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During the past decade & number of portable vapor detection
systems have been developed in respomse to military and law enforce-
ment: problems. In view of its early R&D involvement in this avea,
the US Army Land Warfare Laboratory initiated an internmal program
with the objective of evaluating the capabilities of certain of the
most promising of these detection systems, The emphasis of the
program has been on those: aystems capable of detecting explosives,
naxcotica, and compounds related to the production of these watexials,
In the course of the evaluation, the following detection systems have
bean examined: (1) Yonm Mobility Spectrometer (a type of plasma
chromatograph), Franklin Institute Research Laboratories;

(2) Bilolumincscent Semsor System, RPC Corporation; (3) Portable
Quadrupole Mass Spectrometer, Varian Associates; (4) Model 27
Gelignite Detector and Model 58 Explosive Detectoxr, Xon Track
Instruaents; (5) Explosive Detection Dogs, trained by Southwest
Research Institute. All of these systems have the feature of divect
sampling of the atmosphere,

The most significant criteris of porformance of 8 detection
system are its scnsitivity and specificity, since by a correlation of
information regarding these characteristica it should be possible to
predict the effectivencss of & system in & proposed operstional
environment, For this reason the USALWL progrim has been concorned
principslly with determining these characteristica for a variety of
detection systems., The sensitivity of & detcction system fox the
vapor of a given compound has been taken to be the threshold con-
centration for @ detection under ideal conditions, To be meaniugful,
this threshold concentratiocn must be determined experimentally rathor
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than theoretically, A two-stage gas dilution system was designed and
constructed to serve as a source of appropriate vapors, By its use
the detection systems listed above have been calibrated with regard to

sensitivity for onme or more compounds, aad may be directly compared
with each other,

The second significant characteristic of a detection system
is its specificity, that is, its ability to distinguish a particular
vapor from the plethora of vapors which may be present in any given
envirorment. With the exception of trained dogs, each system was
allowed to sample numerous vapors with a reasonable probability of
being encountered in operational situations. Those vapors were
determined which either resulted in false detections or acted as

interferences, thereby reducing the effecting sensitivity of each
detection systenm.

The compounds selected for sensitivity studies were ethylene
glycol lpitrate (EGDN), trinitrotoluene (INT), acetic anhydride, and
cocaine, - EGDN is a substance added to nitroglycerime in the
preparation of low freeecing dynamites, has a vapor pressure approxi-
mately two ordexs of magnitude higher at room temperature than
nitroglycerine, and is known to be the priucipal vapor above dynamite.
The choice of TNT is obvious, but it should be emphasized that the
sensitivities were wmeasured for TNT, with virtually all dinitrotoluene
(PNT) vapor eliminated. Acetic avhydride is utilized in processing
morphine into heroin and is expected to be found either in the arca
where such processing is done, or as a trace impurity in heroin,

Like heroin, acetic aphydride decowposes in the presence of water
vapor to foxm acetic acid, The choice of cocaine ie cleay, but it had
to be heated because of its very low vapor pressura, Although heroin
was briefly studied, we suspect it underwent therws! decomposition
befoxe being detected. Finally, a measure of the gperificity of each
of the first four systems has been establiched from its response to &
1int of wore than fifty selected compounde.

1., NEASUREMENT TECHNIQUE

The threshold concentrations for a vesponse by the detection
syatoms ranged from less than one to wmore than & hundred parts per
billion (PPB), where concentrations sre defined in terms of a ratio of
noles of sample to be detected to woles of carrier gas, Iu order to
determine sensitivities, a method of accurately generating such cou-

