Dr. Richard Gates, NIST, Materials Measurement Sciences Division
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Measurements of Test Substrates

Stainless Steel Countertop

Data courtesy Dr. Richard Gates, NIST, Materials Measurement Sciences Division

8 m deep

PVC ID Card Synthetic Leather

Roughness Results

Average Rq (RMS) roughness

All substrates Rq  1 m 
except for PVC ID card

Some analysis difficulties with synthetic leather substrate
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Measurements of Frictional Force During Sampling

Frictional force

Teflon (Bytac) 
against surface 
using a 550 g 
applied load

slip/peel tester

Sample Final Tape Pull

Stainless 
Steel
Substrate
(Not 
sticky)

Glass
Substrate
(Not sticky)

Tape
Substrate
(Sticky)

Need a Measure of Adhesion (Steve)

Fingers loaded with 
ammonium nitrate 
particles

Transferred to 3 
substrates

Finish with tape pull

More particles transfer from fingers to 
sticky substrates

But they also will be harder to remove
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Affect of Surface on Residue Characteristics

• In the real residues
• Number of particles
• Particle Size

• In the prepared test samples
• Wetting properties affect ability to prepare test samples from 

solution
• Texture affects ability to dry transfer

Solution Deposition on Substrates

PVC Plastic

Stainless Steel

Particle sizes all 
 1 m

No discrete particles

220 m

250 m
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18 drops/spot, ~ 22 pL/drop, ~ 403 pL/spot
0.4 ng RDX/spot
17 m avg diameter
Dome with 2 m height.

17 m

500 m

0.4 ng RDX

Bytac

RDX Dry Transfer Test Materials

RDX Dry Transfer to Synthetic Leather

Many particles 
remain intact 
(~ 17 m diameter)

Some break 
apart, down to 
1 m size

Transfers on top surfaces (not in valleys)
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Dry Transfer to Stainless Steel

500 m

Particles break into 1 – 5 m range

Particles aligned 
along linear 
features

Dry transfer motion

and trapped in 
valleys 

Transfer Efficiency Measurements
Surface Transfer 

Efficiency Problem

Stainless Steel 100 %
Synthetic 
Leather >90 %

Ctop 60 - 80 % Needs multiple 
passes

PVC 0 % Surface needs 
roughening

Roughen PVC by dip in acetone
70 % transfer efficiency

No Transfer to PVC because Rq < .1 m

Particles 1-5 m
Particles 1-20 m

Particles 1-5 m
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Standardized Sampling Tests
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start

end
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Use ETD Alarm and Peak 
Intensity to Evaluate 
Collection Efficiency

Particle 
Deposit

Staymates, Grandner, Verkouteren (2013) 
IEEE 13 (12) 4844-4850, DOI: 
10.1109/JSEN.2013.2274573

Collection Efficiency from Standardized 
Sampling Test

3 x 3 4 x 4 5 x 5

Change mass loading by changing array size
• Each array element stays the same 

• 0.4 ng RDX, ~ 20 m diameter

10 cm x 10 cm sampling area
Fixed path and sampling force
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Effect of Oriented Texture

texture100 % alarm 
rate for 2 X 2 
(1.6 ng)

0 % alarm 
rate for 2 X 2

Sample path

• Encourages maintaining same direction during sampling
• In this case, need to sample with the grain
• Shows how surface texture can affect collection/redeposition

Stainless Steel

Non-flat Surfaces

operator flat surface hand
force, N force, N

3 10.5 (±1.4) 2.3 (max 3.3)

7 11.4 (±2.4) 1.3 (max 1.8)

20 7.4 (±1.8) 1.2 (max 1.8)

Difficulties with applied force and contact area
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Additional Considerations
• Triboelectric charging of surfaces

• Electrostatic collection of particles

• Chemical background of surfaces
• May not affect sampling efficiency but may confound measurement

• Stability
• Surface chemistry and texture, adhesion, etc. 

