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Department of Energetic Systems
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r“‘

)

;éi‘ Commander, Department of the Navy

g Naval Sea Systems Command NAVSEA-06H3
Attention: Mr. Ed Daugherty

be . Washington, DC 20362

Xy

Y Subject: SwRI Project 15-5607-825

f&i Final Report on Phase II

"Feasibility of Detection of Explosives in
Cased Munitions: Phase II Nonvapor Detection
Methods"

Dear Mr. Daugherty:

In accordance with the MIPR sent through the Defense Electronics
Systems Command (DESC) three copies of the Final Report on SwRI
Proposal 06-0604A, Phase II funded under contract modification number
P00031 dated 15 June 1983, line item 0001AV to NTIAC Contract DLA 900-
79-C-1266 and titled: "Feasibility of Detection of Explosives in Cased
Munitions: Phase II Nonvapor Detection Methods," by Dr. Harold J. Gryting
are forwarded.

For Phase I $10,475 is now needed in accordance with the proposal.
On completion of Phase I, the two sections will be bound together into one
report (some additions will be made to Phase II as not all requested
information has been received). The report will also contain a brief
list and discussion of advantages and disadvantages of vapor vs nonvapor
detection.

Recommendations for near term research into the best of the nonvapor
detectors has been made in the attached report.

We are happy to have the opportunity to serve and hope to continue to
agsist in this important endeavor.

Sincerely yours,

(oS, UWecesaf

Alex B. Wenzel, Director

ABW:1lr Department of Energetic Systems
Enclosure
cc: H. N. Abramson

H. J. Gryting

R. Priegel

C. du Menil

W. R. Herrera

S
, TEXAS., ANO WASHINGTON. O.C
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FOREWARD

The Navy has the ongoing problem of ordnance being loaded with
simulants for various requirements including practice items being
difficult to differentiate from explosive-filled ordnance. In additiomn
some practice bombs contain energetic marker materials. Ideally, one
portable instrument for all differentiation problems would be chosen if
available. The current survey is to determine the status of explosives
detection instruments and possibly viable concepts for such detection for
Navy ordnance, much of which is sealed. This phase (II) covers nonvapor
detection.

Ny X N

This work is supported by the Naval Sea Systems Command (NAVSEA 06H3).
This study covered the period of June 15 through November 21, 1983.
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DETECTION OF EXPLOSIVES PHASE IN NONVAPOR DETECTION
INTRODUCTION
A proposal to review concepts and new and improved methods for explosives

detection was accepted by NAVSEAO6H in June 1983. Phase II Nonvapor
Detection was funded first. To conserve time, the abstracts for both

phases were obtained at the beginning of Phase II. Full reports (micro-
fiche) were ordered for 46 articles related to Phase II. Approximately
150 reports were noted as related to Phase I.

Data bases searched by computer from 1980 through July 1, 1983 included
(1) INSPEC Data Base, which is the largest data base in the English
language in the fields of physics, electrotechnology, computers, and
control. (2) CA Search Data Base. This covers ﬁibliographic data from
all documents covered by the Chemical Abstract Service. (3) NTIS Data Base.
This covers Government-sponsored research, development, and engineering,
plus analyses prepared by Federal agencies, theilr contractors and grantees,
and (4) Compendex Data Base which is from the Engineering Index with a
worldwide coverage of 3500 journals, publications of engineering societies
and organizations including papers from the proceedings of conferences, and
selected Government reports and books. In addition to the above data base
computer searches, personal contact was made with a number of people known
to be involved with detection to obtain updates in their particular special-
ties that have occurred since 1979. This included many people whose papers
are referenced in the SwRI report of December 1981. In addition, a summary
from the FAA-sponsored Cambridge, Mass., (April 19, 1983) Conference on
Detection was obtained, as were abstracts of papers from the FBI-sponsored
detection meeting at Quantico, W. Va. (March 29-31, 1983). These two
conferences were directed toward finding explosives that are brought in or
planted by terrorist or other saboteurs.

The field of quantitative nondestructive evaluation has expanded and
progressed markedly since 1980. A meeting was attended at the University
of California, Santa Cruz, sponsored by the Center for Advanced Nondestruc-
tive Evaluation, Ames Laboratory, Iowa State University, in cooperation with
the Office of Basic Energy Sciences of the US Department of Energy, the

Defense Advanced Research Projects Agency, the Naval Sea Systems Command
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3 and the Air Force Wright Aeronautical Laboratories/Materials Laboratory.
é%, Although the NDE papers given did not include results of use of any instru-
ment specifically developed for detection of explosives, some of the tech-

zi niques, given additional exploration dedicated to differentiation between

;§¢ simulants and explosives, may become useful in the future. Some of these

gi will be considered here.

N Although for many of the types of detection and detectors no major

g; breakthrough type improvements have been made that allow field detection

o in sealed bombs instantly with portable devices, there is still the potential

:4: for some of these methods to be developed to do what is required to
differentiate the true explosive from the inert simulants. Among these

,3 can be included nuclear gauging, dual energy tomography and nuclear magnetic

§§ resonance. The latter cannot be used for sealed weapons, however, so its

use would require development of equipment which could drill holes suitable
for a small transducer. NMR can be used with a large or small specimen
(down to a few grams size).

The theory and mode of operation of nonvapor detectors is discussed in

some detail in our previous reportgl) (2) of

and the evaluation by Henegar
various metal detectors has apparently not been superceded by a newer

5%‘ detailed comparison of instruments.

%

“ COMPUTERIZED TOMOGRAPHY (CT)

;}i As discussed previously,(l’a) CT is the recomstruction numerically of a
,ﬁ cross-sectional image from data obtained at different aspect angles. These
_E are determined using x-rays or gamma-rays together with radiation detectors.
P An update of Roder's previous report(3) has just been received for review;

éﬁ however, the author indicated that whereas the previous report indicated that
SQ tomography was not good enough to differentiate between explosives and their
3

simulants, he now considers that using Dual Energy Computerized Tomography,
(DECT), depending upon the system, may work with warhead cases up to one~half-
inch thick, and above that it would not work. If, on the other hand, the

o,
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organic simulant simulates the density of the explosive exactly and atomic
numbers do not differ by more than about 10%, DECT probably would not be
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satisfactory for the differentiation required(&). Both Aerospace-George-
town University sponsored by BATF and Varian Associates sponsored by the
FAA have performed DECT studies.(s) These showed that explosives could be
seen as high density materials with low average atomic numbers and could
be reasonably distinguished from innocuous objects. One explosive, it was
noted, was not distinguished from a block of cheese.

A breadboard type system suitable for realistic measurements was
designed by Aérospace-ARACOR-USCF under BATF sponsorship. This system
includes a precision conveyer belt, a panoramic X-Ray tube, eighty
separate scintillators (CdW04) coupled to photodiodes, and a data acquisition
and control system. This system is to be evaluated at the FAA Tech Center.

To summarize recent CT technology advances Dr. Frederick Roder is
quoted:

"In the four years that have passed since decvelopment of the bread-
board DECT system was initiated, the state-of-the-art in CT has advanced
on seﬁeral fronts. A prototype system configured along the lines of the
breadboard system would require -104 detector elements. 1In 1979 that
seemed unthinkable and 104 is still more detectors than has ever been
incorporated in a single scanner. However, one commercial system has
employed 2.4 x 103 detector elements. The breadboard system requires that
the X-ray voltage be changed between complete scans. However, an X-ray
source designed for dual energy work and capable of switching between
two fixed voltages at 60 Hz is currently being used at the Stanford
Medical Center. But most significantly, the last four years has seen the
development of a very high speed CT scanner designed primarily for cardiac-
imaging. This unit, termed a cinetomographic scamner by the developing
group at the University of California, San Francisco Medical School, has
already been employed to obtain cross sectional images of human hearts
at 36 slices/sec. This system utilizes no moving parts during a scan.
Instead a high current (~600 mA) electron beam is electromagnetically
swept over a 210° tungsten target, producing the same effect as an X-ray
tube rotated through the same angle. The slice thickness is 7.5 mm, with
a 47 cm diameter reconstruction circle. The present system is designed for
single energy operation. The next system, currently being fabricated, will
have DECT capability. Figure 7(6) is a photograph of the cinetomography
system before the detector rings were installed. Figure 8(6) illustrates the
scanning position for a patient.”
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"The cinetomographic scanner could obtain a full three-dimensional
DECT image of a 100-cm long suitcase in .3.7 seconds. However, the resolu-
tion of this system (2.2 mm FWHM) is far in excess of the requirements for

§ explosives detection and the 47 cm diameter recomnstruction circle will only :
,Y . accommodate relatively small luggage items (~35-cm high by 30-cm wide). Recon-
43 struction time is alsoc a limitation: at present about 78 are required ;
_ per 256 x 256 slice. Consequently, although it is believed that the cine- .
?3 tomography system would be an excellent tool for demonstrating the feasi-

bility and efficacy of DECT explosives detection, further engineering will
be required to embody this technology in a system configured for explosives
detection."

"Finally there is the matter of cost. As a medical system, the
estimated $1.5 million price tag of the cinetomography system is quite

it acceptable. However, for security applications such a price tag would be
unacceptable under other than the most dire circumstances. Consequently,
cost reduction engineering must be an essential aspect in developing a

DECT explosives detector."

NUCLEAR GAUGING

: f
Y

3 Work in this area by Weber, Lukens, and others has been summarized in K
X iy
i a paper from IRT COrporation(l). The early work reported a nuclear gauging

s system consisting of three transmission type gauges with signal acquisition

% electronics. They determined density using a dual energy gamma gauge with .
_ 241 109 :

.. Am (59.5 KeV energy) and CD(22.1 and 25.0 KeV) and hydrogen con- R

2
tent with a thermal neutron gauge with g§,Cf as the source and a tritium-

o

f.

filled gas proportional counter as the detector. Letter bombs were detected
at near 100X accuracy.