~ centrativuae in @ puriiied carrier gas had to be developed, Figure 1

is & diagraa of the clowed, two-stage dilution lylcen which was
developed for this purpose.
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The initial stage of the dilution system consists of a DuPont
Thermograviometric Analyzer (TGA) used to vaporize specific compounds
and a mixing tube. The TGA measures directly the change in weight of
a sample material as a function r € temperature or time, A metered
inert gas flow is directed into the TGA and mixes with evolving sample
vapors., The gas mixture emerging from the TGA enters a heated glass
line where further miging occurs. Typical concentrations at this
point range from 1:10° to 1: 10°. Further reduction of concentration
is obtained by metering a small portion of this mixture into the
heated, second stage of the system., This is accomplished by means of
a pressure difference across an orifice connecting the two stages,
The second stage also has a carrier gas flowing through it, which in
turn mixes with the flow through the orifice and produces the final
concentration of the mixture, After a suitable length for uniform
mixing, the detection system terminates with several ports, of which
one is used a3 a8 sample port for the detectors. A portion of the
final mixture is also diverted to a mass gpectrometer and/or
previously calibrated electron capture or flame lonlization detectors.
These units serve to verify the final concentratious being seen by the
detection systems under evaluation,

In the specificity portion of the evaluation, the xesponses
of all but the last detection system were noted when they sampled the
vapors of a sexies of common compounds or compounds of imterest. Each
detector was allowed to "sniff" for five seconds at the top of a
container partially filled with one of the selected compounds, f%the
containers were approximately 5 ce's in volune and generally were less
thon half full. No attempt was made to cstimate the concentrations of
vapor sampled by the detectors,

11, RESULTS
A. 10N MOBILITY SPECTROMETER

The Xon Mobility Spectrometer (IMS) is a version of the
Plasma Chromatograph which was originally built for USALWL by
Franklin GNO and modified by Franklin Institute Research Laboratories.
The underlying concept of the instrument is that ions can be
distinguished from one another by their mobility in a unifoxm electric
field, The particular version tested was designed for resl-world use,
operates at atwospheric pressure, and utilizes nnither ultya-pure
carrier geses, nor heating of the detector,

Figure 2 48 a diagram of the intevior configuration of the
INS, Samples of air are continuously drawn iuto the iustyxument and
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swept past a Ni63 peta emitter, The beta particles ionize molecules
in the air and, in turn, the ions may interact with other molecules,
Although the kinetics involved are quite complicated and not
completely understood, the net result is a region of ionized species
near Lthe shutter grid at the entrance to the drift tube, The drift
tube has a cylindrical shape and a radially-independent electric field
is imposed along its axis, However, the shutter grid acts as a gate

:..to prevent ioms from vandomly entering the tube, When the grid is
_;‘:“opened" ions of the proper charge accelerate into and down the drift
/. tube, undergoing multiple collisions with neutral molecules, and

- -
Py
PR Ut

eventually being collected and measured as a current by a fast
electrometer. The mobility of an ion depends on a number of factors
such as its mass, charge, effective ionic size, and so forth, It was
claimed that ionic mobility differemces would result in a gseparation
of ionic species into disc-shaped envelopes whose time of flight
would characterize the species, in amalogy with the retention times of
gas chromatography.

The IMS operates in & continuous mode, with the shutter grid
opening for a fraction of & millisecond every 25,6 milliseconds, and
with a detection mode for either positive or megative ions. Data are
visually displayed on a scope in the form of a spectrum of current
versus time over the 25,6 millisecond period, Those epectra toward
the left gside of Figuxe 3 (a)~(d) are typical clean air spectra,

It is belzeved that the "air peak" i{s due to fong chiefly of the
form (Hy0),, Not and (nzo) Kt in the positive detection mode,

(H20)y, c and (H50) ? the negative detection mode, These ions
axe termea reactant Tons, because they can intevact with trace
molecules in the air to produce additional ionic species.

