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PREFACE

The Scientific Working Group for Gunshot Residue (SWGGSR) was established in 2007 and
funded by the National Institute for Justice (N1J). Currently, the group comprises 27 experienced
gunshot residue analysts from the United States, as well as from Australia, Canada, Finland,
Germany, Israel, and the United Kingdom.

The purpose of SWGGSR is to make recommendations for internationally accepted guidelines
for the forensic examination of gunshot residue. This document is the product of input from
subcommittees within the SWGGSR group. Its intended use is as a comprehensive guide to the
forensic laboratory practitioner, the legal community, and academia. While no guide can address
all issues in every specific situation, the guide represents the mutually agreed upon opinions of
the expert group.

This guide covers the analysis of primer gunshot residue (GSR) by scanning electron
microscopy/energy-dispersive X-ray spectrometry (SEM/EDS) by automated and manual
methods. It makes recommendations concerning interpretation and report writing, contamination
issues, expert witness testimony, and training. It provides detailed background information
concerning ammunition and its contribution to gunshot residue particles. The guide also contains
a glossary of SEM terms and a list of published reference materials.
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INTRODUCTION

Gunshot residue (GSR) particles form as a result of rapid cooling of the discharge gases and
solid matter, originating from partially reacted components of the primer and propellant, as well
as from the metallic components of the ammunition and firearm. In addition, GSR originating
from ammunition previously discharged from the firearm can also contribute to GSR ejected
during a subsequent discharge.! 23

Some of the gases condense in the form of spheres, but they also interact with solid residue
materials to form complex mixtures and aggregate forms. Although some residue material can be
ejected with little or no physical or chemical modification, most residue particles show evidence
of exposure to or formation at extremely high temperatures and pressure.

Spheroidal particles range in size from sub-micrometers (um) to several hundred micrometers in
diameter. Irregular and aggregate particles generally constitute the majority of larger GSR
particles produced, ranging in size typically from a few micrometers to several hundred
micrometers.

This guide pertains to the detection of elemental residues originating from
. Residues formed through the explosive reaction of the primer compounds
. Material originating from the bullet and bullet jacket or coating
. Material eroded from the cartridge case, primer cup and other cartridge components

. Materials originating from the interior of the firearm chamber and barrel, including
residues originating from previous discharges of the firearm and foreign materials,
such as metal oxidation/corrosion, soil, and debris can exist

The elemental primer components are the primary source of particles used for the identification
of GSR.

There are several classes of primers and within each class there is variation in the composition.

Secretions and other debris from the subject’s skin or hair can also contribute to the physical
form and chemical composition of GSR particles collected.

The combination of Scanning Electron Microscopy and Energy Dispersive Spectrometry
(SEM/EDS) has widespread scientific acceptance as the optimum technique for the examination
and analysis of GSR* >for the following reasons:

. The technique is non-destructive.
. Minimal sample preparation is necessary.

. Individual particles can be analyzed.
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. The morphology of particles can be examined.

. GSR can be identified with a high level of confidence on the basis of the elemental
composition and morphology.

. Highly effective and rapid automated systems have been developed for particle
detection and classification.

SEM/EDS can be applied either manually or in an automated mode to the search for and analysis
of potential GSR particles. In both manual and automated search modes, the sample surface is
scanned in a systematic, defined sequence. Automated search is the preferred method due to
increased efficiency.

In a manual search, the search regime and instrument parameters are determined by the operator.

In an automated search, the user sets a number of parameters that determine the minimum
particle size to be detected as well as the area of the sample surface to be searched.® ’ ®

However, once these parameters have been set, the search mode is fully controlled by the search
software using a combination of controlled movements of the automated stage and electron beam
positioning.

In both manual and automated systems, the search targets particles of high mean atomic number.
These are visualized using a Back Scattered Electron (BSE) detector set at a threshold for high
atomic number or calibrated to provide a correlation of atomic number with gray scale. Once a
particle with a bright BSE image is detected, it is analyzed by EDS.? ° In the automated search
mode, this process is controlled by the search software. The automated search software classifies
the composition of each particle analyzed and saves the coordinates or position on the sample
stub for later review. In many systems, a low-resolution image of the analyzed particle is saved
for later inspection.

Multiple sample analysis is possible with current, automated GSR search systems.

