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(54) Hand-held trace particle sampling system and method of operating the same

(57) A particle impact device for a hand-held trace
particle detection system includes an intake manifold that
includes a first conduit defining an intake port. The intake
port defines a first transport area. The intake manifold
also includes a second conduit coupled to the first con-
duit. The second conduit defines a discharge port that
defines a second transport area. The first transport area
is greater than the second transport area. The particle
impact device also includes a combined deposition and
deflection apparatus positioned downstream of the dis-
charge port. The combined deposition and deflection ap-
paratus defines a deposition and deflection surface po-
sitioned a predetermined distance from the discharge
port. The deposition and deflection surface is configured
to deflect a fluid stream and collect at least a portion of
particles entrained in the fluid stream.
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Description

BACKGROUND OF THE INVENTION

[0001] The embodiments described herein relate gen-
erally to a hand-held trace vapor and particle sampling
system and, more particularly, to a hand-held trace par-
ticle sampling system for enhancing detection of materi-
als of interest.
[0002] At least some known hand-held trace particle
sampling systems are used to detect trace portions of
materials of interest, e.g., residues. As used herein, the
term "material of interest" refers to threat compounds and
other contraband substances such as explosives, espe-
cially home-made explosives (HME), and narcotics that
may compose a threat in an inspected region. In addition,
such "materials of interest" may include compounds as-
sociated with chemical and biological weapons. Such
hand-held trace particle sampling systems are portable
devices used to detect residue from materials of interest
on skin, clothing, parcels, bags, cargo, vehicles, and oth-
er surfaces. Therefore, such hand-held trace particle
sampling systems are used either as a stand-alone meth-
od of detection or are used in conjunction with other sys-
tems, e.g., x-ray scanners, metal detectors, and canine
patrols, that may use a variety of detection technologies,
e.g., mass spectrometry, ion mobility spectrometry, and
optical spectroscopy.
[0003] Many known hand-held trace particle sampling
systems include sample collection, sample concentra-
tion, sample delivery, and sample analysis features.
However, at least some of such hand-held trace particle
sampling systems are not configured to collect and con-
centrate trace samples sufficiently and may, therefore,
experience a non-detect event due to a failure of sufficient
sample delivery for analysis.

BRIEF DESCRIPTION OF THE INVENTION

[0004] In one aspect, a particle impact device for a
hand-held trace particle detection system includes an in-
take manifold. The intake manifold includes a first conduit
defining an intake port that defines a first transport area.
The intake manifold also includes a second conduit cou-
pled to the first conduit. The second conduit defines a
discharge port that defines a second transport area. The
first transport area is greater than the second transport
area. The particle impact device also includes a com-
bined deposition and deflection apparatus positioned
downstream of the discharge port. The combined depo-
sition and deflection apparatus defines a deposition and
deflection surface positioned a predetermined distance
from the discharge port. The deposition and deflection
surface is configured to deflect a fluid stream and collect
at least a portion of particles entrained in the fluid stream.
[0005] In another aspect, a method of collecting a trace
sample from an object for detection by a detector is pro-
vided. The method includes channeling a fluid stream

including the trace sample through an intake manifold.
The method also includes directing the fluid stream and
the trace sample toward a combined deposition and de-
flection apparatus. The method further includes imping-
ing at least a portion of the trace sample on the combined
deposition and deflection apparatus. The method also
includes directing the fluid stream around the combined
deposition and deflection apparatus.
[0006] In yet another aspect, a hand-held trace particle
detection system is provided. The hand-held trace parti-
cle detection system includes a casing defining a slot and
a particle impact device. The particle impact device in-
cludes an intake manifold that includes a first conduit
defining an intake port that defines a first transport area.
The particle impact device also includes a second conduit
coupled to the first conduit. The second conduit defines
a discharge port that defines a second transport area.
The first transport area is greater than the second trans-
port area. The particle impact device also includes a com-
bined deposition and deflection apparatus inserted into
the slot and positioned downstream of the discharge port.
The combined deposition and deflection apparatus de-
fines a deposition and deflection surface positioned a
predetermined distance from the discharge port. The
deposition and deflection surface is configured to deflect
a fluid stream and collect at least a portion of particles
entrained in the fluid stream.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGs. 1-15 show exemplary embodiments of
the systems and methods described herein.