More recently nuclear gauging was used to determine feasibility of
(8)

R A

detection of phosphorus in practice bombs.
Nuclear Gauging by Compton Scattering - Applied to Practice Bombs

Nuclear gauging has been examined by IRT Corporation using a Compton ;
Scattering Inspection Systenm.
A Compton scattering detection system was developed by IRT Corporation

B

D

which they indicate has been shown in a feasibility study conducted at

"

A ) AR N by Oty K I C R
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MWC, China Lake, to be capable of meeting requirements of range clearing
operations for the NR-76/BDU-33 and NK-106 practice bombs. Compton

scattering, or collimated photon scattering, a technique developed by IRT

for nondestructive examination of ordnance, uses a collimated beam of

photons from a "pencil beam" intersecting a practice bomb at a particular
inspection location. A series of collimators is focused on this location

and the attached sodium iodide detectors and associated electronics provide
accurate counting rates for photons which are scattered away from the "location"

(or interior inspection volume). The scattered photons can yield informa-

tion concerning whether the energetic load has been expended or remained
in whole or part.
A three-step inspection process was developed:
1. Physical inspection using calibrated, hand-held measuri rods.
2, Inspection of remaining bombs using the Compton Scatte: , “ystem.

3. Inspection of thése gauged to be live on doubtful by th  ompton

System by dismantling, sawing near spotting charge location and
visually verifying whether live or not.

A validation laboratory study (1RT-399-902) confirmed the
initial feasibility study which was then followed by a pilot study which
included design and fabrication of a prototype Compton Scattering System
and transporting to NWC Baker Test Range where results led to establishing
the parameters for an optimized system for full-scale range cleanup of
MK-76/BDU-33 and MK-106 practice bombs using this method.

The live round false accept probabilities were: for MK106 =
1.9 x 10_8, for MK 76/DBU-33 = 1 x 10-5, whereas empty round false
reject probability was: for MK106 = 4.4 x 10-5 and for MK-76/BDU-33
= 3.9 x 107,

Nuclear gauging research is underway for FAA also at Westinghouse;
recent reports from there have not been received. Discussion with
Hurwitz has indicated that should this technique be used, spent nuclear
materials would be exchanged for new specimens from the futnishing plant
so the Govermment should not be required to dispose of used materials as
hazardous materials.

G. Entine et al. of Radiation Monitoring Devices (private communication

to H. J. Gryting) have developed a small detector with some capability for
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;tﬁ detecting explosives as shown in Figure 1 and 2. In its present state,

§i couplex differentiations as indicated earlier would have the limitations

noted for this mode. It could detect certain explosives in bicycle frames,

for example, but is not a universal tool for all ordnance.

NUCLEAR MAGNETIC RESONANCE

§;§ Since Ref. 1 was issued, there have been continuous efforts related
3
1$2 to nuclear magnetic resonance and nuclear quadruple resonance mostly to
* improve the techniques and to extend the quantitative measurement capability

to additional compositions. In work conducted during the last year,

7;$: advances have been achieved that allow explosives to be detected more reliably
Y }; and with fewer false alarms in imperfect magnetic fields. These advances
Vot

resulted from efforts to improve the NMR system for inspecting baggage to

detect concealed explosives but these should also be useful to detect

’y explosives sealed in ordnance by means of making a small hole in the steel

¥ containment wall. In normal NMR, the magnetic effects of the steel casing
on the signal obtainable with a small semsor probe inserted through a
thick wall could seriously degrade the results. However, use of these more

2% recent techniques along with adequate probe design could be instrumental

in improving the probability of success with such probe measurements.(g)

aa 2 88

No effort has been conducted to the author's knowledge to determine explo-

sives through small holes. A number of companies producing lasers have

{:Q been asked whether their equipment could gently open a hole in a steel

Iﬁ: case without igniting an explosive or other .energetic material. Not a

if‘ great deal of optimism was expressed for such an approach.

N Nuclear magnetic resonance for use in detection of explosives could

rﬁﬂ be a viable concept providing the ordnance is not sealed totally. Metallic
f%ﬂ cases do not allow the electromagnetic waves to pass into the explosive

éj unless there is a hole large enough for a small probe (size to be determined

by the smallest transducer that is determined experimentally to be effective)
to be inserted in such a way that the electromagnetic waves are not all
adversely reflected or absorbed. Significant progress has continued in the

field of nuclear magnetic wave use for quantitative determination of such

explosives as the cyclotols and Composition B.
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MODEL 8200

Portable Contraband Detector
Detects Hidden Contraband Without Disassembly
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The RMD Model 8200 Portable Contraband Detector is a compact, llghtweighf instrument for the detection of :
narcotics and currency hidden in the body panels, tires and seats of vehicles. (

Developed under contract for the U.S. Customs Service, the Model 8200 uses a modern microprocessor-based |
technique to detect contraband beneath metal surfaces. The scanner may be used on ail types of vehicies,
aircraft, vesseis and shipping containers.

The detection technique utilizes a nuclear flux, emitted from a smail source directed into the volume of
interrogation. The backscatter flux is measured using a highly sensitive soiid-state detector and analyzed

by digital electronics. The operator is alerted to the presence of contraband by an audible alarm as well as
a numerical display. :

Figure 1. RMD Explosives Detector

Radiation Advanced |
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Devices, For !
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’ Features
Fast A typical vehicle can be inspected inside

and out in less than five minutes,
including hollow body panels, tires, trunk
and seats.

State-of-the-art sensor and
microprocessor signal enhancement
allow positive identification

of contraband targets.

Narcotics packages of 4 oz. (0.1 kg.) and
currency packages over 100 bills can be
readily detected.

The scanner can be used to locate

a wide range of drugs and currencies.
Requires less than two hours of operator
training. Small Co-57 source needs no
NRC license.

Figure 2. Characteristics of RMD Explosives Detector

Radiation
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Surtace Panel

Specifications

Size: 10” high by 9” long by 4" wide
(256 x 23 x 10cm)

Weight: 3.25 Ibs. (1.5 kg.)

Power: Rechargeable NiCd batteries
provide a full work week of
operation before recharging.

Dispiay: Alphanumeric with backlighting
for night operation.

Response Time: 0.25 seconds.
Scanning Rate: 1 foot (0.3m)/second.

44 Hunt St., Watertown, MA 02172
(617) 926-1167
Telex 951661 RMD WTWN Copyright © 1982
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X-RAY TECHNIQUES

Greater sophistication in X-ray techniques obtained in the last few years
makes the measurements more meaningful including the successful identification
of certain specific objects; however, the full differentiation between
explosives loads and their inert simulants has not been achieved by these ;
techniques.

Excerpts from the Cambridge FAA meeting summary indicate status of progress.
X-Ray Fluorescence Spectrometry used in semi-quantitative analyses of known
explosives compositions and the detection of metallic elements in small
quantities is indicative of some of the branching techniques which are
being developed.

MAX-E System

A digital radiographic system, is a direct successor to 133 Ba gamma-ray
transmission system. The MAX-E consists of a 1 KW constant potent;al X~-ray
source which is continuously variable over 40-140 KV, a luggage conveyor
operated at 24 cm/sec, a linear array of 512 photodiodes coupled to
CdWD4 scintillators, a data acquisition system, a general purpose computer,
and an array processor. This currently is an assembly/test stage. It is
designed for two mm resolution over a-512 x 512 pixpel image, 256
statistically significant grey levels and a target dynamic range of 1000:1.
Explosive detection software is incomplete, and subject to FAA procurement. g
Pattern Recognition Software for MAX-E System

Eight proposals are under review by FAA.

Pattern recognition can apply to recognition of shapes (rectangles,
cylinders, etc.) or it may apply to the recognition of density distributions.
Pipe bombs and packaged high explosives may be recognized by shapes, whereas
military explosives may be recognized as compact areas of low atomic
number. Ability to determine average atomic number results from MAX-E
capability to obtain dual energy data. False alarms may be obtained from
organic solids such as cheese and liquids in plastic bottles. Explosives A
contained within glass or thin metallic containers could escape detectioms.

At the FAA seminar they felt the MAX-E approach should provide a

meaningful although far from comprehensive explosives detection capability.
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K X-Ray Fluorescence Spectrometry in Quantitative Analysis(lo)

§\ For low atomic numbers Z = 9 (F) to Z = 14 (Si) conditions used are:
" a Cr-X-ray tube is used with maximum current and voltage settings (50 KV,
40 ma). A large sample holder (3.18 cm diameter sample, pressed) is
A employed, and a TAP analyzing crystal with vacuum of <150 u. A flow counter
g* (p-10 gas) with anultrathin window (1 - u thick) (the TATB is pressed to
~-1.5 g/cm3).
For a TATB/KelF composition a minimum diameter particle for this PBX
is 1000 - 2000 u and penetration is about 1000 u whereas the fluorine

LA

-

X-ray travels only 2 to 3 u from where it was produced. Therefore the

7‘,‘:

gignal from fluorine is manifest at the surface. The signal will depend

upon surface conditions and also upon local inhomogeneities (local variationms

;; of HE to tiinder ratios, particle orientation and flow during pressing

%% operation.

i Accuracy is restricted to within 10 or 20% for this PBX. Signal/
i; noise ratio is poor and the lower limit of qualitative scan is ~4100 ppm
§§ (minimum for detection).

:é For sodium the fluorescence yield is low and the lower detection

limit is 80 ppm.
Mg lower detection limit is 250-300 ppm.
Al lower detection limit is 250-300 ppm.
Si lower detection limit is 250-300 ppm.
Si with change of crystal from TAP to EDdt - 50 ppm.