This guide applies to SEM/EDS analysis of GSR samples taken from human subjects,**
clothing,*® 2 and objects allegedly associated with shooting incidents. Adhesive sample mounts
on round, 12.7 mm diameter, aluminum stubs are most commonly used for the examination of
samples taken for the purposes of detection of GSR, although smaller and larger samples can be
accommodated. In some jurisdictions, rectangular sample tabs are used.

Since software and hardware formats vary among commercial systems, guidelines will be
offered in the most general terms possible. The software manual for each system should be
consulted for proper terminology and operation.
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Propellant residues are not directly detected using this method. However, as partially burnt
propellant grains can be associated with primer and bullet residues, propellant particles can be
detected indirectly. In order to identify propellant detected in this manner, the analyst must
recover the particle from the sample stub and analyze it using suitable techniques such as Fourier
Transform Infrared Spectroscopy, Raman Spectroscopy, and/or Chromatographic techniques.**

INSTRUMENTAL REQUIREMENTS

In analytical SEM, the electron beam must be coherent and of high current density for efficient
production of x-rays. There are three main systems for generating electrons in SEM used in
analytical systems:

1)  Tungsten filament/electron gun
2)  Lanthanum hexaboride (LaBg) filament/electron gun
3)  Field Emission Gun

All are suitable for both manual and automated GSR analysis. Both LaBg and Schottky Field
Emission Guns provide extended filament life and stability with superior image resolution to that
of a tungsten filament electron gun.

Accelerating voltages of at least 20kV are required for optimum generation of BSE and x-rays
from GSR particles. Commonly, an accelerating voltage of between 20 and 25kV is used for
manual and automated searching.

The BSE detector must be highly sensitive to changes in atomic number. For manual searching,
the BSE detector should be capable of operating at rapid scan rates resulting in little or no image
streaking with movement of the sample stage. Large area, passive, scintillator detectors have
excellent atomic number contrast and operate exceptionally at fast scan rates. However, solid
state BSE detectors now provide superior atomic number contrast with the scan rate response
approaching that of scintillator detectors. Consequently, either type is suitable for GSR analysis.

Using suitable search parameters, the SEM should be capable of detecting particles
approximately 0.5 pum in diameter.

In SEM utilizing manual or automated searching for GSR, the ability of the instrument to detect
sub-micrometer sized particles is determined by adjustment of the beam current, spot size,
working distance, BSE detector sensitivity (brightness/contrast threshold setting), image
magnification, and the stage movement. A known standard that includes suitable sub-micrometer
sized particles is employed to ensure the SEM/EDS system is functioning properly.
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The SEM beam stability is crucial for a stable BSE signal and is critical in both manual and
automated systems.

The EDS energy calibration is important for accurate identification of elements and, hence,
automated classification of particles.”> The SEM beam stability and EDS energy calibration can
be monitored during analysis by some automated systems, using a suitable reference standard. A
performance standard can be run to check and monitor the operating conditions of the SEM. (see
Calibration & Quality Assurance)

In automated GSR particle search systems, the extent to which the SEM and EDS communicate
and are integrated varies according to the manufacturers involved and the capabilities of the
hardware/software architecture.

Automated GSR/particle search systems may include
. A motorized and programmable sample stage

. Automated stage and beam control with the ability to recall stage locations for
verification of the composition of particles of interest

. A saved image of the analyzed particle

. Particle detection and classification software (this software can be housed in either
the SEM or the EDS)

Most EDS instruments will be suitable for the analysis of GSR particles detected during manual
searches. There are a number of EDS instruments that incorporate or can be interfaced with
automated GSR particle search systems.

EDS systems capable of analyzing GSR particles, typically, will

. Be capable of resolving clearly the Sb Lo, LB;, and L, and the Ba Lay, Lp;, and
LB, peaks. Instruments having an x-ray line resolution of less than 150 eV, measured
as the full width at half the maximum (FWHM) height of the Mn Ko peak, will be
capable of resolving these lines; however, instruments having a resolution of
approximately 130 eV for the Mn Ka peak will more clearly resolve close peaks,
such as the Ca Ko and Sb Lo, peaks.

. Have a calibrated, scaled display of x-ray energy versus counts

. Have the ability to identify and label x-ray lines and a facility for hard copy output of
the display contents.

A display resolution of 1024 channels at 20 eV per channel is suitable for visually interpreting
the x-ray spectrum and identifying the elements present; however, a setting of 2048 channels at
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10 eV per channel displays the x-ray lines at greater resolution and, hence, provides clearer
differentiation of very close x-ray lines such as Sb Loy and Ca Ko and Ba Lo and Ti Ka.