FIG. 1 is a schematic view of an exemplary hand-
held trace particle detection system;

FIG. 2 is a schematic cutaway side view of an ex-
emplary demonstration of the principles of a particle
impact device of the hand-held trace particle detec-
tion system shown in FIG. 1;

FIG. 3 is a schematic cutaway overhead view of an
exemplary particle impact device of the hand-held
trace particle detection system shown in FIG. 1;

FIG. 4 is a schematic cutaway side view of the par-
ticle impact device shown in FIG. 3;

FIG. 5 is a schematic perspective view of a portion
of the particle impact device shown in FIGs. 3 and 4;

FIG. 6 is a schematic side view of the particle impact
device shown in FIGs. 3 and 4 with exemplary pres-
sure relationships shown therein;

FIG. 7 is a schematic side view of the particle impact
device shown in FIGs. 3 and 4 with exemplary ve-
locity relationships shown therein;

1 2 



EP 2 778 650 A2

3

5

10

15

20

25

30

35

40

45

50

55

FIG. 8 is a schematic side view of the particle impact
device shown in FIGs. 3 and 4 with an exemplary
trajectory of particles having a diameter of approxi-
mately 3 micrometers (mm);

FIG. 9 is a schematic side view of the particle impact
device shown in FIGs. 3 and 4 with an exemplary
trajectory of particles having a diameter of approxi-
mately 10 micrometers (mm);

FIG. 10 is a schematic view of an exemplary distri-
bution of particles having a diameter of approximate-
ly 1 micrometer (mm) using the particle impact device
shown in FIGs. 3, 4, and 6-9;

FIG. 11 is a schematic view of an exemplary distri-
bution of particles having a diameter of approximate-
ly 3 micrometers (mm) using the particle impact de-
vice shown in FIGs. 3, 4, and 6-9;

FIG. 12 is a schematic view of an exemplary distri-
bution of particles having a diameter of approximate-
ly 10 micrometers (mm) using the particle impact de-
vice shown in FIGs. 3, 4, and 6-9;

FIG. 13 is a tabular view of the distributions shown
in FIGs. 10, 11, and 12;

FIG. 14 is a schematic cutaway side view of an ex-
emplary alternative particle impact device that may
be used with the hand-held trace particle detection
system shown in FIG. 1; and

FIG. 15 is a schematic cutaway side view of an ex-
emplary alternative particle impact device that may
be used with the hand-held trace particle detection
system shown in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0008] The hand-held trace particle detection systems
described herein provide a cost-effective method for de-
tecting trace portions of materials of interest, e.g., resi-
dues. Specifically, the hand-held trace particle detection
systems described herein are configured to collect and
concentrate trace samples sufficiently to obtain a suffi-
cient sample for delivery to the analysis equipment,
thereby significantly reducing non-detect events. More
specifically, the embodiments described herein include
a particle impact device that includes an intake manifold
that facilitates a pressure profile and a velocity profile
that facilitates collection of the sample from the surface
of an object. Also, the embodiments described herein
include a combined deposition and deflection apparatus
positioned downstream of that defines a deposition and
deflection surface configured to deflect a fluid stream and
collect at least a portion of particles entrained in the fluid
stream. The embodiments of the deposition and deflec-