Y. Phosphorous and sulfur ~10~15 ppm.
‘j C1 270 ppnm.
o
jﬁ K 10 ppm.
- Derivation of the relationship between X-ray intensity and the concentration
g‘ of the element in the sample is given in the Appendix to Worley's article. _
*
gi METAL DETECTION TECHNIQUES
3& Morita(ll) reviews and documents technical effort and results for
%% identification and screening of promising remote sensing systems for

-
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detecting mines with emphasis on surface laid minefields with short
detection reaction time. The minefields considered were in the European
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Techniques and their highlights include:
° Aerial Photography - recommended for continued effort.
° Spot light Radar - may give quantitative data. (The 10.6u
active scanner was suggested for greater future emphasis.)
) Image intensifiers and TV devices -~ indicated as only having
limited potential.
e Explosive Detection - Methods were not useful here as it is
necessary to get close to the Ir-m to detect the explosive.
° Sight Systems - little or no potential.
MII and Pulse Doppler Radars - are capable of giving inferential
] Acoustic and Seismic Sensors - information - (recommendations on
these techniques are not covered
in this report).

5
THERMAL NEUTRON CAPTURE (WESTINGHOUSE)( )

The Thermal Neutron Capture system utilizes a 2520f source and 96
plastic scintillators, each 2-in. wide by 15-in. long to produce a mapping
(-4 in. resolution) of the nitrogen distribution within a suitcase using
the 14N(n,y)lsN reaction. The emitted gamma-ray has an energy of 10.8 MeV
and is higher in energy than most other neutrons emitted by common elements,
although gamma-rays produced by iron, chlorine, and chromium do produce a
significant background. This backgfound is presently being compensated for
by obtaining a better-defined spectrum with a NaI(Tl) detector. There is
also a count problem from the 2.2 MeV hydrogen capture gamma rays. Conse-
quently, increasing the source size would not improve the data acquisition
time, which is currently minutes, unless changes are made in the neutron
polyethylene moderator.

Nitrogen is contained in almost all explosives, as well as in wool,
leather, nylon, orlon, cheese, and lean meat. However, the nitrogen
concentration in explosives i1s considerably higher than the concentration in
these innocuous materials. To date, field data obtained with this system
has been quite limited, so background nitrogen concentrations and distribu-
tions in the checked luggage population are largely unknown. Preliminary
results with this system showed approximately a 95% detection rate and an

approximate 32 false alarm rate for one sample.
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The use of the thermal neutron capture approach for air cargo warrants
consideration, since cargo tends to contain large amounts of metal; and

thus, is not readily inspected via x-ray techniques.

NONDESTRUCTIVE EVALUATION (SANTA CRUZ MEETING AUG 1983)

The Santa Cruz NDE symposium did cover certain detection aspects of

tomography, including computer tomography NDE of solid rocket motors.(lz)

This pertained to the development of CT inspection capability of a range

from small to 2.5 meter diameter solid rocket motors and components. One
system, the AF/ACT-I, was operational early in 1983 and has been used to

scan rocket motors and other aerospace hardware components for flaws.
Scudder(l3) describes a system that can make images of objects up to two
inches in diameter and has a spatial resolution of 0.010 inch.(ls) It has
been used primarily for aircraft engine turbine blades and can also create
good x-ray images of most industrial materials. Good contrast images can

be made from materials ranging from light organics such as plastics to

heavy metals as steel and copper.

Acoustics was one of the major subjects of the Santa Cruz NDE meeting.(14)
Several people were contacted with respect to potential usefulness of such g
techniques. From what has been gleaned from the meeting and from dis-

cussions with a number of people no direct application to explosives

detection or differentiation from inert simulants in sealed systems has

yet been found for acoustics. Acoustic transmission and reflection spectra

from inert and explosives would have to be determined and compared before

viability could be either predicted or indicated as impossible. Discussion

with Bruce Maxfield and Dick Bossi of Sigma Research where acoustic

holography and ultrasonics studies are in progress for other purposes also

indicated no current explosive detection capability by these means.
INTERNATIONAL SYMPOSIUM ON ANALYSIS AND DETECTION OF EXPLOSIVES

The FBI sponsored an explosives detection meeting at Quantico, Virginia
in March (1983). Abstracts were sent by Terry Rudolph, however, the final
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papers are to be compiled soon. Significant information relating to
detection as concerns this project will be added during the time for
accomplishment of Phase I. Attachment of these abstracts as Appendix I
will indicate where much of the detection effort aimed at thwarting terror- ;
ists is going on.
When the papers arrive they will provide more information for comparing
the potential utility of nonvapor vs vapor detectors for sealed explosives.

COMPARISON OF CANDIDATE NONVAPOR-EXPLOSIVES~-DETECTION TECHNIQUES

Table I is an updated comparison for nonvapor detection technigques.
The table was modified from an Aerospace Corporation table used previously
in Ref. (1) by permission from Bob Moler.

CONCLUSIONS AND RECOMMENDATIONS

Within the nonvapor detector group, there appears to be most promise,
at least in the near term, for those detectors based upon nuclear gauging
techniques and on nuclear magnetic resonance together with its associated
proton and electron magnetic resomnance.

Some of the other possibly viable techniques will require considerably
more basic research and for several the advances needed cannot be predicted.
The need for excellent overall detectors becomes greater with the advent of
many new types of explosives and with new situations. In addition to making
our ranges and range clean up; safer, the terrorist threat to our troops
can also be lessened if we can detect, track, and halt illegal and/or
enemy movement of explosives which perils our peacekeeping troops and
friendly nations.

It is recommended that in addition to reviewing the vapor detectors
(Phase I to be funded) that a detailed comparison of most promising
nonvapor detecting methods, based upon nuclear gauging methods and nuclear
magnetic resonance be made for the ten (or more) ordnance items considered
jointly by SwRI and NAVSEA to be the greatest problem.

It is recommended that methods of safely making holes in ordnance

cases without endangering the explosive toward ignition be initiated.
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é: This would allow greater ease of detection also by the vapor detectors

§ as well as by NMR and possibly by nuclear gauging. In addition microscopic

3

' identification and use of chemical detection kits could be made practical

" for previously sealed weapons.

; An analysis of all situations wherein terrorists or potential enemies f

) y

¥ can intrude with explosives into peacekeeping missions needs to be made to .
determine what methodology and instrumentation must be developed to solve

.4 this urgent problenm. g
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of 18 ditlerent
The hit uwese seludilicy

rem with custen packaging
ad essling the lead sslveat tubse. A

vestary-epereted UV 1ight vimalises the TIC platas, slininstiag
the asad for -d coler-loming

Moor linited trataing, &2 U.5. Narine Corpe EOB tacimisimms
tested the kiz. Their perfecmenes was good, amd thaisr
2008tiam o the kit wes very favershls.

Richard A. Strutel ficherd €. Tostarski
Suresn of A.T.F. sam address
1401 Reseerch Biwd. | J

3 Bncarsid,
Tosmneic Sciense Brench, Bawes of
ond 1M Nwd. .

Rdvard C. Bemder

BT

T3l lsboracory
10ch/Pasm., N.V. 10
Veshingtsa, D.C. 30333
02} 324-4334
A Schams for the Anlynn of Rzploeives
and Explosive Residues
3L Leb y has daveloped a aow ach for
lysis of loed L This s based

the oxp

on & veter and/ev e selveat wash of ldtu d.bm
Insemech ae soveral loeives such a9 dywamites and
water gel/slurrise coataia both c and inor e
n‘du. 1t is often necsssary to lLtdcatuy the

::-n. u;:bnm.rz::,at

u.-m.-m ¢) for the amalyste of the vater wesh.
Sush hard to idem u-n-t species as momcmechylamine
nicrats cmm u-uy be idantified with the IC wschods
The c selvent wash highlights the use of
and OC/'S wachods. WPLC wachods utiliza both normal
-d m m and variable WV

vavalength and mdom.

4, Shmed Gay Yool Mirve, Richard ¥. Vatesn
¥. 5. Serean of Wises n.s.l-n--lll--

?. 0. Ben 10078 1 v. 0. 070

Piesobursh, PA 15226 ngm ra 1323

-ma-—m"mm«mnmr.
-Ihn and 1éensify the .lu

s nnully

| weve fived
8 0 ophere 18 ate. The solid reeidues wmre collectod and studind.
large of wore found. s gemersl, the
cthan the emigels sad vater

ssls. Many of the residucs wre fownd to hs thermally resctive, sot
wmiika the original expleeives, vhes they were ovaluated by thermsl
asalyeis tests. The restduss frem the wter .l -uutm ware tha
lun r-:u.- :u-uy. ml-. f the

vas 4 by vex of & fow of n. restduss.

Soeiduss vare alse collected fram tve somiconfised charges esd
e confined chargs fired ta commen teste. As expeciod, [he amsumts
of thess residuss vere much waaller.

A good & lation was found the aumuat of un~
ressted residus and the square of the ratie of wacom! and com-
fined detonssion velecities, (D wacenfined/D confined}’, 1a agresment
vwith the hydredyasmie theory of dotenation.

Richard €. Mayers, .S, John A. Meyers, B.5.
Sursss of Alcohol, Tabacce and Firearms Orug Enforcement Administration
1601 Masesrch Souievare forth Cantral Fiels Lavorstory

Rockviile, Maryland 20080 12 500 U.S. Customshouse
303-443-5238 Chicago, [11imots 60607
12-353-9709

Instrumantal mlq- Otilined in the Identification of Smokeless
{PR) and Gan

uu-nl.u-.u.s..u.na.m

mmm.muw Tohaooo and
u_.uu-mu-—:mmmmw rleld
Laborwtory, cespactively.