The regponse of the IMS to low concentrations of compounds
of interest in air was investigated for both its positive amnd -
negative detection modes, For detectable compounde it was found that

" the time of flight of the predominent species was dependent on the

concentration of the parent compound in air, showiug an increasing
time of flisht with fnurecasing concentration, Iu Figure 3, this is
wanifested by the eshift of the “pure air' peak to the right (to

longer times of E£light) as the concentration of acetic anhydride io

air is increased, While the sequence shown for acetic anhydride
occurred in the positive detection mode, a similar response to
detectable compounds such as EGDN was noted in the negative mode,

Our tests confirmed that the IMS is quite sensitive to the
prelenca of a nuber of compounds, in the sense that a ghift in the
.spectrum is discermable at very low concentxations., For instance, a
concentration level of 4 PPB for acetic anhydride or of 25 PPB for
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EGDN causes a shift which corresponds to an increase of 0,3 milli-
seconds in the time of flight of the predominant species, However,
since the IMS responds to many compournds in the same manner, at very
low concentrations there is no psssibility of identifying which
compound is being detected, Ome must conclude that the IMS - this
real-world version of the plasma chromatograph - has virtually no
specificity at low concentration levels and is presently not a useful
detector,

B, BICLUMINESCENT SENSOR SYSTEM

There are in nature certain types of marine microorganisms
vhich have the property of luminescing during their life cycle.
Under proper conditions they are not only capable of existing outside
their normal water enviromment, but also continue to luminesce in
the atmosphere., It has been found that, when they are exposed to the
vepors of chemical compounds, these microorganisms may exhibit a
change in the intensity of their luminescence, Attempts have been
made to develop strains of the microorganisms which not only have a
reagonable specificity for certain vapors, but also a grestly improved
sensitivity, The RPC Corporation has developed streins for the

detection of quite a wide range of compounds imcluding dynamite (BGDN),

TNT, acetic acid end acetic anhydride.

For the RPC Dual Chamber Binluminescent Sensor System which
wag tested, microorganisms are grown on 8 nutrient medium in a
cartyidge and this is referred to as a sensor. After the wmicro-
oxganisms mature, the semsor ias placed in a chamber facing a photo-
- ecell, When the sensor is exposed to the vapors of some compound,
there may result in sn increase, decrease, or no change in its
luminescent intensity, A sensor which shows an increased or
decreased light emission iw the presence of & compound onc wishes
to detect is called a positive or negative sensor, respectively, for
that compound, Whenever possible, a pair of sensoxs - a positive and
8 negative gensor - ave used together for dmproved epecificity, siuce
e single sensor way respond with a falase detection to a number of
‘vapors. There are pairs of sensors for both EGDN and acetic acid/
anhydride, but ouly a negative scnsor for INT at the present time.

The Duel Chanuel Sensor System is the most portable of all
the detection systems examined, The system consists of two basic
compounds: A honclicld probe which contains the sensors, apd an
electronic control box. It is small, lightweight and has a low power
requirement which allows it to opexste off a small battery pack. In
operation, a single sensor functions efficiently for four to six
hours under normal couditions end for two hours or less in & hot-dry
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or contaminated environment., Aside from specificity problems
described below, the principal disadvantage of the detector is the
necessity of beginning sensor preparation from 18 to 30 hours before
anticipated use,

The evaluation of the system showed that the unit had a
reasonable sensitivity for the compounds of interest. The threshold
concentration level in air was found to be approximstely 15 PPB for
EGDN, 30 PPB for TNT and 24 PPB for acetic amhydride. The above
values were obtained for the most sensitive gensor strains developed
prior to the tests, Furthermore, these values were determined by
analyzing the signal output of the detector on am extermal chart
recorder, The internal alayxm system of the detector itself is
gomewhat insensitive and should be improved.

There are definite specificity problems with the biosensor
syatem, For each type of semsor or semsoxr pair, there are a number of
common compounds such as gasoline whoge vapors give false detections,
In addition, a detectiom-like respomse occurs whenever there is a
sudden change in humidity of the air being sampled., False detections
constitute a particulaxly serious difficulty for the single TINT
sensor and are an ever present problem for the sensor pairs, It is
the opinion of the authors that thexe is a sufficient degree of
specificity for the semsor pairs, so that in a normal environment a
well trained and experienced operator can recognize most sources of
false detections and can effectively use this detection system.

