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(57) ABSTRACT 

A sampling system that contains filter components for col 
lecting and concentrating vapor and particles in high-volume 
flows. The sample is then vaporized and delivered to a detec 
tor at a low-volume flow. The invention also has a sampling 
probe that contains an air-jet to help dislodge particles from 
Surfaces and a heating lamp to help vaporize compounds on 
Surfaces or objects. The sampling system is especially useful 
for Screening for explosives and other illicit chemicals and 
toxins on people, baggage, cargo, and other objects. 
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US 8,857,278 B2 
1. 

HAND-HIELD TRACE VAPORAPARTICLE 
SAMPLNG SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional application of U.S. patent 
application Ser. No. 1 1/639,579, filed Dec. 15, 2006, which is 
a divisional application of U.S. patent application Ser. No. 
11/202,455, filed Aug. 11, 2005, now U.S. Pat. No. 7,299, 
710, which are hereby incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the field of detection appa 

ratus used to Screen for the presence of explosives and other 
chemical entities. 

2. Background Information 
An effective screening system for threat compounds such 

as explosives as well as chemical and biological weapons 
must be able to collect, concentrate, and analyze trace 
samples quickly and accurately. Many detection technologies 
(e.g., mass spectrometry, ion mobility spectrometry, optical 
spectroscopy, etc.) have been developed over the years and 
trace detectors now exist that can detect a wide range of 
explosives and chemical weapons, and to a lesser extent bio 
logical weapons. Much less attention has been given to col 
lecting and delivering sample to the detectors, yet this is 
arguably the most challenging part of a screening system 
since it must adapt to a wide range of applications and screen 
ing scenarios. Furthermore, whereas the specificity of a 
detector is the key to minimizing false positive rates, the 
collector/concentrator is of vital importance for maximizing 
detection rates, since if a trace sample is not delivered to the 
detector, it will result in a non-detect event. 
An effective sampling system must have the following 

operational characteristics: (1) access the Volume containing 
the contamination, (2) dislodge the contamination, particu 
larly for particles that can stick tightly to materials, (3) con 
centrate collected vapor and particle material, (4) deliver the 
material to a trace detector in a step that involves vaporiza 
tion, and (5) minimize cycle time and carryover effects. 
An effective collector/concentrator sampling system for 

explosives and other threats must be able to collect vapor and 
particles, and if delivering to a trace detector, convert the 
particles to vapor. Several vapor and particle sampling sys 
tems have been developed in the past, however, they are either 
optimized for one or the other phase, or are not suitable for 
trace detectors. 

U.S. Pat. No. 6,087,183 issued to Zaromb discloses a 
method to collect vapor and particles on a liquid film. How 
ever, a liquid concentrate is not the preferred medium for a 
trace detector, which is designed to analyze vaporized 
sample. U.S. Pat. No. 5,914.454 issued to Imbaro et al. dis 
closes a spray of charged droplets to collect vapor, liquid, and 
particles, but the sample is also concentrated in a liquid. U.S. 
Pat. No. 5,855,652 issued to Talley discloses a method for 
collecting particles and microorganisms into a water sample. 
U.S. Pat. No. 4,092,218 issued to Fine et al. discloses a 
method for the selective detection of explosives vapors, but 
does not show that it is capable of collecting particles. 
A series of patents issued to Linker et al. disclose methods 

to collect explosives particles for trace detectors that have 
some capability to collect vapor as well. U.S. Pat. No. 6,345, 
545, issued to Linker et al., discloses a two-stage preconcen 
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2 
trator that uses a metal or other electrically conducting screen 
to capture particles. Some vapors may also stick to the screen, 
however, the surface chosen for particle collection is not in 
general optimal for vapor collection. U.S. Pat. No. 6.523,393, 
issued to Linker et al., discloses a hand-portable embodiment 
of the metal screen particle concentrator that makes use of a 
removable screen that is manually placed first in the high 
Volume flow region and second in the detector region. 
The above patents disclose means for sample concentra 

tion. Another important component to an overall screening 
system is a sampling probe for collecting vapor and particles, 
particularly from hard-to-remove locations and Surfaces. U.S. 
Pat. Nos. 6,334,365 and 5,915,268 issued to Linker et al., 
disclose the use of air-jets to help dislodge particles from the 
clothing of individuals in a portal device for screening people 
for explosives. U.S. Pat. No. 6,708,572, issued to Jenkins et 
al., also discloses the use of air-jets to dislodge particles from 
individuals in a portal device. 