M sppronds © the £ of & al
aiors has bean nu-annotumx.
and arn Yy and the g
(DA} Worth Qentral mld!&num
he procedue util. mummum
(ut.uum
The vee of PR H minet i similar of the

-hru.l. mamfacturers, namely, Dupont, Herculss, or W
Using P& alone, eams um-m can be sade within o

W: M. Swartz, end K-H. Iie J3.K. Oriscol)
o:- te o;'u-lu: Amalysis and ':'o"of'?""ioﬂ‘
rtment Chemistry sipee
Northeastern University 18 Newton, Masszchusetts 02164
40 tuntingtan Avenus
Boston, Mess. O2118 617-437-2062

THE USE OF MULTIPLE DETECTION IN THE GAS CHROMATOGRAPHIC ARALYSIS OF
———_ORNIC N[TNO cOMUNDS MO EXPLOSIVES (GC-ECD/PID)

The trace organic amalysis for nitro devivatives and explosives
has traditionally been haspered by & lack of suitably selecttve and
sensftive detactors. Except for the mess spectrosster, most other GC
detectors are not suitably seiective for nitro compounds to provide for
uneabiguous identification of tracs smownts. In recent years, various
workers have applfed a combination of detectors, ia series or parailel,
for improved m_ 1dentification. We h:;z’t,mlind & parallel

arrengesent o zatton
detection ('ID). together with certain Permebond GC
for the feproved

packing matertals,

resolution and specific identification (speciation) of
murous orgenfc nitro compounds and explosives. The combination of GC-
€CO/PID for nitro derivatives provides relative response factors (ARFs)
vs a common internal stamderd, as well as ratios of £CD/PID RRFs that
are often unique fer individual nitre nds. We have aoplisd these
analytical mathods b u vlu vartety of aun derivatives, including:
asno-nitre nitro aliphatics,
nuro"lm. Piis, w vn«m oulmhn m Separations of
#ixtures of the aromatic nttro compownds, PAHS, nitro-PANs, or explosives
ware obtatned using mm glass columms of Permebond Methyl Siltcone,
Permadond PEG 20M, PAN packings. The combination ol £C0
and P10 provides for vntly different RRFs {n comparing the PAHs »
nltn-”m. 30 that the norwslfzed RRFs for the ratio of ECO/PID responns
becoms vastly different om an sbsolute scale. Thus, in certain cases,
PAiS and thetir nfitro-PAN derivatives com exhidit 3.7 orders of magnitude
differences in their RRFs for ECO/PID rattos.

The use of combined ECD/PID retios and RAFs in GC analyses for
orgenic nitro compounds and explosives provides & unique method of
utilfzing resdily available snd tnexpentive detectors for isproved
smalyte identification and specistion at 1ittle added overall cost.

These methods are directly applicable to envirommental samples having
trece ampunts of nitro derivatives and/or explosives. GC-multiple
detaction is therefore & very visble and useful method for the trace
snalysis and speciation of these classes/ of Compounds .

(This work was supported, 1n part, by an NIN Btomedical Research
Support Crant, No. ARGT14Y, to Northeastern Univarsity, DHMS.)

Zalda Panton, PA.D.

Varias Instrvamt Crowp Section I - 1ol lyet
1700 Mitehall Drive 14 17 axploatve restiue
Valaue Creak, CA 94398 atalysss

(413)939-2400 210

Deterwinet foa of Nitro Kapl by Ca 8
Wilising aa Ou-Oslumn mnlory ll].tlol

Neroglycerin and ether attrated esters are impetrent compeuads
bocauee of their wse ae explosives and oo druge in the treatmeat of
candtae diserders.

The coupounds have been deterained by gas chromstography using
conventional peckad colwans but the asalysis cas be quite difficult.
Temperatures sust be carefully comtreliod snd the colvam aust b pre-
pared end cond it 10ned very carsfully e that active sites on which the
sftrated esters con denoupose ore oliminstad.

Capiliary toluans aade of fused oilics (purs symthetic 310, wieh-
out metal coatsslnants) have besm fowad to be of value when .ulynn.
renet ive comprunds. Vhen combised with a capillary on-celuam injector,
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to & stralght line was 0.9%7. Use of the mee-
wme evitisal - aitreglycorin could net bo
e vesd.

the 4 L will b
ssatrestal with the eslder capillary iajestine teshniques
(opiit and opiitings). Freblams that ons night @eowates vill be ssn-
stawsd and vemites with sther "th a8 -d

tigftel totrenitrete will e gives.

d lysis (DTA) hae o be & valuable
tenl far the idemti Mumwnmm.ocwe
-.c-l--:u- wall a8 for the investigatisn of the chami-
-l

assple end thermal 1ak).

The resulting disgram, upon
to $00, 800, 1200° or aigners, uu_l

e par fer o 1 yields & tharmal
wu-h—lunuunwmmlumq
alse yields informstion regarding the

-‘lnﬂuwd-—-uuunl-m

™ af & py o 4s & cambi-
i of We of the » to the
of the 1. AR that peint, & StTORng em—
posk is ] ™ the ofa
salf-peIpegating Seastien.
Syphoal of -l waterials vill
e gruasnted, end sum of the w1 >

Shasel 4itris Shauel Kraua & Baruch Glstteteia

Analyt Labe Crisamal Lieatifiestion v,
Tavesl Pelise Mat'l s 1@  Isresl loliss Jar'l Ks
Jevesslen dervasicn

lasntifisstica of Twe Rare Lxpicetives

Tes 1 asd rere espi vore 160011104 10 two sope~
7. The tw lost are idop=

(34 3 and tr po .
e u..tflauc- - esd m- ct 1 ohar~

bydvodprieriied t-n (508) ons u-uu Jonssetion (SN somii-

S30n8, (1) op y amt RgRetis ressasase
{mm) The el were fires identified-vaen mo
Easen westea of thae wvare availadle i cur laseretcry lisrsey.
Thoiy Mentity wme laser soafirsed Iy ceapariscs vith jata froa
litepatuse) the osaparisans Lmnluded ®oitiag pointe and 1B epoe~
tra.

. o WBiSh ave vore lese

-n their CUrTeat vee s
03134497 asplesives hao 28t booa reperted. although the explosive
Pragertios of e SUD CEPpUENS osTTetpend o 13008 of prisary
esplesives, osn of then, 7iseetesstriperoside, was suployed by
SesTerisots 48 & Wi shargs.

Spoeial signifionnne sheuld bu given 3 lev onforcemsut sgen~
eine So I. saplie: lli of preparation of 1he twe esplecives, 88
vell o0 to the veady awailebility of the etartiang materials aseded
fer 1004p apatdeets. In 1o case of tricsstiemsiriperexide, ide
progas g & °of am app or=

13

Sarge Gl Shay Yeapmm mm
9.8. oy
Sover, 0.4, m

A ettodsiogies aployed B the Wdmeiftastion, sresteral dotor-

-t qums of the o a anplostve ais-
e will o fhed. The osnl meled L tests, al y
por (ney, » »
m, wriatibe (W-¥13 ), mvtless asg~
sty sessumes (MY, ge hyfen teae), peeidive mnd
- _ »e (VIUDm), ad Mgh ressletisn

clantsus ANPOIS weed spmtruuntey (ETSS).

AN BT AV AT M S AT '\."\.'-. -

Tus stsustusal deSesndnetions wve hesed peimssily o0 the SIS data sleng

wish stsbilisy the miesular weight and the strusteral
dats dartved foon PIEDNE, BB, oad T The gost of the

e ande by wusbenining Sbs coupswnd and aenpsring ite shevasteristiss wizh these
of ¢ = e oy ' BSoth BR sad BRI

we ssad 1o the ssagesitien snalyets.

Dennts J. Reutter Terry L. Rudolph

Porensic Science Researsh Edward C. Bender
and Training Unit 10th & Pennsylvanis Ave.
FBI Laboratory, PONTC 16¢ Vashington, D.C. 20835

Quantico, Virgiania

Analysis of an Uuum mlonn- Methods Used and
Conolusions Drawn from

Samples of uplouvo saterial are often submitted to the
Laboratory for tdemtiftcation. In msost cases, the
sample is qu .m identified by Gas Chromatography/Msss
Spectrometry yois and, 1f & sufficlent quantity of
pure substence 1s svaslable, by Infrared Spectrcscopy-
The resulting spectra are compared with library spectra
or spectra obtained from knowm samples in the laborastory.
W¥hen no matching spectra oan be found among these
resources, the examiner must deduce the molecular
structure of the aaterial by using fundementsl chemicsl
kmh‘u and by qlnm whatever sppropriste spectro-
Y. The choice of those
uemmm will amnﬂ both on the quantity of materisl
availadle and on the complexity of the structure.

Two recent cases will be a1 with emphasis on the
methodologied used by the examiners.

™ [} fon D.M4., Pine, B.U.Goff, W.C. Yu
lulyuul xutr-nu and D. P. Rounbehler

2,0, Box & °

Valthems WA 02284 1

{($17) #90-0700

ODESCRIPTION OF A NITRO/WITROSO SPECIPIC DETECTOR FoR THE
TRACE AMALYSES OF EXPLOSIVES

A nitro/nitrose specific detector Cor both capillacy
colusm gas chromatography (GC-TEA) and high-pecformancs
liquid chromsteyraphy (KPLC-TEA) is described.

l“lluvlty is typically cthan 10 piooy tor
such coupounds as Mtlﬁ, Iarln‘. 2,4-007, T™F, and N

At 0.1 ng level the tietent of nthnm are * c.n. .
3.50, & 3.68, ¢ 3.40 for WG, 2,4-00F, THT, and aoxy

nqnc! vely.

Confirmation &8s to the ideatity of the cowpound under
suspicion is sohjeved by the uas of parsilel GC-TEA and
HPLC-TRA analysis.

3 iom 2.U. Gott, ¥.C. Yy, O.H. Pine
Mnlytlu: Instruments
59

r.0,
Waltham, MA 02354 20
(617) #90-0700

APPLICATIONS OF THE RITRO/WITROGO SPECIFIC DETECTOR 10
EXPLOSIVE RESIDUE ANALYSIS

The specificity of the TSA™ Anslyler intecfaced to & gas
chroastograph (GC-TRA) and/ocr 8 liquid chromsatograph
{BPLC~-TEBA) renderet the techmique a useful tool for the
analyses of esplosive residues in @ wide variety of forensic
and environmencal appliications. Specific spplications to the
anslyses of ssplosive residues will be described, including
post explosion dadris and vashings from pecsons who have
handlod explosives. CLxamples of enviconmental dacta will also
be tacluvded.