In susmary, the Bioluminescent Sensox System has sufficient
sensitivity and specificity to be operationally effective, although
the hazaxd of false detections remains. The system's portability cam
make it particularly useful in covert operations,

C, MASS SPECTROMETER

A portable, quadrupole mass spectrometer was desigued and
built by Varian Associstes eccording to USAINL specifications, 1In
order to meet the requirement of portability, the design incoxporated
such features as a three-stage, Llewellyn membrane seporstor with
varisble temperature control, 8 “portable® vacuum system, and a pro-
gram control and dats processing systewm based on & swall, general pur-
pose computex, Silicone elastometric wembranes in the separator act
as a concentratox, efficiently transaitting organic materials with
nornsl boiling point between sbout 09 and as high as 400°9C, while
excluding to a large extent the air geses, Thus, vacuum requirements
are greatly reduced, Blectron dmpact fonization is utilized and the
quadrupole sualyzer hes a resolution of approximately 1l amu, In .
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operation, the mass spectrometer cam be programmed to periodically
sweep through the entire spectrum or through any six mass numbers,

In mass spectrometry, molecules of a compound or the fragments
of molecules are identified by the mass to charge ratio of their ioms,
and individual peaks can be monitored to detect and specify a
particular compound, MNowever, in the real world, an emormous number
of materials are present even in the cleanest enviroument, and many
of these can permeate through the membrane separator. At every mass
number in the useful range of the instrument, there is at least a
detectable level, and ofter a relatively high level of iomns resulting
from the background constituents. Thus, the detection threshold and
specificity of the mass spectrometer &re very much dependent on the
compound to be detected and the enviromment im which the instrument is
used, For instance, the major mass peaks of acetic anhydride coincide
with regions of very high background, Ome obtains bettey sensitivity
by relying on a minor peak of acetic aphydride at 60 amu for detectiom
even though it is only 2% of the strength of the major peak at 43 amu,

The sensitivity of the mass spectrometer was determined with
nitrogen or air as the carrier gas in the dilution system. The
temperature getting on the probe amd membrane separator depended on
the material to be detected and rarged from ambient for per-
chlorethylene to 130°C for INT, The aystem's threshold concentration
level for perxchlorethyleme was approximately 0,1 PPB, Since this
substance has majoxr peaks in a very low background region of the
spectrumn, and since it is very efficiently transmitted by the
separatoxr, the value of 0.1 PPB should come close to representing the
ultimote sensitivity of the instrument for a material in the cleanest
enviroument. The thrashold levals for other compounds of interest
were 4 PPB for acetic anhydride, 25 PPB for TINT, and 75 PPB for heated
cocaiue, All of the above values were found in a computer-assisted
mode . ’

The miass spactrometer is the wost specific of all the systeme
evaluated, Oae can virtuslly eliminate falge detections by using many
wass nwibers to identify or confirm the proseuce of vapors of a
particular compound, However, the price to be paid for such certainty
is a reduction ia the detection threshold to that for the weakest of
the chosen mass peaks, Interferences also can reduce the operational
capabilities by producing a high backgroumd level at the mujer peaks
of a compound, thereby requiring either lexger increments in signal
for a detection, ox clivice of 8 set of wesker mass peaks,
Intexferences are additive in the sense that many compounds cen con-
tribute to background at each wmsss nusber., As a result it is very
difficult to predict the detection threshold of the mass spectrometer
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in a given environment without a detailed knowledge of that
environment,

D. MODEL 27 GELIGNITE DETECTOR AND MODEL 58 EXPLOSIVE
DETECTOR

The Model 27 and Model 58 Detectors are portable detection
systems consisting of three basic components: (1) a handheld sensing
unit, (2) an electronic control box, and (3) a cylinder of high
purity argon. The Model 27 detector ia shown in Figure 4, In
operation, ambient air is drawn into the inlet of the sensing unit amnd
impinges upon a ailicone membramne similar to those used in the
separator of the maas apectrometer. The internal configuration of
this portion of the units is diagrammed in Figure 5. The vapors
vhich are tranemitted through the membrane are then swept from its
inner surface into the electron capture detector by a continuous argon
flow. Vapors of compounds with an electron affinity. «wch as most
explosives, reduce the astanding current of the electi... capture
detector and ave detected. One hopes to be able to daistinguish
explosives from other materials by the unit's recovery time following
& detection.