Trace detectors are extensively used in airports and other 
venues to screen baggage for explosives. The method typi 
cally used to remove material from Surfaces are Swipes of 
cloth. This method is effective at collecting residue, however, 
it requires manual operation and therefore may produce 
unpredictable results in the collection process. Furthermore it 
is not effective at collecting vapors. 

BRIEF SUMMARY OF THE INVENTION 

A concentrator that collects and transfers a sample. The 
concentrator includes a vapor filter and a particle filter. The 
particle filter is heated to a temperature that also heats the 
vapor filter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of vapor?particle concentrator; 
FIG. 2 is an illustration showing a sampling probe with an 

air-jet nozzle and heating lamps; 
FIG. 3 is an illustration of a sampling system including a 

sampling probe and a vapor/particle concentrator coupled to 
a detector, 

FIG. 4 is a timing diagram for the sampling system; 
FIG. 5 is an illustration of an alternate embodiment of the 

sampling System; 
FIG. 6 is an illustration of a device for coupling a remov 

able vapor/particle filter assembly to a detector; 
FIG. 7 is an illustration of a removable vapor? particle filter 

assembly. 

DETAILED DESCRIPTION 

Disclosed is a sampling system that contains filter compo 
nents for collecting and concentrating vapor and particles in 
high-volume flows. The sample is then vaporized and deliv 
ered to a detectorata low-volume flow. The invention also has 
a sampling probe that contains an air-jet to help dislodge 
particles from Surfaces and a heating lamp to help vaporize 
compounds on Surfaces or objects. The sampling system is 
especially useful for screening for explosives and other illicit 
chemicals and toxins on people, baggage, cargo, and other 
objects. 

Referring to the drawings more particularly by reference 
numbers, FIG. 1 shows an embodiment of a collection system 
10. The system 10 includes porous filters 12 and 14 for the 
collection of vapors and particles, respectively. The filters 12 
and 14 are coupled to a housing 15. Particle and vapor sample 
in region 16 is pulled through the filters 12 and 14 by a pump 
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18 in region 20. The particle and vapor in region 16 may be 
enhanced by a device 22 for removing and collecting the 
sample from remote locations. Filters 12 and 14 have reason 
ably large area and porosity in order to allow a high Volume of 
flow to pass through the filters. The filter diameters could 
typically range from "/4 inch to several inches in size. It is 
preferable to have the particle filter first so that particles are 
not trapped on the vapor filter. Some vapor sample may par 
tially stick to the particle filter, however, the vapor filter is 
optimized for vapor collection and would collect all or most 
of the vapor in the air flow. 

After a period of time for collecting vaporand particles, the 
concentrator 10 is then switched to a mode to deliver a sample 
to a detector 24. Valves or shutters 26a and 26b may be used 
to close off and isolate the filters 12 and 14 from regions 16 
and 20. The filters 12 and 14 are then heated to vaporize the 
collected vapor and particles. One version of aparticle filter is 
a screen or mesh made of metal or other electrically-conduct 
ing material. This type of filter is desirable because it can be 
rapidly heated by passing a current through it. The heating 
vaporizes the particles. The current may be provided by the 
controller 40. The vapor filter can be constructed from a 
non-electrically conducting material Such as a polymer or 
similar material known for having a high adsorption coeffi 
cient for vapors. In order to remove the vapor, the vapor filter 
must also be heated. This can be achieved by the heat from the 
particle filter. The particle filter essentially acts as a "toaster 
to heat the vapor filter to remove the vapor. 