The spectral range of the EDS display and output must encompass the x-ray lines of relevance to
the identification of GSR. A range of 0-20keV is recommended although a minimum range of 0-
15 keV will suffice.

Windowless EDS detectors are not suitable for GSR analysis as samples are often contaminated
with biological and other organic matter that can out-gas and deposit on the unprotected detector
surface resulting in a decline in performance. Beryllium or organic/polymeric windows are
suitable for protection of the detector.

Automated systems will also include software capable of acquiring x-ray spectra for a specified
collection time or number of x-ray counts. It is desirable that the spectrum obtained from the
analysis of each particle detected be stored. At a minimum, an automated system must be
capable of storing all of the particle co-ordinates so that the particles can be relocated for
confirmation.

CALIBRATION & QUALITY ASSURANCE

A protocol must be established to confirm optimal operating parameters on a routine basis. This
can be facilitated by the use of appropriate standards or reference samples.

The accuracy of the SEM’s dimensional measurement function at various magnifications can be
calibrated using a suitable traceable standard periodically and a record kept in a permanent log.
Note that for GSR analyses, the accuracy of the scale marker is not a critical measurement, and,
hence, calibration of the SEM measuring scale is not mandatory.

To ensure that the SEM is operating at optimum performance, there are a number of procedures
that should be followed:

. Saturation of the filament is optimized to the accelerating voltage used for the
analysis. A balance needs to be obtained in setting the filament current. Too low of a
current will make it insensitive to small changes, but too high of a current will reduce
the filament life. Some instruments include automatic saturation, but manual
saturation can provide better performance.

. Centering the filament and/or setting the gun shift/tilt controls optimizes image
quality and beam current.

. Centering the aperture using focus wobble or lens modification. Centering this
aperture allows the electron beam to pass through the center of the objective lens for
best resolution and image quality.
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. Astigmatism/focus correction. With no astigmatism, the sharpest image is obtained at
a focused point.

. Degaussing/anti-hysteresis prior to setting SEM parameters. Elimination of
hysteresis of the magnetic field optimizes accuracy of the magnification and aligment
of the electron optical axis.

The EDS detector should be calibrated regularly. The frequency of the calibration is determined
by the energy drift of the detector. A record of the calibration check should be kept according to
laboratory protocol. Automatic methods for calibration are described in documentation from the
manufacturer.

The spectral resolution of the EDS should be determined regularly, depending on the stability of
the instrument. This can be determined automatically or manually by measuring the width of the
Mn Ko, Co Ka, or Cu Ko peak at half the maximum peak height .

An automated system utilizes a known atomic number standard or standards to adjust the BSE
detector. Similar procedures should be used to set the BSE parameters for manual searching of
GSR. The standards used to set the operating parameters for an automated search are generally
stipulated by the automated search system that is employed. These standards can simply be used
to set a minimum atomic number detection threshold for the BSE detector, or they can be used to
adjust the BSE detector gray levels to particular values of atomic number.

When operating in automated mode, a suitable reference sample/standard with a known particle
distribution and/or composition, size and location should be analyzed in order to test the
accuracy of particle detection and classification. This standard should be analyzed regularly to
check the detection efficiency of the instrument. It can also be suitable for adjusting the BSE
detector and setting the SEM/EDS parameters prior to automated or manual analyses.*® *’
Suitable standards include

. ENFSI (or Plano) Synthetic GSR Standard

. A sample prepared from known GSR and subjected to repeated analysis to establish
the distribution and compositions of the particles

A stub that has not been used for collection of evidence samples (a negative or environmental
control) should also be included with each sample set to be analyzed. Environmental controls can
be used to test the integrity of the operating procedures by monitoring environmental particles
and potential contamination within the sampling and/or analytical system. An environmental
control is a sample stub exposed to any process in which GSR sample stubs experiences.
Examples include sample preparation areas, carbon-coating equipment, or inside the SEM
chamber.When a laboratory or a commercial company manufactures sampling stubs/Kits, it is
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recommended that at least one unused/blank sample stub from each batch be analyzed in order to
establish its acceptability and performance. It is suggested that ISO 9000 companies provide the
sampling Kits.

PROCEDURE

Sample Preparation

The work area and tools used for the preparation and examination of samples should be free of
all materials that could transfer to the sample surface. Exposure of the sample collection stub
should be limited to essential procedures only and it should be replaced into its container
immediately upon completion of the task.*®

The collection stub should be labeled in such a manner that it can be distinguished from the other
samples being examined. In doing so, extreme care should be taken to avoid contamination of
the sample surface.