tion surface may include a dosimeter film or sensor con-
figured to capture the particles or a porous material con-
figured to be heated and to at least partially vaporize the
particles. Other active collection surfaces may also be
used. The deflected fluid stream is channeled away from
the collected particles through a fluid deflection channel.
In addition, the hand-held trace particle detection sys-
tems described herein include an air jet impingement
manifold extending about the intake manifold and directs
a jet of fluid onto an object to facilitate sample dislodge-
ment.
[0009] FIG. 1 is a schematic view of an exemplary
hand-held trace particle detection system 100. In the ex-
emplary embodiment, hand-held trace particle detection
system 100 includes a housing or casing 101. Casing
101 at least partially defines an intake port 102. A sample
cartridge slot 104 is defined in casing 101 and is config-
ured to receive a sample cartridge (not shown ion FIG.
1). In the exemplary embodiment, electric power is pro-
vided by a battery 106 and controlled through a trigger
device 108 that includes, without exception, a slidable
ON/OFF switch or a depressible button. Electric power
may also be supplied from a standard 110-volt outlet.
Hand-held trace particle detection system 100 is control-
led by a programmable controller 109 and monitored
through an interface 110, including, without exception, a
liquid crystal display monitor, a touch screen, and a key-
pad. The number of collected samples can be displayed
by monitor 110. A detector 112 is mounted on a bottom
114 of system 100. Alternatively, detector 112 may be
mounted to any portion of system 100 that enables op-
eration of detector 112 and system 100 as described
herein, including, without limitation, internal to casing
101. System 100 also includes a fluid transport apparatus
116 that is any device that moves a fluid, e.g., air that
enables operation of system 100 as described here, for
example, and without exception, a fan, a pump, and a
blower. System 100 includes any number of fluid trans-
port apparatus 116 that enables operation of system 100
as described here.
[0010] In operation, a first mode of operation includes
sliding trigger device 108 from OFF to ON to energize
fluid transport apparatus 116 continuously until trigger
108 is released. A jet of air (not shown in FIG.1) is directed
from fluid transport apparatus 116 through intake port
102 toward a surface of an object (neither shown in FIG.
1). Also, a suction induced by fluid transport apparatus
116 pulls particle samples (not shown in FIG. 1) into cas-
ing 101 for transfer to a sample cartridge (not shown in
FIG. 1) for analysis by detector 112. Controller 109 reg-
ulates operation of fluid transport apparatus 116 and de-
tector 112. Alternatively, programmed operation may be
used, such programmed operation including, for exam-
ple, one or more samplings with a predetermined, fixed-
duration sampling period initiated through depression of
trigger device 108. Multiple depressions of trigger device
108 may be used to activate fluid transport apparatus
116 for the fixed-duration sampling period multiple times
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for a single object to cover the desired areas thereof.
[0011] FIG. 2 is a schematic cutaway side view of an
exemplary demonstration of the principles of a particle
impact device 150 of hand-held trace particle detection
system 100. Particle impact device 150 includes an in-
take manifold 152 that defines air intake port 102 and a
sample transport channel 154. Casing 101 and intake
manifold 152 define an air jet impingement manifold 156
that defines an air jet impingement channel 158 and an
air jet impingement port 160. Air jet impingement port
160 and air intake port 102 are proximate each other and
define a substantially annular configuration. Fluid trans-
port apparatus 116 is coupled in flow communication with
air intake port 102 and sample transport channel 154.
Fluid transport apparatus 116 is also coupled in flow com-
munication with air jet impingement channel 158 and air
jet impingement port 160. When energized, fluid trans-
port apparatus 116 induces a suction flow as indicated
by arrows 162. Also, when energized, fluid transport ap-
paratus 116 induces an air jet impingement flow, as in-
dicated by arrows 164, thereby directing a jet of fluid onto
an object (not shown) through air jet impingement man-
ifold 156. Sample transport channel 154 defines a dis-
charge port 166.
[0012] Also, particle impact device 150 includes a com-
bined deposition and deflection apparatus 170 posi-
tioned downstream of discharge port 166. Combined
deposition and deflection apparatus 170 defines a dep-
osition and deflection surface 172 positioned a predeter-
mined distance D from discharge port 166. Deposition
and deflection surface 172 is configured to deflect a fluid
stream (defined by arrows 174) and collect at least a
portion of particles (not shown in FIG. 2) entrained in fluid
stream 174. In this embodiment, combined deposition
and deflection apparatus 170 is a sample cartridge in-
serted into sample cartridge slot 104. The sample car-
tridge includes a dosimeter sensor 176 and a transceiver
178. Sensor 176 of combined deposition and deflection
apparatus 170 is mounted on a replaceable cartridge that
does not impede the air-jet impinger or the intake flow.
Transceiver 178 is fixedly mounted. Combined deposi-
tion and deflection apparatus 170 and casing 101 at least
partially define a fluid deflection channel 180 coupled in
flow communication with fluid transport apparatus 116.
[0013] Combined deposition and deflection apparatus
170 acts as a momentum impactor that facilitates im-
pingement of the particles on the sensor surface, i.e.,
deposition and deflection surface 172, while deflecting
the air flow. Variables that have predetermined ranges
to facilitate particle collection in a particle diameter range
between approximately 3 microns (mm) and approxi-
mately 30 mm include, without limitation, the volumetric
flow rate through sample transport channel 154, the inner
diameter of fluid deflection channel 180, which governs
the linear flow velocity, and the annular height and area
transverse to deposition and deflection surface 172 to
match the conductance of sample transport channel 154
and the major transverse flows, i.e., suction flow 162 and