J. Sharm

Naval Serfoce Meapons Center
ity Osk

Stiver Spring, Mryland 20910
(202) 394-3400

X-RAY PHOTOELECTRON SPECTRUSCOPIC (XPS) DETECTION ANO [DENTIFICATION
OF €1MOSIVE ALSIOUES

l-u{ Moteslectron Spectrescepy (XPS) is & sensitive and powerful
malytics) technique with which residuet 1n the AMNOErsm FORQE Over N
ares of 3 1quire contimter con Do Gotected and identified. The 1s
spectrum of nitrogen 18 particulorly vieful becovse the chemical shift
of the 11ne by the entdation state helus distinguish betwmen the aitrete
ester, ATLP, NItFrose ond eming groups. Their relative retfos in the
Gedris con be dutermined. Alse, the endes of wiscular fragaentetion
of ditferent enplostves ;m!u " PINE 1p0Ctre. Cosbined with thin

layer cnm{ 8 we 8 be 4 Mghly successful techmious
for foremtc snd me fnuu favestigetions. Cxemples of specific aspli.
1
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- . " of Vater Seludl
[} W Ligt
apee otaple ¥ weter lwbd
froes omple - e taad by their crystal
shupte oise, and inserfesiel engles se they recryscallise from
o dmp of on & vicsoeneps Slide. Owee the srystals ave
[ 4 s) een be
othes eptseal oth s
;‘.d adies W 1 tests.

chaseaseristis cryatsis and 100
e’ - will be p d. The esplicstisn
R & tams ived o the ¢ 1 1
b dousmenrensd. -
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Suplosive Susides Malysis

Metard C. Sueshele
Perensis Seisnse Messersh (Jame)

Idemtificasion of Vater-Solwdle Kapiosives and Their
Post~Blaet Mecifuce by os Chrematography

'ves whish centaia primarily water saiuble ingre-
deats are m&wn« By the forsnsie eeten-
Deternining 14emtity of the sany s}
vos sow being used ia a growisg number of bombing
1is ens --uu-eu-mu (IC) nas been
wheful. are aymerous commercial dymamites
M approutaately & dosea major
are . somprised primarily of u.uo,.
ond HaiOy, vwith varing amounts of water sad Mot
-l a. [ 133 svu !r the m lu bun
fyen thete predusts are inssrporated
inte &n Ligrevieed sxplesive lovl« ( ). their
1000811048100 ean bo 2 foruddadle ¢

[t!%E!:gs g
Faéfi’

¥1th the velustary sesperation of leel ¢
the FBI Laberatory 13 buildiag s eolleetion of commereial’
produsts moet 1ikely te be Ueed in IED's. In order to

analyse these explosives, the L has P
nie and hevel mm.m cample nd;nluon and

s & 4 IC pr for same loas whish wers not
mmuu.
The eatPemely high )| Ic

mhes the teshnique mr—ly umu for the -nunu
of peat~blast Tesidues. Pollowing extraction of the
dobris vith water of &8 water-esthaacl sclution, the
extrast 1 siaply filtered and rua on the ¢ under
econditione ea]l o thove used for the anelyeis of
the undetensted explosive. Ve have shown that this fors
of enal7uis offers saversl Advantaget over other tesh=
niques vhen the Senie residwes are volatile or electro-
chemically astive.

2o 3. Bagsetsd A, N. Boffman
On Pene Du Pont Cospaay
?. 0. Drowwr 983 24 R, P. Yewger
mesisaburg, Wy 33401 Du Pont Cospany

(304) - 274=-2121, Bxt. 478

USS OF 10N CRIDSATOGRAPNY IN THE ANALYSIS OP
« B. J. Bazsonti, R. R, Wotfman,
msthed iavolves the use of 108 WNO3
eresslialied newsk of the vatsr eel.
waion $s filtared ¢ remove the in-

v Lome .u.. Ate, lysed
.hn- tilerace is diluted w0 h-
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Tarry L. tulsish

PiL Leberacery
m! 5. 2093
(202) J24-4)34
The Charssterisation of Seme u- npl.nn
Reetduse by lom Qhweuatography (
A large po ot sed explosive devices

is asgeors recsived by the ML
m 1avelved wse of low explosives sueh as
Slesh sowine, petassium alnoulupr aixcures and the
coumsreial bissk pevder substitute The
sstbustisn residuse of mset of M enslosives sre
taorganie ta saturs end water soluble. BSessuse of this
water solubility they cam bo amalyned beth qualiitacively
and quantitsgivel . The chorseterisation of seversl
.‘n vee by 1C Lo reseveed. This snalvets
nwi: a staple and rapid Ldenmtificetion for thees

-‘,. PR

CooTge Patersen, BATF, Sldg. 2
Noval Station, Treasurs Isiand, 20 Treasure Islend, CA. umso o

lafoy Stewmry, BATF, 140) feses
Bw., Rciviile, 1D, 20808

(413) $84-7040

Idemtification of mlm Coataining Alky|asoniun
Mitratss by Oaromatography

(v} and sonc
§ h dufoat and Ibuulu

dntlﬂ:d
nl:uaym ﬁnﬁhp b/uuuxhq‘ K
by n this r.
M‘“z' ds also ihrd the ¢ of other mlm
ingredd od found in dsbris from
bombings .
De. J. Yinen

The Weitmans Jastitute of Science
Dspartasat of Isotepe Pesearch

Mehovet 76108 Isreel 27
03482522
ANALYSIS OF EXPLORIVES 8y LINUID CHRGMATOCRAPHY/MASS SIECTROMEIRY
Jehuda Yinom
The Welzsasn Instituts of Science
fshovot, [sreel

In sany applicacions of foreasic anslysis, an snalytical method 13
tequired vhich cosbines good separstion charscteristics with highly
specific and sensitive detectien. The Liquid Chroamtography/Mass
Spectroustry (LC/ME) systes has such specifications and Bas an advan-
tage over (/M8 §n that it is switable for thermally sensitive and
involatile compeunds.

Yo have interfaced an HPLC with a megnetic s€Ctor wsss spectroaeter.
The mesa spectromater i3 & homs built 90° d-inch radius ssgaetic sec-
tor instrumsnt with & high-spoed differestial puming system. The
HLPC comststs of an E1dez High Pressure Pump, an Eldes Solvent Pro-
grommey, a Meodyns Medel 7125 Sample lajector sad a waters 44i Uy
Detector. The colum used wes & IP-3 reversed-phase coluam. ‘ohile
phates were methesol :vater end scetamitri le:water at varicus reiztive
concentrations,

The LC/MB interfete is a commrcial Hewlett-Packard Direct Liywid
Insertion Probe LC/MS Interface which is a vartable split-type inter-
face.

A sories of standard explosive aistures 1acliuding INT. RDX, iz and
NG, ss weil as conmercial explesives have bewn snalyzed by this LC/S
systes. LC/MB spectrs of these explosives vill be shows in order 0
demenstrate the usefulness of this techaique in forensic enalysis.

A 9 Cumning, & P Park, N R Cleach(in part)
Precurenset Kzesutive = H.0.0.,
D02 Sransh, SARRE, 28 a8 before

Beyal Arsessl Lastlomies. SR1O oTR

M%mm_&
Tu the f 4 ie of openik frem scanes of sxpicsicas ic is
novual te find soms tTAEOS of the vadeconposed explosive. MHowever, it
hos proved impessidie ts l-nct sad {dentily 2,4,0-Trinitrotoluane(TT)
in residuse by the wtwnl watheds of svabbiag followed by Ges
graphy of the

As an oxygew deficient explesive TNT depeuits carboa is the form of
porticles on surfages in the viciaity of the aite of the saplosien, amd
it wme eeu“-d m! this carbon could provide 4 means of identifying
the sime from the detosstica couid
weil be trapped withis lt. Semples of carbos wers sssmined by Mase
'y weing & ¥ probe. The detailed sethod of cample

” ion will be i with as acoust of the proplems
sasouateted. By [lash Masting the cechos sample in the pyrolysis
chamber, vhich wes directly commstted to the Mase Spectrometer source.
it vea pessible to susnine the materisle teledsed. Oue imrtial scudies

that od THT wae and could be idemtified,

These proiiniessy u‘lu Md 4 succees rate ot 02 o-l luua.r
work hoo lmpt y. This has {
wedifications to the "oh dosipn to parmit its use im the Chmmical
Tenisation and Negative lon andes. The medifications asd their effects
will be deseribed snd the isplicatieas for che wes of the teahmique
v:n othee cathon dopstiting empioeives such oo ADX amd PETH vill be
diseusend.

Sarold Resaler. CAief Craminalise
megropoliten St. Lovie Pelice Deps.
1300 Clark Avenvs

8¢, lowis, Nisseuri ¢)i03 20

(324) 4¢e-$307
ON~LINE CORPUTER SRANCN SYSTEM APPLIED FC EXPLISIVES

Narold meseles. litan Police L ¥, City of $t.
owis, 3¢, lovis, me. ”lal. Telophone (116) 444-33)7