The samples can first be examined with a stereomicroscope to examine the material adhering to
the sample. This preliminary examination can, for example, detect the presence of partially burnt
propellant grains or other particles of interest.

The surface of the sample must be coated with a conductive material if a non-conductive
adhesive is used for the sample collection unless an environmental SEM or variable pressure/low
vacuum instrument is used for the analysis.

Carbon is the recommended coating material, as it provides a negligible backscattered signal and
does not emit interfering x-ray lines. The coating should be uniform and of adequate thickness to
eliminate charging of the sample during analysis. If charging occurs, the specimen should be re-
coated and re-analyzed.

It should be noted that some materials can charge even when conductive adhesive has been
utilized (e.g. samples loaded with fibers). In such cases, the sample should be coated to achieve
an effective analysis.

Setting the Detection Parameters

The working distance, electron beam spot size and magnification should be set at the optimum
settings for detection of GSR by a particular instrument. These settings should be fixed for all
analyses unless there is a particular reason for modifying the parameters. Such changes should be
documented in the relevant case record(s).

GSR particles originating from the most common ammunition types are detected as a result of
their bright BSE image. The intensity of this image is related to the electron beam current, mean
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atomic number, and size of the particle. The magnitude of the brightness of the BSE signal from
a particle increases in intensity as the beam current increases.™

The beam current can be measured with a Faraday cup, a specimen current meter, or monitored
by comparing the integrated counts within the same peak in sequentially collected spectra from a
known standard.

The sensitivity of the BSE detector to changes in mean atomic number of a particle at a given
working distance, spot size, and beam current is adjusted using the brightness and contrast
settings. Using an appropriate reference or calibration sample, the BSE detector response should
be adjusted to set a threshold or gray scale that will allow the detection of a particle whose mean
atomic number is like that of a typical Pb, Ba, Sb particle. These same instrument parameters
should be used during the analysis of the questioned samples.

In most current automated systems, the BSE detector is set to a gray scale with a relatively
broad atomic number detection range using a multiple element sample. This usually incorporates
a procedure for measuring the beam current.

It should be noted that some brands of environmentally safe ammunition contain no heavy metals
in the primer. Particles generated from such ammunition types will not contain high atomic
number elements. As such, these particles will not be readily detected using typical operating
parameters of the SEM for detection of traditional heavy-metal GSR.

Automated Analysis

Automated analysis of GSR involves some portion of the analysis being controlled by preset
software functions. The extent to which the SEM and EDS systems communicate and are
integrated varies according to the manufacturers involved and the capabilities of the
hardware/software architecture. Software control of the instrument enables a systematic and
comprehensive search of a predetermined area of the sample.

When an automated SEM/EDS system is employed, data collection from the entire surface area
of the sample collection stub is recommended, subject to limitations of the search software
and/or sample geometry. Where such limitations exist, it is recommended that as much surface
area as possible be analyzed.

Depending on the requirements of the examination, a threshold on the number of detected
particles that have been classified as GSR (or other composition of interest) can be applied,
resulting in the termination of the particle search before the end of the programmed search area.

An automated SEM/EDS system should provide hard copy output and long term storage of the
sample identifier and stage position, the field of analysis, the stage coordinates of all detected
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particles, the total number of particles detected, and the total number of particles classified as
GSR.

Particles classified as potential GSR by the automated search software must be relocated and the
x-ray spectrum reacquired. Where large numbers of particles of potential GSR are detected, the
re-analysis and verification of only a reasonable number of the total particles detected can be
sufficient.

Manual Examinations

Manual examination of the total surface area of the sample can be prohibitively time-consuming.
However, since particles are collected in a random manner on the sample surface, it is reasonable
to analyze a portion of the stub surface by employing an appropriate analytical protocol to
establish a suitable sub-area to search. Selection of a small search area can significantly decrease
the probability of detecting particles of interest.’ Particles should be analyzed if their
backscattered electron signal brightness exceeds the desired threshold setting.

Analysis of Detected Particles

The potential GSR particles detected by automated analysis are relocated and confirmed by
acquiring an x-ray spectrum from each particle using a small area analysis positioned completely
within the particle’s volume (generally centered on the particle). The spectral acquisition must
provide an adequate statistical basis for identification of all peaks of interest** by accumulating
sufficient x-ray counts at the desired count rate (a dead time of between 20% and 50% is
optimum). However, if a brief spectral acquisition indicates that the composition is not
characteristic of, or consistent with GSR, acquisition may be stopped.