fluid stream 174. Fluid stream 174 is channeled to the
pressure side of fluid transport apparatus 116 and deliv-
ered through air jet impingement port 160 onto the sam-
pling surface (not shown in FIG. 2). Alternative embodi-
ments of combined deposition and deflection apparatus
170 include, without limitation, any chemical analysis de-
vice that enables operation of particle detection system
100, including, without limitation, a heated porous metal
surface that vaporizes the particles so that the vapors
enter into a detector device for analysis. Such metal sur-
face may be always hot to give immediate vaporization
or it could be turned on and off at designated times, e.g.,
with trigger device 108.
[0014] FIG. 3 is a schematic cutaway overhead view
of an exemplary particle impact device 200 that may be
used with hand-held trace particle detection system 100.
Particle impact device 200 is similar to particle impact
device 150 (shown in FIG. 2) with the exception of device
200 having a guide 202 extending through air jet impinge-
ment channel 158 and partially into intake manifold 152.
Guide 202 is coincident with sample cartridge slot 104.
Guide 202 facilitates insertion and removal of combined
deposition and deflection apparatus 170.
[0015] FIG. 4 is a schematic cutaway side view of par-
ticle impact device 200. Particle impact device 200 in-
cludes an intake manifold 204 that defines a sample
transport channel 206 and a wide-mouthed air intake port
208. A portion of intake manifold 204 and sample trans-
port channel 206 are frustoconical. The frustoconical
configuration facilitates velocity and pressure profiles
within sample transport channel 206 as described below.
Particle impact device 200 also includes an air jet im-
pingement channel 210 that narrows from fluid transport
apparatus 116 (shown in FIGs. 1 and 2) to an air jet im-
pingement port 212 such that a pressure with channel
210 and velocity of impingement air jets 214 exiting port
212 are increased to facilitate dislodging particles 215
(only one shown in FIG. 4) from an object 216. Particles
215 are directed toward a sensor 218.
[0016] FIG. 5 is a schematic perspective view of a por-
tion of particle impact device 200, i.e., combined depo-
sition and deflection apparatus 170 and deposition and
deflection surface 172 as defined by sensor 218. Sensor
218 includes a sensor surface 220 that at least partially
defines surface 172. Predetermined values of air flow
across sensor surface 220 facilitates capture of particles
215 by sensor 218.
[0017] FIG. 6 is a schematic side view of particle impact
device 200 with exemplary pressure relationships shown
therein. A set of orthogonal axes 225, i.e., a horizontal
z-axis, a vertical y-axis, and an x-axis (shown perpendic-
ular to page) are shown for reference. In the exemplary
embodiment, particle impact device 200 includes intake
manifold 204 and sample transport channel 206. Intake
manifold 204 includes a frustoconical first conduit 230
that defines a frustoconical first portion 232 of sample
transport channel 206. Frustoconical first conduit 230 al-
so defines wide-mouthed air intake port 208 that is sub-
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stantially circular and parallel to the z-axis. First conduit
230 further defines a first transport area 234 parallel to
air intake port 208 that varies as a function of position
along the y-axis.
[0018] Intake manifold 204 also includes a cylindrical
second conduit 240 coupled to first conduit 230. Cylin-
drical second conduit 240 defines a cylindrical second
portion 242 of sample transport channel 206 that is cou-
pled in flow communication with first portion 232. Second
conduit 240 also defines a second transport area 244
parallel to air intake port 208 that is substantially constant
as a function of position along the y-axis. Second trans-
port area 244 is less than first transport area 234. Second
conduit 240 further defines a discharge port 246 posi-
tioned a predetermined distance D from sensor 218 of
combined deposition and deflection apparatus 170. Dis-
charge port 246 and surface 172 (shown in FIG. 5) of
sensor 218 are substantially parallel.
[0019] Also, in the exemplary embodiment, particle im-
pact device 200 includes a housing 250 extending about
combined deposition and deflection apparatus 170 such
that a fluid deflection channel 260 is at least partially de-
fined around apparatus 170. Fluid deflection channel 260
is coupled in flow communication with fluid transport ap-
paratus 116 (shown in FIGs. 1 and 2).
[0020] Further, in the exemplary embodiment, pres-
sure relationships with defined parameters are shown.
The pressure relations shown are based on air intake
port being approximately 5 millimeters (mm) (0.2 inches
(in.)) from the surface of object 216 (shown in FIG. 4),
though the effect would be similar for larger distances.
In operation, with fluid transport apparatus 116 in oper-
ation, air jet impingement channel 210 operates in a pres-
sure range between approximately 101,651 Pascal (Pa)
(14.74 pounds per square inch absolute (psia)) and ap-
proximately 102,025 Pa (14.80 psia). Since one standard
atmosphere is approximately equivalent to 101,325 Pa
(14.7 psia), air jet impingement channel 210 operates
slightly above atmospheric pressure to form impinge-
ment air jets 214.
[0021] Also, in operation, first portion 232 of sample
transport channel 206 operates in a pressure range be-
tween approximately 100,965 Pa (14.64 psia) and ap-
proximately 101,141 Pa (14.74 psia). Second portion 242
of sample transport channel 206 operates in a pressure
range between approximately 100,612 Pa (14.59 psia)
and approximately 100,965 Pa (14.64 psia). Therefore,
a negative pressure gradient is induced within sample
transport channel 206. Further, in operation, fluid deflec-
tion channel 260 operates in a pressure range between
approximately 100,082 Pa (14.52 psia) and approximate-
ly 100,612 Pa (14.59 psia).
[0022] The pressures and pressure ranges described
above are exemplary and any pressures and pressure
ranges that enable operation of particle impact device
200 and hand-held trace particle detection system 100
as described herein may be used.
[0023] FIG. 7 is a schematic side view of particle impact