The analyals of e*ploeive residwes by wisctcon impact ges
poc y #nd on line computer sesrching
of ll‘l be pr d. & based CC/AS
system and releted n(!“" n. waod It Approach the propiem,
fes] timp computer seefching of C.C. pashs utilised & pre-seiscred
Jidrary at eapl . of soaple 1vlle tivn emi
pr will »
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: . . Marte 7. 0. Munsen anel
~ yois of Laplesives ond Enpiesive Resldues with
- Laderatery 82 Ressereh Unit Jom Nebiilty Spectronecry (INS)
10 & lvenia s 7T Asadeny
Vaehiagten, D.C. 20533 [ Quastice, Virginis 22138 38
() 320-3300 D. Lesswell, 111 by G 8. Spangler. J. P, Cacrice, 5. N, Kis
(same as Mares) Bendts EP1S, 1400 Teyioe hve.. Seitimere, W 11106
S6eatification of Smekeless Powders and Their Residues by
¢ 1ary Celumm Gas Chromal
Until resemtly, rmt: ::.u-lm: of smckeless
site, shage, selor) and nu\m.-:nm mum(:‘:“su. Techniques for the snelysis of emiostves with lon
00peetally in the sase of burned residues. Por the last Mobilicy Bpectrematry vill e described. These iaciude
SOvarel Juard, Souparisca and identification of both veper sempling, seivens entraction. sdsocpcion/desurpcion,
werned and upburned smokeless r residues have been oad somple hesting. len Mebiliicy Spectromster imsceru-
done in the Federsl Buresu of Investigation Laboratory by Suatazion required to supperc chese cochaiques will be
s sombinatien Of physical coaparison and chemicsl anslyeis dscussed.
waing high performance liquid ehromatography. Ezamining
voth the ehemisel and 9iea) propertisn of the smokeleas
pouders allove & Bare definitive cosparison or identifi-
catien., This presentation will descride a new teohnique
for and ideatifying smokeless powders dased
wes the ais of the trase organic constituents by LJ. Priss, S.5¢., MD. Juacg Keevo
*apidlary column OC/N8. Contrs of Pereastc Scilences Centre of Furessic Scliences
- "l"n' ;.“m "::zu:::rlh:m:n of .;:tucuu 23 Croevesee St. 34 18 Grosvemor $t.
o chiorofora
separesing and 1¢eatifytiog the soluble comatituents with Teteats, Oncarte W74 208 Toroato, Outaris 74 2G4
s fused silies capillary GC/NS ay q! with o
s oold co~eelumn inJ . A this procedure oan (416) 943-2341
A resslve smekeless powder sxtracts into ss sany #s )0 major
" and nines senponsnts, only the major components are used The i fev crate end r
by for the chonital comparisons. On our GC/RS data systes, 1n commsrcial blasting sgemcs ond post dlest samples.
we MAVe setablished 3 ssokeless powder “lidrary*
‘ay (vopresenting abeut 100 powders) with each entry deing s The commertcel blasting sgents, POVERMEX (C.[.L.} emd TOVEX (OwPost)
J.f- csmposite spestrun gemersted by merging the speatra of the hove bosn encousteted is & sumbec of seised, dierupced or hoax
% safer poaks found 1a the powder extract.. Identification explentive dovicas and hove besn suspectad ia » nusber of bombiag
: of s smekeless pender §s offected Dy computer searching the iseidonte. Work heo best deme to develop s procedure to detect the
‘ . eumposite spo of the ] er sgainst the A (E0W) [rom Povermez snd
~ 1ibeary. Comfirmstion of the computer identification is asneanthylanine aitrace (WAN) from Toves weling high performance
ande 39 weapering the relative smounts of the verious 13quid chremstography. -
ooupenents as found by the GC/RE analyels, and by compari-
oA of the physical properties of the known and questioned of of dabete from test blsets Bas besn
. sasisless powders. sveceseful after using e P
e d
ot
-,
ey
338 €. A Seller (Code 3831) 3. U. Johnsen, §. D. Erickses, Rendall H. Ridde}! Terry Mills, 11
I nsaareh Separtmmne $. B Satth, end L. A. Nethowe Georgia State Crine Laberstery Georgta State Crise Laboratary
. fSavel Yaspene Cencer 1 (Code J831), Research Deport- 959 East Confodorate Avenus, M. €. 3 § 959 East Cosfederate Avenwe. N.E.
Gaian Labe, CA 93339 ;‘, Noval Veapsns Ceater, Atlents, Georgis 20316 Atlanta, Georgia 30316
as Loka, CA 93335
. @993-1192/2088 * 404-456-4083 404-656-6053
L
. TINGERSEINTS OF JETUNAYION PRORNCTS TROM NAVY IXPLOSIVES High gressure liquid cheomatography (HPLC) 15 gradually
J. 6. Jekmssa, L. B, Prichses, C. A. Naller, supplanting Chin layer chramstegraphy (TLC) a5 & tool in the
t $S. B fSatsh, smd L. A W fdentif! fon of exp r Oebris from explosion scenes
Suvel Veapeus 13 often extrected vsing dulk solvents or by hesdspace concentration
Qixg Lohe, CA 92933 and snalyzed by WALC. [dantifications sre made by comparison of
ratontion téue data with known standards. [t would be desiredle.
A however, to dovelep & mere specific method for ideatification of
f ot > o 18 air od uitrogen ars being these eluants using Fourier Traasforn infrared Spectroscopy (FTIR).
otuitad o8 the Byvel Veapsug Conter mainly te lesrw vhat tonic compsuade
are fornnd 18 walSTURter dotenstions. Ye have esew & large variety of - The tramendous separstory powsr of WRLC allows the analyst to
malesules @i partioniosss tormad 1o the These prep® each compenent of the explosive residue in suitadle purity
d1fter bacuesn TUT and PIK eplosives and it Semms very peseible thet and quentities (o gemarsty useful infrered spectra. Normal phase
o, hop con be woad 0o fingerpesias the emplestive veed. HALC with 3 mfcron silica colums 13 particularly useful because
~tid elyants ars then compesed Of Organic solvemts which are readily
A in sir and have been carried eut aveporated 1o yield & film on KBr plates or a pressed Kir pellet
! 18 & stenl-ilced TOMR vhese wo a¢e oble te collect the prodect gases, of the sample.
. vepory, sad p d e !
» ) mesh uore watorentéiond prodsets s showld simlece uadervater coeadi- Since FTIR has proves to be comsidersdly more sansitive thas
taous enf produses. There 1o s sufficieont anount of the produste that dispersive IR, the FTIR systams can be v3ed 43 a reai-time
ko] 1t viuld bo enllestabla I8 the vater frem the vicinity of aa uaderveter chrematographic detector. Using ultra-micro WPLC flowcells
Mt dovsnntion for ¢ Foassusble (1m0 ofter the euplovine. This water cowld {0.2 wi volume) as detector calls, the FTIR becames an on-the-fly
i he® be amnipsed by ey GC/NJ. The OC pesks wweld give & fiagerpriac detector. S5pecia) software such is the Nicolet chamigram programs
which osnld be omperad 00 Chent found {n our studics. and 1quid nitrogen ceoled Mercery Cadetum Telluride detectors serve
to provide & very selective detector sensitive only to changes in
¥y . Sue presentation will shew the fimgatprists givem by T and seme MWsorptions 1h & narrew tafrared wevelength region. Altsrrattvely,
N o [ vhee 18 air, collected, sad saalysed the full spectre can bs taken of the eluent on-the-fly. Subtraction
p wltng & gue I . routines them can be used On this data to remove the contribution
A the elusat solvents to the eluate spectrum. The resultest spectrum
then Can be confirmed by camparison with reference Spec.re vis &
e computer 1ibrary saarch of various standird explosive infrared
! g spectra.
1
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Y The idessifisstion og. tzans Loveis of mmplesive {s o problen facad by
3 iple the Mees 1is & very
" tool lov wse is thess yees, sinse [ 1 3 T™he Analysis of Smokeless Powdera
e ow ".0. o ’-l:. from the mase spestrum. Hovever, vhen Using Righ Ltiquid Graphy
- -p. L] Magse
::lr. o -.i—: dus ¢o the dve fo .:‘_"- e
K] tooravenstis aitrete eeters emd sitrescupounds sueh os nitre~ analysis of emokeless powders or Llant.
:.1 .l'du-u-n- e -l-.n.:-luu e 431 .y s Cheessas have beea of lomg in g )
(Y L onty eapillavy Gas Chrenstogr: ve ol tarest to the forensic axaminer.
N ampled 89 the Maes Spantremager. Semn of the prediens will be - *
] dasarided ond the dotention 1imits peseidle with Siagle len Meaiteriag Ssokeless pswders contain not only explosives such as
o of the avet ioe { ily ie the lew uran range) vill be
: alonnsend. nitroglycerine and nitrocellulose but also stabilizers
v chat foeun of i ton are 1Y » a8 the sppiieatien of gulatinisars and their various decomposition produc
3 e spetive isn avde will Yo daserid This toabaique io pared 1y pe e
- sopropeiote s the .‘..‘ ot 1 since ol s is the which are thermally isbile. Migh Performance Liquid
b :‘ ‘&- of b :&m”m"' "”., 4 Chromstegraphy allews their t
perty [ Y * Gos acourate charscterisati
", omigeds. Ma¢ suly deae the angstive ien wde {mper ¢ on
B, "< Sosmmtion Liakre, but sise i o dogtes of diserininaciva aot and quentitation. By using tandem UV/TEA detectors
» !p is Neee y. The implisstions of these
e —— in Nese y for the seelysés of 100l these caspuunds can be snslysed in the low nancgras
g senes will Yo dieovesed.
Y ¥ Tange which 14 & requiremsnt for sume forensic appli-
s "1 yianihe, 2-nitrodiphenylamine,i-
<4
Wil nt Mmine, nitroglycecine, 2,8-dinitfos
- 3 and 2,4=din} i have been seperated
ﬂ‘& identified and their relative quentites used to
b % characterise the gua powder.
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SETECTION &F ERMESIVE RESIOUES OV NICROMORL WALC

Nigrebore NRLE 13 h et cun. ¢ Jous sansitive techaique then

convantiens) beve dup to Vimitations of m.mn stae n-c dotactor o

o)1 volume asedes to maiotain reselution using these narrew bove

wlums. fowgver, 18 casss wheve the sbseivte smewnt of sample is

Tinited, sicredore WAL con provide wp to 20 times ter sass L has bomn unnd for some time, with & variety of detectors,

smattivity fven 3 P10 Detauss the Jower tiew rates reseit tn for cw ldentifiostion of Untor ly, the

Toag dttutten of & simple size. Cagmples 'llmmm this peint, systans used vith WLC hove leched the m--q apeciticity for
; - Y b o w‘ comettm bis ruu- Tn enalyses :mo 1

hd o 1 actus

.'.:-.. Saples resuiting fres the tatsl eatrection of eaplesion wreckage cases the emmminer is aften with vwmu
; “1‘ e eutremly conplen and #11thy. Column 1ifetioe snelyzing such provide Ma with muitiple pesks heving retention times clomo to
2a0ples €a0 B 25 ShOFT 24 000 rwh. The cost per aaalysis s them those of wown euplesives. Meing ble to distimuish contasinants
. @ite bigh, Ricrehare columns cantatn logs than 35 of serbent ond 1f from ves uslng only these timea is {nadeq tor

:uluu-unnn:‘ llplnlouu.mvnm lruﬂrﬂn M.!t:-.