While the Model 27 and Model 58 detuuotors o' te on the same
principle, the latter has several additional features. The most
important of theaa is & variable teuwperatura oven which surrounds psrt
of the inlet, the membrane, sud tha electron capture detector. The
oven can be set to maintain temperatures from 509C to 150°C, in steps
of 25°C, for the purposes of reducing adsorption on the detector's

~ funer surfaces and of enhsncing transmittauce of vapors through the

membrane, The other feature ia an “automatic gero" control which
suppresses slow signale assoclated with detector drift, The power

- vequivements of the oven sre met by an external battery dack. .

Sensitivity measurements were performed on both of the models,
The Model 27 detector showed a threshold concentration of approxi-
mately 0.2 PPB for EGDN although it was {unsensitive to TNT. The
Nodel 58 Explosive Detector had a threshold concentration of slightly
less than 0,1 PPB for EGON with the oven set at 759C, For TNT ite
threshold concentration wvas 0.2 PPB, with an oven temperaturea of
1509C, These iustruments were by far the most sensitive detectors of
explosives. '

There are specificity problems with these detectors,
particulaxly when the Model 58 is operated at temperatures above
100°C, Halogenated compounds, such @s freon and parchlorethylene,
have sensitivities compuradble to that for ECDN. Other commoun
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compounds such as gasoline give false detections. Fortunately, at
near-ambient temperatures the recovery time following a detection is
much longer for explosive vapors than other vapors, An experienced
operator can recognize characteristic recovery times for explosive
vapors. However, at the elevated temperatures required for detection
of many explosives such as TNT, the recovery time is quite short for
all compounds, Above 100°C there is little possibility of
distinguishing detections of explosives and non-explosives. Nonethe-
less, since the Model 58 detector not only is much more semsitive to,
but also is the only operationally effective detector for INT &and
other low vapor pressure explosives, this lack of specificity must be
accepted for the present, At this time a Model 62 explosive detector
is being introduced which basically incorporates a chromatographic
column into the Model 58 detectox in an effort to solve the
specificity problem. This detector has not been evaluated.

E. EXPLOSIVE DETECTION DOGS

One of the more unique methods of vapor detection is the use
of detector dogs., Although the ability of dogs to be trained to
detect and follow various odors is univexsally accepted, very little
effort has been expended to detexrmine concentration thresholds for
compounde of interest. Three dogs trained by personmel at Southwest
Regearch Institute were used in an attempt to determiue approximate

“sensitivity level for an explosive vapor.

The detector dogs were trained and sensitized on a single
vapor, and since they had shown a capability for detecting dynumite
under a previous USAIWL program, KRGDN was selected as the material for
evaluation, This also alluwed a divect comparison to be wade between
the trained dogs and the Model 27 Geliguite Detector. A special

- dilution system and threo-funnel ssmpling chawmber were constyucted
for the tests. There were two basic combinations of fumnels fer euach
test trial: - (1) one of the three funnels had an EGDN sample, positive
sample, and {2) uone of the three funnels had an EGDN ssmple in it,
negative sample, Positive and wegutive samples, as well as tho
location of the EGDN ssmple, vere raudomized,

The anslyeis of the tests verified the high accuracy of the
dog in detecting vapors above a vial of undiluted EGDN (100% correct
tests oa positive semples, 95% corrcct tests on wnegative ssmples),
At 130 PPB, the accuracy on positive samples had dropped to 562 and
negative semples were indicated correctly during 58% of those tests,