Additional Information

42 relevant publications and 
reports

Draft standard practice

Chart of sampling 
measurements to date coded 
for different factors
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14.5 Elaine Jappinga: Challenges Associated with Substrate    
 Properties during Contact Sampling

Trace Explosives Sampling for Security 
Applications (TESSA) Workshop

13 August 2014

“Challenges Associated with Substrate 
Properties during Contact Sampling”

Elaine M. Jappinga

Slide 2

Objective  

• Discuss substrates used for ETD qualification

• Harvesting Effectiveness using various amounts 
of sampling pressure

• Expansion of substrates list used for 
qualification testing

* Actual explosives names, detection levels and test Pd will not 
discussed in this unclassified meeting status. 
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Slide 3

Current Substrates  

Checkpoint and Checked Baggage Substrates

Slide 4

Current Substrates  

Cargo
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Slide 5

Harvesting vs Substrate  
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R² = 0.7276
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Slide 6

Harvesting vs Substrate
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R² = 0.4803
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Slide 7

Harvesting vs Substrate  
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Slide 8

Harvesting vs Substrates
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R² = 0.0391
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Slide 9

Harvesting vs Substrates
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Slide 10

Harvesting vs Substrate  
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Slide 11

Harvesting vs Substrate  
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Slide 12

Harvesting vs Substrates
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Slide 13

Other ETDs

• Implant Sciences QS-B220

• Morpho/Syagen MS

• FLIR Griffin 844

Slide 14

Challenges

• Each OEM chooses their sample media
• Cotton Swabs
• Nomex Swabs
• Filter Paper Traps
• Teflon coated fiberglass Traps

• Current substrates used are “outdated” when 
compared to items sampled
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Slide 15

Challenges

• Most efficient sampling pressure applied 
per sample media varies per substrate.

• No “single use” or “OEM blind” sample 
media developed.

• No studies of temperature, relative humidity 
or other environmental conditions effects on 
the release of particles from substrates  

Slide 16

Conclusion

• Each type of sample media has a different 
harvesting efficiency from each substrate at 
different sampling pressures.

• Number of uses of each sample media must 
be considered.

• Current substrate list needs to be updated to 
keep pace with sampling protocols.
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Slide 17

Slide Title 
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14.6 John Parmeter: Effects of Explosive Type and Form on    
 Contact Trace Sampling Effi ciency

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed Martin 
Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2011-XXXXP

Effects of Explosive Type
and Form on Contact Trace
Sampling Efficiency
John Parmeter
Sandia National Laboratories
(505) 845 0894
jeparme@sandia.gov

Trace Explosive Sensing for Security Applications
Workshop
Northeastern University
13 August 2014

Acknowledgement: “This material is based upon work
supported by the U.S. Department of Homeland Security.”
Disclaimer: “The views and conclusions contained in this
document are those of the authors and should not be
interpreted as necessarily representing the official policies,
either expressed or implied, of the U.S. Department of
Homeland Security.”
Special thanks to Dr. Richard Lareau, Brendan Rafferty, and
the workshop organizers

2
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Outline

Contact sampling issues – those covered and not covered in
this presentation
Explosive type: RDX, TNT, NG
Form of explosive: RDX from solution vs. C 4; NG from
smokeless powder versus NG from dynamite
Additional comments on
1. Wet versus dry sampling
2. How volatile can an explosive be before trace contact sampling

becomes ineffective?
3. Human factors (variation for one sampler, sampler to sampler

variation)

3

General Comments

Most work to be presented is from a DHS study to quantify
trace contamination on vehicles loaded with bulk explosives.
Approximate quantification of sampling efficiencies was
important, but intent was to estimate sampling efficiencies,
not try to maximize them, nor to measure them as accurately
as possible.