device 200 with exemplary velocity relationships shown
therein. In operation, with fluid transport apparatus 116
in operation, air in air jet impingement channel 210 has
a velocity in a range between approximately 1.81 meters
per second (m/s) (6.27 inches per second (in./s)) and
approximately 21.75 m/s (71.4 in./s) such that the velocity
of air increases as it approaches air jet impingement ports
212. The air in impingement air jets 214 has a velocity in
a range between approximately 21.75 m/s (71.4 in./s)
and 36.3 m/s (118.9 in./s).
[0024] Also, in the exemplary embodiment, the air ve-
locities in sample transport channel 206 defines an in-
creasing velocity gradient to transport particles 215
therethrough. First portion 232 of sample transport chan-
nel 206 defines a velocity profile 270 that includes lower
velocities in a range between approximately 1.81 (m/s)
(6.27 in./s) and 7.25 m/s (23.8 in./s) in the regions closest
to first conduit 230. Velocity profile 270 also includes
higher velocities in a range between approximately 7.25
m/s (23.8 in./s) and approximately 14.5 m/s (45.6 in./s)
in the center region of channel 206. The air velocity in-
creases to approximately 18.1 m/s (59.5 in./s) as it ap-
proaches second portion 242 of channel 206.
[0025] Further, in the exemplary embodiment, second
portion 242 of channel 206 defines a velocity profile 272
that includes accelerated air flow velocities of in a range
between approximately 18.1 m/s (59.5 in./s) and approx-
imately 25.4 m/s (83.3 in./s). As the air impinges sensor
218 and is diverted into fluid deflection channel 260, the
air velocity decreases to a range between approximately
1.81 (m/s) (6.27 in./s) and approximately 18.1 m/s (59.5
in./s) after a slight acceleration to velocities in a range
between approximately 29.0 m/s (95.2 in./s) and approx-
imately 36.2 m/s (118.9 in./s) in the regions between sen-
sor 218 and housing 250 having distance D therebe-
tween.
[0026] The velocities and velocity ranges described
above are exemplary and any velocities and velocity
ranges that enable operation of particle impact device
200 and hand-held trace particle detection system 100
as described herein may be used.
[0027] FIG. 8 is a schematic side view of particle impact
device 200 with an exemplary trajectory 300 of particles
215 having a diameter of approximately 3 micrometers
(mm). In the exemplary embodiment, the particle veloci-
ties in particle impact device 200 are similar to the air
velocities shown in FIG. 7 with the exception that the
velocities of particles in the center of first portion 232
have a broader range between approximately 3.63 m/s
(12.6 in./s) and approximately 14.5 m/s (45.6 in./s). The
trajectories of particles 215 are such that the trajectory
profile approximates that of the velocities. There is a con-
centration of lower velocity particles 280 in the regions
closest to first conduit 230. There is a slightly higher con-
centration of higher velocity particles 282 in the center
region of channel 206. A concentration of high velocity
particles 284 increases as they approach and enter sec-
ond portion 242 of channel 206. A significant portion of