4 » ﬂh' e » .. the % of .

] colume wiil bo presented. 1t & semaitive ant specific detactor systas oould be spplied
" = ees aould b alinineead: FIn is.aeth

< o . is s
Figore | dovecwor. wmmumm-.m“
Caplentves by Nicrebure aploved in this woak, and it's applicability to actual ceses
- is evaluaced.
e echresors o
L) N
5\ 10 =
»
&Y Solvent: 58/50 NoCh/N,0
N Nan Rate: 80 ,1/mte
‘!:\0 M'-'.'-l .: ."... :: - i Dr. Hams-Dieter Schiele Dr. Gottfried Vordermaler
i (1) 1 Bundeskriminslant Bundeskrisinalamt
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'Y
r b froton NNR Charscteriszatios of Explosives
' Qualitative sad grantitative detersination of signi-

g heras Bleet Coepor oCe T 0. e ficant by-products and trace ilmpurities is useful &
~2 ysiesd l:l.tt‘u“m ¥:Ce Yo 8.0, Goft. D.4. Fise additional forsasic informstion to differentiate ¢
Wi 2.0, ten 439 batusen materially equal explosive cospounds origina-
W Waltham, MA 02134 30 ting from éifferent sewrces. Por this Purpose chroma-

4 (617) 090-6700 to.n.:lc techaiques (especially NPLSL) and nuclear
- aagaetic reseasace sre uwsed,
An exasple of the applicatiean of WNR-spectrometry for
" or u - sues, ux - mlupu nl -mlo Mm:.n::::‘:l u:ulue
OETEANINATION TRATE GSTERD, NITRAN TROASOMATICS , AND oxp . on of low
: THE NETASOLITES 1IN BIOLOGICAL n’am [ ] ug‘:m amm.”ﬁ wiry levels of & l.octﬂe mny {etrinitrosnsscie) in
L A EITEO/NITRONO SPECIPIC DETECTOR n“u::m‘ samples al ;:- comparative ml:::-
{-% thr-.ro. the “-mlyuen “o-nnc-no:u of thas
3 & censoquenss of un ith cardievasodiletors, the 1stie Ampurity furaishes indice-
, :1 ....uu, ooy . the el oceupational tions cencerning the ssaufacturing process.
Jo m with In- oxposuce to esplosives vis skia
A c—uct and/or vapox imhalation ia luuunl n-u.. A
toshnique wsing the TRA Asalyser iaterfaend to
Im liquid ehvometograph (BFLC) u «muu for
ceese lavel deterniasstion of nitreglycezin
i mtm tetranitvate, and theiz -unun- in blood Nilliem L. Mollwits J. Derwin Ki
and urite, ped s ot detecting Southwest Mesearch Institute ' " Ko
: ”“"1:_“ sach of the " to €220 Culabra Boad
. J a dn-‘- ‘l::t of ose past pex n{l:: (nbl- m Postal Drawee 28510 Py
>, Sowed to Ba 7-4% ad 378 relotive stentare deviation San Aatonio, femas 70284
> (n9) 1:1 ntmxmu -d mu:ry:luul :.:nuunn,
"ot cotpestively. Asslytical sethodologies developed for the
YS! vesvion of wthyleas Siyesl dinitree (Saomi, MADIORSCOSACY MMSCMARCE AMORPTION SPECTIOSCOPIC (RAAS)
uhunuxn:o (T¥1) 2nd M2 ia biologieal astrices and or sxpLOS
wastevater offluents sre alse discusesd.
The field of redi absorption
SPeCtroscopy (RAAS) comprises the techaiques of muclear
X l(l'ltu:.rom (aeR) , uclm tho nnn‘:e;
BOR) 1 ), add o sch
o are ::otu: ia the ‘:u:.u. :‘ qualitative and
} R. C, Briner, Directer C. &, Lonpuell, Crimtmalise mmin M:n m"“. u-..m.m.mt':': ::pm:n
2 S50 Regtena] Crime Lob 39 SDO fegienal Crime Lad dydrogen MR sigasls can be obtained with good signal-to-
D Southoast M. State Untv. Southesst My, State Univ. ::::0 nelt.o-!r: ng onpl 2 ot l:oel powder .
. Cage . [+ Cage Giv,, 6371 ogen signals are elso evailable from mea
e Hr..® @0 @ e - v On op can be obCained from o
; -2 {4 1 Free al ;e ate aveilable
) from thoes explosives CORtaining pyrolysed msterisis. Kech
ha 4 Liquid Chrema: of these techaiques will u briefly described. their
Exslesive Restdue Detaction by Ligu togrephy
tsing An [lectrochestcal Oetsctor o:.:::uun oa.n.: “o-u ‘:::u-. trom meay yeers
k- ° SUZemOAt sxperisnve, disp
Y
*h st 1y i1 with Houid
*t mnmlmuu-uwmmwnm-n_m
Ny nitrate asters, aftrawines, snd dml-'m 1n oilitory explosives
e nd double boce smbaless guenwiers. A sensitive and Nighly selec-

) tive authed 13 presented for the of srgentc

A ,':',"'"""1.'1:";,';.';"""‘.:,"""',. l 2.'.‘0) Prank J. Conrad
i detection " are of order of 0.5, 1, sSandia W Lado .
3 ' » for nitre and nitrsts ester expiosive . 0 .h:'::::. ratorieet 4 3

7 e, o ¢iphenyl vl Entry Control 2
..’ In the lest five yeers, aste ¢ 1 detection 34 yetems Divisioa 9232

fn 14 Mes beteme vide! m for 10)ving usay Albuquerque., ¥N 871
.“« cltwieal, Ve 004 onvirormental Intarest. 1308) 844-4290
! reviem huve boun publfshed ea the resyiting fros

] the campiestion of Tieuid with electrechanical dutac-

y tien (1.¢.-0.6.). Progress in reductive mde (1.c.-0.C.) Nos been PROGRAN ON EXPLOSIVES VAPOR DETRCTION
~, slew of prediam ssesciated with dissaived oxygen, metal
-«" R A e €

" @ ave y of sere w 3 -
’, elactradn meeerials hes gemeveted & reseend futerest in thts tech- A :. :: ::"-:u- ot wvork "‘:::":.‘: the o
".. hanced teoti L2 AVeS vapors w s8cus a0
; Mgwmﬁnﬂ! |.n-‘eun-n| {1.c.-
(k:, 0.c.) wainp $100sy carben ood Smlommetes 14 Sloctroses o “‘"’ follows: the basic resesfch on ssterials used in metailic
- ~|‘.1‘.""~::."".? o d otk resow PTOCORCONLTAtors, & TNT calibrator for determining inatev-
ot the & M sensitive and selective or . .
~m-d0'ﬂlmg!- Srecoloone (2 4-ONT ) mant sensitivity, the developmsnt of a “soft® ionization
diphanyianing (.’l) in "1 .m.“. o ) source for mess spectrometer and the test results (rom our
et mplosives can be ¢las: e of severa) greups -
Sy Aitre a1tre bcid osters, Aitramings. 181ts evalustion of a Gas ChromAtoqreph-Therwo tlectron Anelyzer
of prehlevic, st chiovic acidn, a3100s end other Bisce))esecus {Ge-TRA) .
CEPRmte ¢20abie of praduciny o0 eolesion, and mistures of exple-
sives fraw the sbove grewps. m fves of comen commerctsl
LAl mplonive campownts ! uolo 'or trace detovminetions
L] ve wede 1.c.-0.c. will be discussed. VWRIS work vae supported by the U. S. Departsant

of Energy Contract DE-ACO4-Y6DPOO789.
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Masrption effests mst be doxed vhes 4

3 is used for | vapor handliag.
Guarts, pyren, tafloa, stainless steel. and aickel sdeccd
ouplesives vepors at resm ™e in
the adesrptive capabilitise of these matarials ac elevated
is &4 d. Data waTe obtained by passing
WY, ONT, or PRIV veper sh heat ol | g A gas

Chwongtegraph equipped with ea ol ap

vas weed for amslyses. The
» ot 3 por
pyren to 17¢° for aickel.

onp ded to
zenge from 103°C for glass end

YIEITVoeR vas supperted by the U. S. Departasat
of Mmeryy CaRLTery BB-ACD - 160re0785.
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Smntame. A Wie lovel of oy she o donts.

s Wanes *emaiting pmE-ghate ssatasiastion, is atditicn

» e isiag fres w tres d0a, and the

hae bumn weet ia & sumber of forunsic coses.
Wit 0. Bvienes Johm €. Fulferd
%M 47 se1ex
. Comren fosd, Unie 208 56 Glon Comaren Muod, it 202
Tt Crte, e, L W2 Thorsat 11, Ontarte. Consen, LIT 192
(018) B -a008

NS WUNENENES ST & CLASIVES 3¢ TAIRAR WAS SORCTRORITRY
m mg Aom §, Pelford, KXILIO, 34 Slon Comren fned,
. Grtarte, Constie, LIV 12, (416) 38)-4048.
Tongen faes f9etrumpter (WSMS) coupled with an
SAEINTIPIG Presture chgBieal fanisetien (ARCI) sewres srovices o
MN-0001 90 GUOREE of GORISLIAY MIPErS TPEl 00pi0sives ' & veriety
Mo AL souren, 718008 with SPPrepriste ampiting
100000SaN0tNS SULOULIEn of LRUSE vaPers 18 tRE Sub-gvd
conget. The 1anEEn ases L9eKEre.
tan of WD teetruaent e & MERly 190eific malysts of
e Geamtes. ftret aaos snplpser of the
UMD 5 wi0d €8 & SEPLPERP ERiCh CEPOreted e 1ens fernud frem the
CUNPEONtS of the Saupled o1 ScUrEing to their ableculsr
e tem are frogaassed 1o o coltision region, ond the
u%ﬂm 19 9008 40 JULOPRING WRICh froguent ene ore
cONpiung 1% & “Tiagerprim’ of
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sovers! onp witl bo pr
dynenite snd double-base prepelionts, hes Been dutected en afrcraft,
on the Maman body, 18 sealed corddosrd Denet, 1n § aSCked-vp Coree
COMALAr ad o8 & cleaned fovelver. lavelatile expiosives vech 23 C4
can b detected Tram the vepers given off by selvents (cyciehesenene)
or tapurities.