The system 10 may further contain a low-volume flow 
source 28 to transfer the vaporized collected sample to the 
detector 24. The system 10 may include a conduit 30 to the 
detector 24 which is an open tube, a series of apertures, or 
other means of fluid communication. The detector 24 can 
detect trace compounds within the sample. By way of 
example, the detector 24 may be a mass spectrometer or other 
detection system. The various elements of the system may be 
controlled by a controller 40. 

FIG. 2 shows an embodiment of a sampling probe 50 to 
enhance the collection of vapor and particles from Surfaces or 
remote volumes. The probe includes a sampling head 52 that 
contains an air-jet nozzle 54. The head 52 may also include 
heating lamps 56. The air-jet nozzle 54 may be connected to 
a gas line 58, a shut-off valve 60 and a pump or compressor 62 
that deliver a high-pressure flow of gas or air to the nozzle 54. 
The air-jet nozzle 54 may deliver gas pulses, or a continuous 
stream of gas. The air-jet nozzle 54 is used to help dislodge 
particles and residue from Surfaces and objects such as bag 
gage or people. Some chemicals on these objects may be 
liquids or have higher Volatility than particles, such as some 
explosives and chemical weapons. In these cases it may be 
advantageous to apply heat to the Surface or objects to raise 
the vapor pressure of these chemicals. This can be accom 
plished by turning on the heat lamps 56. By way of example 
the lamps 56 may be commercially available infrared lamps. 

The air-jet nozzle 54 and lamps 56 are operated sufficiently 
long to remove sample from objects. The vapor and particle in 
region 64 is then drawn to a concentrator or other collection 
means by a pump 66 through a collection line 68. The con 
centrator may be the system shown in FIG. 1 of the drawings. 

FIG. 3 shows an embodiment of sampling system 100 
consisting of a sampling probe 50' and a concentrator system 
10'. Similar to FIG. 2, the sampling probe 50' includes an 
air-jet nozzle 54', heating lamps 56', a pressured gas line 58 
and a valve 60'. The sample is drawn to the concentrator 10' 
through sampling line 68'. The concentrator 10' in FIG. 3 
consists of a vapor? particle filter assembly 110, valves 112, 
114, and 116, pump 118, and a gas flow assembly 120. The 
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4 
pump 118 acts to Supply an over-pressure of air or gas to the 
air-jet nozzle 54" and to pull the sample volume through the 
collection line 68'. 
The sampling system 100 first collects sample by turning 

the pump 118 on, opening valves 112 and 114 and closing 
valve 116. During this period the air-jet nozzle 54" and lamps 
56' operate as described relative to FIG. 2. After a sufficient 
sample collection time, the pump 118 may be deactivated, 
valves 112 and 114 may be closed, and valve 116 may be 
opened. The vapor/particle filter assembly is then heated in 
the manner described relative to FIG. 1 and a gas-flow from 
source 120 carries the vaporized sample to a detector or other 
device 124. It is also possible to operate 10' without the use of 
valve 116 if the volume of the line going to the detector 124 is 
relatively low and not open to the outside environment. All 
other operations would be the same. The operation and timing 
of the sampling system 100 is controlled by a controller 130. 

FIG. 4 shows a timing diagram for the sampling system 
100. The high and low states in the diagram denote on and off 
for the respective components. As described above during the 
collection period the first and second valves 112 and 114 are 
open and the third valve 116 is closed. During this period the 
air nozzle 54 and lamps 56 may be operated. The collection 
period may range from about 1 second to a few minutes 
depending on the speed and sensitivity needed for a particular 
screening application. As noted above, following the collec 
tion period, valves 112 and 114 may be closed and valve 116 
may be opened. The filter assembler is then heated and the 
concentrated sample thermally desorbs and flows to a detec 
tor, reaching a maximum concentration until all sample is 
desorbed. This step may typically take from about 1 second to 
about 1 minute. 

It may be necessary to recycle the filter assembly following 
the desorption period after the sample has been delivered to 
the detector. This may beachieved by further heating the filter 
assembly to drive off remaining sample. For example if an 
explosives or other targeted chemical is collected in high 
concentration, it may be necessary to recycle the filter assem 
bly a few times to remove remaining traces in order to be able 
to Screen again at high sensitivity without having to worry 
about sample carryover from a previous screen. The recycle 
period may typically last from a few seconds to a few minutes. 
The recycle period also allows the filter assembly to cool 
down by initiating effectively a collection period sequence, 
but with the air nozzle 54 and lamps 56 in the offstate. Forfast 
screening it will be typical for the collection, desorption, and 
recycle periods to last only a few seconds each. 