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particles 286 are captured by sensor 218 and a remainder
of particles 288 are channeled into fluid deflection chan-
nel 260.
[0028] In general, the 3 mm particles 215 have a rela-
tively flat density gradient in first portion 232 with a slight
increase in population density towards the center of first
portion 232.
[0029] FIG. 9 is a schematic side view of particle impact
device 200 with an exemplary trajectory of particles 215
having a diameter of approximately 10 micrometers
(mm). The particle velocities for the 10 mm particles 215
are more uniform in first portion 232 and are higher to-
ward the center of first portion 232 for the 10 mm particles
215 as compared to the 3 mm particles 215 (shown in
FIG. 8). Velocity profile 280 includes higher velocities
toward the center of first portion 232 in a range between
approximately 7.25 m/s (23.8 in./s) and approximately
14.5 m/s (45.6 in./s). In general, the 10 mm particles 215
have a relatively low density in the regions closest to first
conduit 230 and a relatively high density toward the cent-
er of first portion 232 with a steep gradient therebetween.
[0030] Also, second portion 242 defines a velocity pro-
file 282 that includes accelerated air flow velocities of in
a range between approximately 18.1 m/s (59.5 in./s) and
approximately 25.4 m/s (83.3 in./s) until the approach to
sensor 218. There, the particles decelerate to a velocity
range between approximately 14.5 m/s (47.6 in./s) and
18.1 m/s (59.5 in./s). As particles 215 impinge sensor
218, most are collected and few are diverted into fluid
deflection channel 260.
[0031] In the exemplary embodiment, particle impact
device 200 is enabled to operate with particles in the
range between 3 mm and 30 mm, which corresponds to
the peak in the mass-weighted particle size distribution
for explosives contamination on people and with varying
flow conditions.
[0032] FIG. 10 is a schematic view of an exemplary
distribution 300 of particles 215 having a diameter of ap-
proximately 1 mm using particle impact device 200
(shown in FIGs. 3, 4, and 6-9). FIG. 11 is a schematic
view of an exemplary distribution 320 of particles 215
having a diameter of approximately 3 mm using particle
impact device 200. FIG. 12 is a schematic view of an
exemplary distribution 340 of particles 215 having a di-
ameter of approximately 10 mm using particle impact de-
vice 200.
[0033] The trajectories of particles 215 of different siz-
es striking sensor 218 having a diameter of approximate-
ly 25 mm (1.0 in.) are shown in FIG.s 10, 11, and 12.
FIG. 10 shows that 1 mm particles with varying velocities
have a strike probability of approximately 38%. FIG. 11
shows that 3 mm particles with varying velocities have a
strike probability of approximately 75%. FIG. 12 shows
that 10 mm particles with varying velocities have a strike
probability of approximately 97%. Therefore, a qualitative
indication of the impact efficiency for particles of different
size collected off a person onto sensor 218 for particle
sizes 1, 3, and 10 mm are 38%, 75%, and 97%, respec-