For tests conducted at 40 PPB, accuracy for both positive and negative

samples had dropped to 33 1/3%. Since sample size was very small,
statistically strong statements cannot be made concerning these tests.
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111. CONCLUSIONS

The results of the detector evaluations are tabulated below:

Detection System Specificity Sensitivity
IMS Very poor AAc - 4 PPE
EGDN - 25 PPB
Bioluminescent Semnsor System Fair AA - 24 PPB
) EGDN - 15 PPB
INT - 30 PPB
Mags Spectrometer Excellent A.A* - 4 PPB
INT - 25 PPB
Cocaine - 75 PPB
Model 27, Gelignite Detector Good BGDN - 0.2 PPB

- Model 58, Explosive Detector Pair to Good EGDN - 0,1 PPR
TNT - 0,2 PPB

Traiued Dogs : ' Undetermined EGDN - >100 P
% Acetic Auhydride

For detection of explosives, the Model $8 Explosive Detectoy
ie clearly the most sensitive as well us versatile detector, in that
it xesponds to many explosive compounds. It is the operationally

superior detection systom for wost situotions. For detection of

- maveotics or location of coveit waveotie production facilities, the
Quadxupole Mass Spectrometer and the Bioluminescent Sensor System ave
recommended, Aside frowm considexations of cost and portability, the
cholce of a detector shuuld be governed by operationsl enviroimout .
owd the degree of certitude required,

IV, REFERENCES

A. Wall, William A.; Gage, Herbert M, and Swishor, Joe A,
Yrelimivary Bvaluation of Vapor Detection Systems, Part I ¢elignito
Detector (U), Techmicoal Rote No. 73-04, US Army Land *mefare -
Laboxatorv, March 1973, AD 911589L.

B. Roports on the evalustions of the IMS, Bual Chawiel

Bioluminescent Sensor, Hodel 58 Explosim. Dutt.ctor. Hass &.pec.cromctcr
aud Detector Dogs ave pendiag.

284




WI3eAg WOFINTIQ I8wis-oml 1 2andig

, 30VY18 1s4¥i3
, _ Yol

ﬂlﬁ
auuoa
(d42)
~ Buiqny x93hy .

29quey) BuyxTH
ya

Juop B! . t 10)
(d€1) ~ Supqny %e1ly ¢ SRR

2aTeA
5viS GRooas

285

WALL &




973pmAYDS 1933wox303adg AIFTFQON UOL °Z 9andTi

. 10x3u02 uyed pue
8193133 ss8sld-y3Ty pue ssed-a7 x

3204
3913
—~ a13ang ——
x80FR0x309T4 I0o8uog
Le1dsIq 29930 JuaIINY o > . 8
Q ) * Q
O [e4
O Pa )
o) - #o1l
A . 3w
3 |
o h)
o -

. . | C/— |
\ ou1
9T
PISTUS Rl

€9-TH
aap3ozOTPEY

pTID 2933NYS

WALL & *GAGE




WALL & *GAGE

Figure 3(a). Spectra® of Ion Mobility Spectrometer
for Acetic Anhydride at 5 PPR

Figure J(b). Spectra* of Yon Mobility Spectrometer
N for Acetic Anhydride at 15 PPb
* Clean air spoctrum to the left is stored amd used as o reference,
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Figure 3(c). Spectra® of Ion Mobility Spectrometer
for Acetic Anhydride at 36 PPB

Figure 3(d). Spectra® of Ion Mobility Spectronioter
for Acetic Anhydride at 257 PPB

% Clean air spectrum to the left is stored ond uwsed as a reference,

Reptoduced lrom
best available copy.

288




WALL &*GAGE

Q‘\- ':”iilm

1.

¢
Argon Bottle

Figure 4, British Celignite Detector, Model 27

«= To Suction Pump——"
Argon Flow

Silicone
Membrane

Figure 5. British Gelignite Detector Probe, Model 27
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