It may be convenient to have separate assemblies for the 
sample collection phase and for the sample delivery phase. 
This would be the case where there is a need for several 
sampling devices with a single detector unit or when it is 
necessary to go to remote locations to collect sample. FIG. 5 
shows an embodiment of a sampler and concentrator 150 that 
consists of a sampling probe 52, a vapor/particle filter assem 
bly 110', a pump 118', and other components described rela 
tive to FIG. 2. This embodiment enables the sampler and 
concentrator assembly to be used away from the detector. It 
can also be made into a hand-held unit. One possible appli 
cation is as a sampler for screening baggage for concealed 
explosives. The operation works similarly to that described 
for the sampling system 100 in FIG.3, except that the device 
150 in FIG. 5 does not deliver the concentrated sample to a 
detector or other device. 

FIG. 6 shows an embodiment of a device 160 that would 
enable delivery of concentrated sample from a vapor/particle 
filter assembly 110' to a detector 124'. The filterassembly 110' 
may be removed from the samples shown in FIG. 5. The filter 
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assembly 110' is heated to desorb the collected vapor and 
particles in the manner described for concentrator 10. The 
device 160 may include a low volume source 128 that is 
controlled by controller 130'. Because the embodiment of 160 
is not directly connected to the sample collection assembly, it 
is not necessary to have valves that isolate the filter assembly 
from the main flow. 

Because the thermal desorption period and Subsequent 
analysis by the detector typically takes much less time than 
the collection and recycling periods, the utilization of the 
combined sampler/concentrator/detector system can be 
improved by using multiple sampler/concentrator assemblies 
for a particular detector. A system may include several hand 
held sampler/concentrator systems 150 that collect samples 
from multiple objects and then transfer the filter assembly 
110' to the delivery and detector system 160. Because several 
filter assemblies may stack up waiting for analysis, it is nec 
essary to have a system to keep track of the samples. 

FIG. 7 shows an embodiment of a removable and reusable 
vapor? particle filter assembly 200. The assembly 200 may 
include particle and vapor filter screens 210. The assembly 
200 may also include electrical contacts 220a and 220b to 
provide connections to the particle electrically-conducting 
mesh for passing current to heat the mesh. To assist in trans 
porting the filter screens 210 to the detector the assembly may 
include a handle 222. The assembly may include a bar code 
230 that can be read to keep track of the samples. 
When the filter assembly 200 is inserted into the delivery 

assembly 160, the pick-up flow of gas comes from source 240 
and goes in the direction of 242 toward the detector. The bar 
code can also be used by either the sampler 150 or the delivery 
assembly 160 to keep count of the number of samples the 
filter assembly has been used for. This is convenient feature 
because it can alert operators to the end of the useful life of the 
filter assembly 200 or to a service and maintenance schedule. 

For the hand-held sampler configuration 150, power may 
need to be provided by battery. By way of example we discuss 
typical pumping speeds, flow rates and concentration factors, 
as well as consumed power. Table I summarizes the air flow 
and power characteristics of the sample collector/concentra 
tOr. 

TABLE I 

Concentrator specifications Peak power consumption 

Collection flow x time: IR lamps: 50-100 W 
24 Limin x 5 s = 2.0 L Pump: 20-40 W 
Detector flow x time: Sampling line heater: 15W 
0.24 Limin x 5 s = 0.020 L Valve: SW 
Concentration factor: 
5.0 L 0.0125 L = 100 
Cycle time: 20s 
(incl. 10s recovery) 