tively. By extrapolation, 30 mm particles are determined
to be deposited onto sensor 218 with greater than 97%
efficiency.
[0034] FIG. 13 is a tabular view, i.e., table 360 of dis-
tributions 300, 320, and 340 shown in FIGs. 10, 11, and
12, respectively for transverse flow gaps with measure-
ment D (shown in FIGs. 2 and 6) of 3 mm (0.12 in.) and.
6 mm (0.24 in.). The impact probabilities decrease sig-
nificantly for 1 mm and 3 mm particles while the impact
probabilities are nearly 100% for both cases for the 30
mm particles. Therefore, for particles in a range between
approximately 3 mm and 30 mm, and with a properly sized
transverse flow gap measurement D, particle impact de-
vice 200 demonstrates a high probability of success for
transferring explosives particles from the surface of peo-
ple to the sensor surface.
[0035] Regarding sampling time, longer collection
times facilitate more complete particle removal from the
person and/or object and also the capability to cover a
larger surface area from the person and/or object. The
actual collection of particles onto the sensor once the
particle is removed from the person and/or object is near-
ly instantaneous.
[0036] FIG. 14 is a schematic cutaway side view of an
exemplary alternative particle impact device 400 that
may be used with hand-held trace particle detection sys-
tem 100 (shown in FIG. 1). In this alternative exemplary
embodiment, an alternative deposition and deflection
surface 402 is recessed to define a fluid stagnation zone
404 within an alternative sensor 406. Stagnation zone
404 significantly decreases air flow across surface 402
of sensor 406. A significant portion of air flow 408 is di-
verted away from the surface 402 and the momentum of
particles 215 carries them to sensor surface 402. This
method also facilitates particles 215 to decelerate prior
to hitting sensor surface 402, thereby facilitating in-
creased deposition efficiency without re-bouncing of par-
ticles 215.
[0037] FIG. 15 is a schematic cutaway side view of an
exemplary alternative particle impact device 500 that
may be used with hand-held trace particle detection sys-
tem 100 (shown in FIG. 1). In this alternative exemplary
embodiment, particle impact device 500 is a multi-stage
impactor where a first stage 502 diverts approximately
90% of flow 504 and a second stage 506 diverts approx-
imately 10% of flow in order to reduce the air flow across
the surface of sensor 218. Particle impact device 500
facilitates particle transfer efficiency to sensor 218 and
also facilitates use of a smaller sensor area if that is
deemed desirable. Particle impact device 500 is shown
as a two-stage impactor. However, any number of stages
that enables operation of particle impact device 500 as
described herein may be used. Also, in the exemplary
embodiment, a 90%-10% ratio between first stage 502
and second stage 506 are described. However, any ratio
of air flow reduction distributed between any number of
stages that enables operation of particle impact device
500 and hand-held trace particle detection system 100
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as described herein may be used.
[0038] Referring to FIGs. 14 and 15 together, particle
impact device 500 may be used with recessed deposition
and deflection surface 402 to define fluid stagnation zone
404. Particle impact device 500 and recessed sensor
stagnation zone 404 facilitate slowing down particles 215
impacting the surface film (not shown) of sensor 218.
[0039] The depth of sensor stagnation zone 404 in the
impact zone may be varied, thereby varying the impact
frequency of particles 215 on sensor 406. A two-stage
impactor such as impact device 400 also facilitates di-
verting the majority, i.e., greater than approximately 90%
of primary flow 408 away from sensor 406 and allowing
only the particle enriched secondary flow to impact sen-
sor surface 402. A combination of two-stage impaction
and stagnation zone should achieve the range of flow
rates across surface 402 that sensor 406 can tolerate.
[0040] The above described hand-held trace particle
detection systems provide a cost-effective method for
detecting trace portions of materials of interest, e.g., res-
idues. Specifically, the hand-held trace particle detection
systems described herein are configured to collect and
concentrate trace samples sufficiently to obtain a suffi-
cient sample for delivery to the analysis equipment,
thereby significantly reducing non-detect events. More
specifically, the embodiments described herein include
a particle impact device that includes an intake manifold
that facilitates a pressure profile and a velocity profile
that facilitates collection of the sample from the surface
of an object. Also, the embodiments described herein
include a combined deposition and deflection apparatus
positioned downstream of that defines a deposition and
deflection surface configured to deflect a fluid stream and
collect at least a portion of particles entrained in the fluid
stream. The embodiments of the deposition and deflec-
tion surface may include a dosimeter film or sensor con-
figured to capture the particles or a porous material con-
figured to be heated and to at least partially vaporize the
particles. Other active collection surfaces may also be
used. The deflected fluid stream is channeled away from
the collected particles through a fluid deflection channel.
In addition, the hand-held trace particle detection sys-
tems described herein include an air jet impingement
manifold extending about the intake manifold and directs
a jet of fluid onto an object to facilitate sample dislodge-
ment.
[0041] A technical effect of the systems and methods
described herein includes at least one of: (a) more effec-
tive collection of sample particles using a hand-held de-
vice; and (b) more effective and accurate analysis and
detection of materials of interest due to the increased
sample size.
[0042] Exemplary embodiments of hand-held trace
particle detection systems and methods of using the
same are described above in detail. The methods and
systems are not limited to the specific embodiments de-
scribed herein, but rather, components of systems and/or
steps of the methods may be utilized independently and