4
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Factors Affecting Contact Sampling
Efficiency

Type of sampling medium: covered in another talk at this workshop
– work presented here used Smiths Ionscan 400B swabs
Type of surface: covered in another talk at this workshop – work
presented here used 4” square coupons cut from a vehicle hood
Type and form of explosive: main emphasis of this talk
Human factors: not a primary focus of this workshop but some data
presented
Wet versus dry sampling: limited data presented
Explosive volatility: limited data on usefulness of contact sampling
versus explosive vapor pressure
Environmental factors – temperature, humidity, etc. – not covered
in this talk

5

Standard Procedure to Quantify
Sampling Efficiency in this Study

Use syringe to deposit known amount of explosive
in standard solution onto Bytac dry transfer strip
provided by TSL; let solvent evaporate
Use Bytac strip to perform dry transfer onto 4”
square coupon from vehicle hood
1. Other studies had shown the dry transfer efficiency

was typically > 90%
2. Confirmed in our work by small masses of explosive

remaining on used Bytac strips
Deposit 100 μl isopropanol onto Smiths 400B swab
and swipe the hood coupon; an identical swab is
used to swipe the used Bytac strip following the dry
transfer
Place swabs in vials with 2 ml acetonitrile and
refrigerate
Analyze with GC ECD ( 20%)

•

6
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Dry vs. Wet Sampling: RDX

84 ng RDX from solution deposited onto hood coupons
Two samplers, each swiping one hood coupon with a dry Ionscan 400B
swab, an identical swab wetted with isopropyl alcohol (IPA), and a
prepackaged commercial IPA wipe
This was a quick, semi quantitative experiment but it suggests that
wetting may improve sampling efficiency. However, in real world
applications wetting the swipe adds time and effort, so dry sampling
may be preferred.

Dry Ionscan
Swab

IPA Wetted
Ionscan

Swab

Prepackaged 
IPA Swipe*

First Swipe 
Efficiency 15 - 20% 40 - 47% 38 – 54%

Eight Swipes 
Efficiency 31 – 35% 62 – 70% 83 – 115%

* High chromatographic background made quantification difficult 7

Sampling Efficiency Data: RDX from C 4

Bytac strips from TSL containing approximately 110 ng C 4,
dry transfer to hood coupons
Sample hood coupon with Ionscan 400B swab wetted with
100 μl isopropanol
Efficiency similar to RDX from standard solution

RDX from C-4

Sampler 1
(n=45)

Sampler 2
(n=20)

49 ± 16% 49 ± 9%

8
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Sampling Efficiency Data: TNT

~104% (100% within experimental error) recovery for direct
solution deposit onto swab
~97% recovery for direct swipe of Bytac strip with deposited TNT
~6% recovery from used Bytac strip
~58% sampling efficiency for swipe of hood coupon with TNT
deposited via dry transfer

Sampler
Hood Piece 

Swipes 
(n=19-20)

Used Bytac Strip 
(n=19-20)

Direct Swipes of 
Bytac Strip (n=3)

Direct Deposit 
onto Swabs 

(n=3)
Sampler 1 52.7 ± 8.4 2.5 ± 3.5 95 ± 5.0 102 ± 16.1

Sampler 2 54.1 ± 15.5 11.9 ± 14.1 95 ± 15.0 107 ± 5.7

Sampler 3 67.5 ± 9.1 2.7 ± 4.4 102 ± 7.6 102 ± 7.6

Average 58.1% 5.7% 97.3% 104%

9

Sampling Efficiency Data: NG from
Smokeless Powder

Smokeless powder 40% NG by weight
Standard solution of smokeless powder in acetonitrile nominally
100 ng/μl NG
Solution deposit onto Bytac strip, then dry transfer to hood coupon

Sampler
Swipes from 

Hood
Pieces (n=20)

Swipes from 
Used 

Bytac Strips 
(n=20)

Swipes from 
Unused Bytac

Strips
(n=3) 

Direct Deposit
onto Swabs 

(n=3)

Sampler 1 46.7 ± 9.1 3.5 ± 3.6 85.0 ± 0.0 103 ± 5.8
Sampler 2 36.6 ± 9.2 0.9 ± 1.8 69.3 ± 20.5 87.0 ± 10.6
Sampler 3 43.2 ± 9.3 6.0 ± 6.8 65.0 ± 5.0 117 ± 4.6
Sampler 4 53.0 ± 18.7 6.8 ± 7.8 85.0 ± 13.2 103 ± 5.8
Average 44.9 4.3 76.1 102.5

10
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Sampling Efficiency Data: NG from
Dynamite

Dynamite is 22% EGDN and 4.4% NG by weight
Standard dynamite solution in acetonitrile ca. 70 ng/μl NG
and 300 ng/μl EGDN
Solution deposit onto Bytac strip followed by dry transfer to
hood coupon