The collection flow must draw the sampling volume over 
the surface or object, which we assume for this example to be 
about 2 L. The volume in the sampling line 68 (e.g., 3 cm 
IDX10 cm-0.1 L) is insignificant relative to the sampling 
Volume and can be ignored. A small pump of 24 L/min can 
pull the 2L sampling volume through the filter assembly 110' 
in 5-6 sec. Such a pump can be operated with about 10-20 W 
of power. For optimum use of the air-jet nozzle it may be 
preferable to use a larger pump. A 100 L/min blower pump 
consumes about 20-40 W of power. Many types of heating 
lamps 56 may be used. High efficiency IR lamps for device 
150 would consume about 50-100W when operated. If valve 
60 is used and heating elements on the inside of the sampling 
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6 
line 68 are used, then there will be a need for another 20W of 
power for a total peak power of 90-160W. This peak power is 
operated for about 5 Sec. per sample. 
A nickel metal hydride battery, like a computer battery, 

delivers about 40W hrper pound. A two pound battery would 
then give 30 min of 160 W peak power. At 5 sec. per sample 
this would give 360 samples. Assuming one sample is col 
lected every minute, then the battery would last 6 hr. The 
values given above are by way of example only. Other choices 
of batteries and power management may be used to extend or 
change this period if necessary. 
We now consider the concentration factor and potential 

sensitivity of the disclosed sampler embodiments particularly 
the sampler/concentrator 150 and the thermal desorber 160. 
The vapor and particle that is collected on the filter assembly 
110' is thermally desorbed as a vapor. A flow rate of 0.12 
L/min into the detector corresponds to an enrichment factor of 
100x (Table I). If the internal volume of the filter assembly 
110' and the volume of the inlet to the detector 124' is about 10 
cm, then the flow needs to be on for 5 sec. to completely 
deliver the vaporized sample. In terms of total mass of com 
pound collected, 1 part-per-billion of a target compound of 
MW 200 in the 2L sampling volume in region 64 corresponds 
to about 16 ng. If a detector has a sensitivity of 16 pg., then a 
sensitivity at the sampling Volume 64 of 1 part-per-trillion is 
possible. This sensitivity may be improved by extending the 
collection period to times longer than 5 S. 
The systems and devices shown and described can be uti 

lized to detect samples of trace explosives contamination on 
baggage, cargo, and personnel due to concealed explosive 
devices. Trace contamination is known to be pervasive 
throughout the bomb making and bomb packing process. This 
contamination can take the form of vapor for more Volatile 
explosives (e.g., the class of nitrate esters and nitro toluenes, 
as well as taggant compounds) or particles for the more crys 
talline forms (e.g., the nitramines RDX and HMX). 

While certain exemplary embodiments have been 
described and shown in the accompanying drawings, it is to 
be understood that such embodiments are merely illustrative 
of and not restrictive on the broad invention, and that this 
invention not be limited to the specific constructions and 
arrangements shown and described, since various other modi 
fications may occur to those ordinarily skilled in the art. 
What is claimed is: 
1. A system that collects a trace sample from an object for 

detection by a detector, said system comprising: 
a housing defining at least one return passage to receive the 

trace sample and a nozzle configured to direct a jet of 
fluid onto the object; 

a vapor filter coupled to said housing and coupled in fluid 
communication with said at least one return passage, 
said vapor filter configured to absorb vapor from the 
trace sample: 

a particle filter coupled to said housing and coupled in fluid 
communication with said at least one return passage, 
said particle filterconfigured to collect particles from the 
trace sample: 

a heater; and, 
a controller configured to control said heater to heat said 

particle filter to a temperature that also heats said vapor 
filter. 

2. The system of claim 1, further comprising a pump to 
collect the trace sample through said vapor filter and said 
particle filter. 

3. The system of claim 2, further comprising a low-volume 
Source to transfer at least one of a vapor sample and a particle 
sample to the detector. 
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4. The system of claim 1, further comprising a plurality of 
valves configured to control fluid flow to said vapor filter and 
said particle filter. 