separately from other components and/or steps de-
scribed herein. For example, the methods may also be
used in combination with other detection systems and
methods, and are not limited to practice with only the
detection systems and methods as described herein.
Rather, the exemplary embodiment may be implemented
and utilized in connection with many other trace particle
detection system applications, including, without limita-
tion, non-handheld devices such as a desktop analyzer
or as a part of a larger screening system.
[0043] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the invention, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing.
[0044] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal language of the
claims.

Claims

1. A hand-held trace particle detection system compris-
ing:

a particle impact device comprising:

an intake manifold comprising:

a first conduit defining an intake port
defining a first transport area; and
a second conduit coupled to said first
conduit, said second conduit defining a
discharge port defining a second trans-
port area, said first transport area great-
er than said second transport area; and

a combined deposition and deflection ap-
paratus positioned downstream of said dis-
charge port, said combined deposition and
deflection apparatus defines a deposition
and deflection surface positioned a prede-
termined distance from said discharge port,
said deposition and deflection surface con-
figured to deflect a fluid stream and collect
at least a portion of particles entrained in
the fluid stream.
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2. The system in accordance with Claim 1, further com-
prising a casing defining a slot therein, said com-
bined deposition and deflection apparatus inserted
into said slot.

3. The system in accordance with Claim 1 or Claim 2,
wherein at least a portion of said deposition and de-
flection surface comprises at least one of:

a dosimeter film configured to capture the at
least a portion of the particles; and
a porous material configured to be heated and
at least partially vaporize the at least a portion
of the particles.

4. The system in accordance with any one of the pre-
ceding Claims further comprising at least one fluid
transport apparatus, wherein:

said intake manifold and said casing at least par-
tially define an air jet impingement manifold and
an air jet impingement port; and
said fluid transport apparatus is configured to
direct a jet of fluid onto an object through said
air jet impingement manifold.

5. The system in accordance with Claim 4, wherein said
air jet impingement port and said intake port are prox-
imate each other and define a substantially annular
configuration.

6. The system in accordance with any one of the pre-
ceding Claims further comprising a housing extend-
ing about said combined deposition and deflection
apparatus, wherein said combined deposition and
deflection apparatus and said housing define a fluid
deflection channel.

7. The system in accordance with any one of the pre-
ceding Claims, wherein said deposition and deflec-
tion surface is recessed to define a fluid stagnation
zone proximate thereto.

8. The system in accordance with any one of the pre-
ceding Claims, wherein said combined deposition
and deflection apparatus comprises a multistage im-
pactor system.

9. The system in accordance with any one of the pre-
ceding Claims, wherein said first conduit is frusto-
conical and said second conduit is cylindrical.

10. The system in accordance with any one of the pre-
ceding Claims further comprising a fluid transport
apparatus configured to induce a negative pressure
gradient within said intake manifold.

11. The system in accordance with any one of the pre-

ceding Claims, wherein said intake manifold is con-
figured to induce an increasing velocity gradient with-
in said intake manifold.

12. The system in accordance with any one of the pre-
ceding Claims, wherein said deposition and deflec-
tion surface is substantially parallel to said discharge
port.

13. A method of collecting a trace sample from an object
for detection by a detector, said method comprising:

channeling a fluid stream including the trace
sample through an intake manifold;
directing the fluid stream and the trace sample
toward a combined deposition and deflection
apparatus;
impinging at least a portion of the trace sample
on the combined deposition and deflection ap-
paratus comprising:

capturing at least a portion of the trace sam-
ple on a dosimeter film; and
capturing at least a portion of the trace sam-
ple on a heated porous material and at least
partially vaporizing the at least a portion of
the trace sample;

directing the fluid stream around the combined
deposition and deflection apparatus; and
directing a jet of fluid onto an object, thereby
dislodging at least some trace particles from the
object and entraining the at least some trace par-
ticles into the fluid stream, wherein directing a
jet of fluid onto an obj ect comprises one of:

depressing a trigger device and directing a
continuous jet of fluid during depression of
the trigger device; and
directing a jet of fluid for a predetermined
period as a function of a discrete jet initiation
event.
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