NG from Dynamite
Sampler 1
(n=20)

Sampler 2
(n=20)

82 ± 15% 67 ± 18%

11

Attempts to Measure Contact Sampling
Efficiency for EGDN Failed

Nominal efficiency for both samplers 15 20% using same dynamite
solution and same procedure as for NG
EGDN vaporizes too quickly to obtain meaningful results
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1 in 1015
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Nano = 1 x 10-9

Pico = 1 x 10-12

1 fingerprint = ~100 μg
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0.3 pg/cc
0.06 
pg/cc

12
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Summary

Direct contact sampling efficiencies often near 50% (RDX from
C 4, TNT, NG from smokeless powder)
Wetting swab appeared to improve efficiency in our study
Sampling efficiencies appear to differ for NG from smokeless
powder solution and NG from dynamite solution
EGDN is too volatile to quantify using our methods

TNT C-4 Smokeless 
Powder Dynamite

Sampler TNT RDX NG NG
1 53 ± 8 49 ± 16 47 ± 9 82 ± 15
2 54 ± 16 49 ± 9 37 ± 9 67 ± 18
3 68 ± 9 43 ± 9
4 53 ± 19

Average 58 ± 11% 49 ± 13% 45 ± 12% 75 ± 17%

13



121

Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

14.7 Polly Gongwer: Challenges Associated with Residue Properties  
 During Contact Sampling

Challenges Associated with Residue 
Properties During Contact Sampling

Trace Explosives Sampling for Security Applications 
(TESSA) Workshop Series 01

August 13, 2014

Polly Gongwer, Ph.D.
Research Chemist
Transportation Security Laboratory
DHS Science and Technology Directorate 

Presenter’s Name          June 17, 2003

Explosives characterization

Explosives interact with surfaces

Explosives interact with sampling media

Environmental effects

Con Ops and cost considerations

Potential residue studies

2

Overview



Trace Explosives Sampling for 
Security Applications 

Final Report
August 2014 Workshop

122

Presenter’s Name          June 17, 2003

Particle size 
(shape/morphology)

Pure or mixture 
(binders/oils, 
fingerprints/airborne)

Vapor pressure (will 
residue remain?)

Replicating residues for 
studies

Residue Characteristics of Explosives

3

Presenter’s Name          June 17, 2003

Explosives residues need to adhere to surfaces so signature is 
available for sampling (this is why trace works!)

Surfaces then need to release explosives residues for 
harvesting

Characteristics to consider include:
Electrostatic (stretch wrap, plastics, metals)
Physical (rough surfaces, folds, irregularities, dirt)
Chemical (coatings, processing agents, dirt, ,moisture)

4

Surface Interactions
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Presenter’s Name          June 17, 2003

Explosives residues need to 
adhere to sampling media 
after being liberated from 
surfaces

Sampling media then need 
to release explosives 
residues for detection

Characteristics to consider:
Electrostatic
Physical (pore size, dirt)
Chemical (coatings, moisture)

Sampling Media Interactions

5

Presenter’s Name          June 17, 2003

Durability of explosive 
residue is influenced by:

Temperature (vapor pressure)
Humidity (surface/explosive 
interaction)
Wind (evaporation, sample loss)
UV radiation
Vibration
Time

Environmental Effects

6
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Presenter’s Name          June 17, 2003

Trace residue is not uniformly distributed over a surface 
(where to sample, contamination mapping)

Sampling a large surface area (large items, effects of smearing 
of residue (collect early) or dirt (collect late))

Multiple use sampling media (effect on harvesting 
effectiveness, accumulation of dirt)

7

Con Ops and Cost

Presenter’s Name          June 17, 2003

Surface/residue/sampling 
media harvesting efficiency 
(slip-peel-meter studies: 
NIST developed process, 
expand characterization 
and establish standard 
method)

Contamination mapping

Potential Residue Studies

8

Best methods for generating residues for studies (artificial vs. 
bulk derived, concentration vs. deposit volume)

Surface/particle adhesion properties under varied 
environmental conditions (temperature, humidity)
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