Aenete sanpling for retatively invelatile esplesives or for gort-
tcles frem explostves 13 occampli weing 4 hand-held prode concen-
trator wihich treps the vapers or particles on on organic costing. The
:-u prede my be sesled and returned te the TAGH® NS system

or snalysts,

Custenized Computer softusre 81)ows for nser “dlock-des” epers-
tien of the system for sen-tochnical speraters.

Orscriptions of the instrunent, sampling techniques, softwsre snd
applications releted te expl deot. will be or

Dr. Bussell C. Drew
Amsricee lamevatton, Inc.
101 Clear Spring Resd
Great Talls, VA 12006
(103) 4301913

Dr. Christopher Stevens
California Inscicute of Tecwnology
Jot Propuision Ledorecory
Passdena, CA 100

48

A highly incegrated design, light-weight snd low power consumpcion gés

ch Ogreph- per bas bogn develeped and muu"’ly oper-
ated as part of the RABA Viking sissien te the surface of Mars "', The
rigoveus criteris estabiished by MABA for the Viking Mars Lander resulted
in an tnstrusent chet was physically cempact, highly shock resistast and
capeble of remece speration through & command and concrol limkage with
daca resura o varth. The dosign of chis instrument evoived over sn eight
year puried of sntonsive snsliytigal toscing and retiaement of system ele-
@onts te mset the spesifications escoblished for remsce planvtary opera-
tions.

The principal elomente of tha Viking GOME ave Seilng re-packaged into &
configuracion suitable for terrescrial ansiycical spplicacions raaging
from enviremmental mpntcoring te & variety of feremsic and securicy uses,
including sxplosives decestion. The resulc 16 & unique analytical tuel

chat combines the sewer and sensicivity of a laberatory GOMS Lastrumeec

in 2 smel! vallse-elzned, men=portable device that wiil sllov fleld measure~
wents ond tdentification of unknewm velsciles with Maninun sensitivities

of the order of O.1 parte per dillien ({n air by volume).

The essential design and vporsiions! cheracterisiices of the Viking COMS

system will Vo highlighced (n connection vwith explasives dstecc(on applice-
tisme.

Dauchaeck, Dias, oc 81, "Viking Cas Chrematograph-Nass Spectrometer”,
Rav. Sci. Instrum, 49(6), Jume 1978,

Or. Lotne Elian

Senior Ressarch Officer 49
National Resesrch Council
of Camads, Ottsve, Canada
TRACE VAPOR DSTICTION OF HIDOEW EXPLOSIVES

Laboratory and field triale are outlined in
the dmloru of a """'5’ GC explosives Anslyzer.
Tield trials involved aircraft, buildiag and vehicle
search scensrios.

The rasulte of a s

a commom volstile comstituemt o
are also presented.

on the tdentificacton of
organonitrate sxplosives

Aalph J. Sulliven Gary ¥. Wotsom
XonTech, Inc. XoaTech, Inc.
862 Mo t Avenve [ X ] 6862 Nayvenhurst Avenve
Yon Wuys, Californta 91808 van muys, Califorata
{213) 187.7380
SANPLING OF EXPLOSIVES
wiTH

MATIPLE, PORTABLE PRECONCENTRATING CARTRIOGES

A portable pereensl sapler hes boon develosed to be used
in searches for anplosives, A cartridee 5 fmserted into
& persens] sampler which drows afr throwgh the cartridee.
Explestve vapors are preferentislly sdeorded in the cart-
ridge. This preforential absarption reswits fn o pre-
concantration of vepers. The cartrd 18 then remsved
ond nserted nte KenTech's Mode) &C-710 Explosive De-
toctor whore the cartridge f1lomant is heated and the
fTashed off oxplesive vapers Are detacted with an electron
capture detacter, Commercia) TNT, (.4, dymamtte, and dota
sheet heve baen detectad. NMetention time and saepiing
tiug curves for eech explesive show thet detection is
porsinle wp to JO simutes after sampling. The sampler is
saall (1.5 powntt] and relattively inaxpomsive. Severs!
cartridges aoy be vsed with ene sempler and severs|
sasplers may be used with one 6C-710, theresy reducing

the investhent ‘or seerch equipment.
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ADNTE DETECTION OF EXMLOSIVES
WRING TRAINED CANINES
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{1NY) s vacer hae deen

it
i

i

Je

Schirer
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Switaerland

J. Bruce Schiegel, Pres.
Schlegel Assecistes, Inc.
Robscott Suildiag

153 Casstaut Hill fosd
Newark

Tel:

THR TAGGING OF EXPLOSIVES)
THR NEW SWISS LOW ON EXPLOSIVES:
DEVELOPMENT, ACHIEVEIRNTS ANO PIRST EXPERICNCES

In Svitserlaad the marking of explosives, ssfety fuses,
detonating cords and fusetubes is embodied in law. This
act and its administrative rules are harewith presented,

leted by the 4 iption of the p day situation
in Switserland, the applied investigation procedures for
bombings, the efforts taken so far (details on the two
asystams "MICROTAGGANT® and “EXPLOTRACER®) and future
developments,

Laboratory Work Accosplished ac:
Lachat Chemicals, lac.
Instrument Oivision

10500 N. Port wWashington Rosd

» Delaware 19713 Hequon, Wiscomsim >3W2

(302) 453-1600 Tel: (414) 241-3472

INTER AL STANDARD CHEMICAL LABELING OF INTACT LXPLUSIVLS & Tik SUBSL-
QUEAT Od LINE THINM LAYER-FLAMC IGWIZATION IDENTIF ICATION OF sANOGRAM
QUANTITIES OF THESE STANDARDS 14 SPENT EXPLOSIVE RESIDUES.

It s aow possible to anslyze quickly snd with so laborious
sample preparstion; non-volstile, high mslecular weight complex
orgaaic uslecules at levels low snough to msks chemicsi labeling of

aplost ad their datection f ble to iacriminate
would be users of expiosives in a terroristic sanner.

First of all, aa explosive ssaufscturer could ID his own product
lise with s unique, isolsted, mon-volstile organic chemical of choice
to, doube, 1 fy hi

. s p
Then whem utilized for a suspicious purpose, residue sampier may
be taken on-site and spetted on & Thia Layer Chromstograph with a
Fiome lomization Detector. This umit is & turn hey sutomatic system =
with & prepreg data system set up for iatermal standard

1 P lysis shoving & CRT and hard copy "hit
retio” p age of | i ~ possibilities in the Sasic
lasgusge software exscutive.

Nita this the low
for s ) y csn be ined. These nsmogram or parts
por billion levels ususlly sttainable here-to-fore omnly om volatile

that can de gas chrometographed; caa mow be obtained on
nos-volstile coupoumds that will aot totally disappeer upom explusion.
They will be left sfterwards te allew tracing of the explosive to the
buysr to seller te maaufacturer as evideace to prosecute the sppropri-

ate guilty party.
Preferentisl Catagery:
1. Explesive Residus Analysis
2. Expiosive Aaalysis
3. Remote Detectios of Liplosives

tevels cequired

The Anairsig of Qrosnie Components in Gunshot Resiguse

Pracedures for the detectien of erganic gUNShot residuss on the hands end
clothing of peresrs auspected of firing & wespen are described. The strongeet
ovidante in this contaut s p by wing o ape
(SEM) to detect metaliic primer residuss, which have cheracteristic shepe and

[ the SEM procedure is slow and thue
timits the nuvber of casse thet can be exawned. Also for some prirer
compesitions the SEM romilts WS Nt CONCIEIVE SVICENC® that the remdue
oriass frem & flroasvn dashargs.

nen » i on that could be wed to rapudly
sresn coses bofure ndmissien for SEM snalysis o study hae desn made of
for L2 oly
nitraceihuioss and inarganic nitrite. Capillary GC, TLC sng HPLC with eiectro-
chemicel detastion hove besn used and the conCiunone drawn e Lhat
b - R e o levels wiuch
may prove of valus, wharens NItTeosiiviess &l NILIILS are lees promimng.

The initial lovels of residve G1penited vary censidurably with the types of
wespen end emmunition wed  Sems cembinelions produced e little
contomination that reslduse omid enly 8e dutscted, usng current metheds, f
the firer was others a g 9
and nitregiycering, en hands and clethes, and dighanylarvune, on clothes, tould
e estested up 0o & nae olfter firing.

Orgaris guuiet resdus enalysie Nas & Aure in fOrENNC KCHNCE Dit we
L] the o of our before it s

reutinely sppliceble.
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u cttnn iu of rrest lnarnuc bath in orver to
wesd o.f deoger end from & forvnsic polat of view, Indeet
ovesyWhere siienvts sre rede to wmswer this westion
cmtn blsstinge s -utx the snuropriate reshods

sveileble t8 obtain res. x,;u-vuont sod_cosparsble

m Tesults, ‘hevelfers, »t “undeskrininelast (BEXi)
cothels of favestisasiea bm been established whioh cenp
Sareish (in 8 uuuuu s8800) objestive messurezent dsts
on the otho of I..

. 9000PeBAtY tethols sad spparstus for the experisentsl
lsteetion of t:- nnt and ntetion effects of T'
g9 desazided sinew they sre the wost hsaapdous for humaa
veinss. <de rrodlems of provilinc eoniitions for serryin-
wnt uu:u. it tn o0 }uton offecta iv aesss of
corparecive blostiag. sre disgusssi. “xenplery messuresens
Zesults sod thoir cooclusicas sre presented,