5. The system of claim 1, wherein said particle filter is 
constructed from an electrically conductive material. 

6. The system of claim 1, wherein said vapor filter is 
constructed from a non-electrically conductive material. 

7. The system of claim 1, wherein said nozzle is configured 
to direct a pulsedjet of fluid. 

8. The system of claim 1, wherein said nozzle is configured 
to direct a continuous jet of fluid. 

9. The system of claim 1, wherein said heater comprises at 
least one heating element coupled to said housing. 

10. A method for collecting a trace sample for detection by 
a detector, said method comprising: 

directing a jet of fluid onto an object; 
extracting the trace sample from the object; 
transferring the trace sample to a concentrator that has a 

particle filter and a vapor filter; 
collecting at least one particle from the trace sample with 

the particle filter; 
collecting a vapor from the trace sample with the vapor 

filter; 
heating the particle filter which heats the vapor filter to 

create a particle vapor sample and a vapor sample; and, 
transferring the particle vapor sample and the vapor sample 

to the detector. 
11. The method of claim 10, wherein the particle filter is 

heated with a current that flows through the particle filter. 
12. The method of claim 10, wherein the particle and the 

Vapor are collected when a first valve is open and a second 
valve is closed, and the vapor sample is transferred when the 
first valve is closed and the second valve is open. 

13. The method of claim 10, wherein the jet of fluid is 
controlled to be pulsed. 

14. The method of claim 10, wherein the jet of fluid is 
controlled to be continuous. 

15. A portable concentrator for collecting a trace sample 
for detection by a detector, said portable concentrator com 
prising: 

a housing configured to receive the trace sample: 
a particle filter coupled to said housing, said particle filter 

configured to collect particles from the trace sample: 
a vapor filter coupled to said housing, said vapor filter 

configured to absorb vapor from the trace sample: 
electrical contacts connected to said particle filter, said 

electrical contacts configured to transmit electrical cur 
rent to said particle filter to heat said particle filter; and, 

a single detector that detects a vapor/particle sample cre 
ated from the vapor absorbed by said vapor filter and the 
particles collected by said particle filter. 

16. The concentrator of claim 15, further comprising a 
handle connected to said housing. 

17. The concentrator of claim 15, wherein said housing has 
a bar code. 
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18. A method for collecting a trace sample for detection by 

a detector, said method comprising: 
collecting a particle on a particle filter with a sample col 

lection system; 
collecting a vapor on a vapor filter with the sample collec 

tion system; 
inserting the particle filter and the vapor filter into a sample 

delivery system; 
heating the particle filter which heats the vapor filter; 
desorbing a vapor sample from the particle filter and the 

vapor filter; and, 
transferring the vapor sample to the detector. 
19. The method of claim 18, wherein the particle filter and 

the vapor filter are manually removed from the sample col 
lection system and manually inserted into the sample delivery 
system. 

20. A system that collects a trace sample from an object for 
detection by a detector, said system comprising: 

a housing comprising a nozzle configured to direct a jet of 
fluid onto the object and a collection line for collecting 
the trace sample from the object, wherein at least a 
portion of said collection line is positioned proximate 
said nozzle, wherein the collection line comprises a plu 
rality of valves configured to control a flow of the jet of 
fluid through said nozzle and a flow of the fluid through 
said collection line in a predetermined sequence that 
facilitates dislodgment and collection of the trace 
sample from the object; 

a vapor/particle filter coupled to said housing and coupled 
in fluid communication with said collection line, said 
Vapor/particle filter configured to absorb vapor and col 
lect particles from the trace sample; and 

a controller coupled to said plurality of valves for control 
ling said plurality of valves, wherein said plurality of 
valves comprise at least three valves. 

21. A system that collects a trace sample from an object for 
detection by a detector, said system comprising: 

a housing defining at least one return passage to receive the 
trace sample and a nozzle configured to direct a jet of 
fluid onto the object; 

a vapor filter coupled to said housing and coupled in fluid 
communication with said at least one return passage, 
said vapor filter configured to absorb vapor from the 
trace sample: 

a particle filter coupled to said housing and coupled in fluid 
communication with said at least one return passage, 
said particle filterconfigured to collect particles from the 
trace sample: 

a heater; 
a controller configured to control said heater to heat said 

particle filter to a temperature that also heats said vapor 
filter, and, 

a single detector that detects a vapor/particle sample cre 
ated from the vapor absorbed by said vapor filter and the 
particles collected by said particle filter. 