When no GSR-related particles are detected on a sample, the analyst should ensure that the focus
and general operating conditions for the sample have not varied and are correct. At high
accelerating voltages, the interaction of the beam within a particle can be large. This needs to be
considered when analyzing small particles as the interaction volume can exceed the size of the
particle.

Where the BSE image indicates that the particle is non-homogenous, the variation in
composition within the particle should be characterized by multiple spot or small area analyses
of the various phases. Alternatively, x-ray mapping may be used to demonstrate the distribution
of the component elements.*?

Samples from Ammunition & Firearms

Although the identification of the brand of ammunition used from the composition of the
detected GSR particles is rare, it can be relevant to the investigation to establish whether the

Page 14 of 100



SWEGS

GUIDE FOR PRIMER GUNSHOT RESIDUE ANALYSIS BY
SCANNING ELECTRON MICROSCOPY / ENERGY DISPERSIVE X-RAY SPECTROMETRY

particles detected were consistent with having originated from the ammunition used in the
crime.?®* * More importantly, it can be possible to exclude detected particles as having
originated from the ammunition and firearm that was used. In doing so, the analyst must be
aware that GSR originating from previous shootings from a firearm can contribute to GSR from
later shootings from that firearm. If this is an issue in the case, a sample can be collected from
the interior of the fired cartridge case. There are a number of ways this can be achieved including
but not limited to the following:

Washing the interior of the cartridge case using a few drops of volatile liquid, such as
methanol, ethanol or isopropanol and transferring the resultant suspension of GSR
particles to a sample stub drop wise using a disposable pipette or syringe. The solvent
Is evaporated to dryness between applications.

Using a toothpick or wooden applicator stick to transfer particles from the fired case
or firearm barrel directly to a prepared collection stub.

Covering the opening with the adhesive side of a prepared stub, inverting the two,
and giving a firm tap to the base of the cartridge case.

Lightly wiping a dry cotton swab inside the cartridge case, then rolling the cotton bud
onto the surface of an adhesive sample stub. Note that this technique will result in
many cotton fibers also being transferred onto the stub.

If the firearm believed or known to have been used in the shooting is available, a second sample
can be taken from the breech area or muzzle, if it has not already been test fired. This can be
done using a toothpick, a wooden applicator stick, or a dry or wet (water, methanol, ethanol or
isopropanol, for example) cotton swab stick as described above. Consideration may also be given
to test firing the known ammunition from the firearm after all other sampling has been done.
Sampling directly from the firearm can also establish the contribution of residues originating
from previous firings of different ammunition.*

If the firearm used in the crime is not available, it may be possible to obtain samples pertaining
to the shooting from

The gunshot wound area
The bullet itself*®
An impact site

The surface believed to have been adjacent to the point of discharge

If the above options are not possible, it could be necessary to obtain GSR samples by
discharging the same type of ammunition and firearm.

Page 15 of 100



GUIDE FOR PRIMER GUNSHOT RESIDUE ANALYSIS BY
SCANNING ELECTRON MICROSCOPY / ENERGY DISPERSIVE X-RAY SPECTROMETRY

Care should be taken to examine a wide range of particles obtained from the cartridge case and
firearm or discharge test, including particles that fall within the same range of size and
morphology as composition can vary significantly with size and morphology.?’

DOCUMENTATION

The following documentation is required for significant particles reported in the examination by
either automated or manual analyses:

. SEM images of relevant particles showing their morphologies. Images of particles
rejected as being GSR may also be included, particularly those that have similar
elemental profiles to GSR but were rejected due to additional elements rarely found
in GSR and/or inconsistent morphology. A scale bar or particle measurement should
also be included with the SEM images of relevant particles.

. X-ray spectra of the relevant particles. All elements present should be clearly
identified.

. The labels on both images and spectra must clearly identify their association and
source.

. The operator should follow other intra-laboratory protocols for documentation as
appropriate.

REPORTING CRITERIA

To better understand GSR it is necessary to have a knowledge of the sources of these residues:
primarily, the ammunition and the firearm. (See Appendix B Ammunition)

Classification of GSR

In the following classification scheme, individual particles are classified as either characteristic
of, consistent with or commonly associated with GSR. The most diagnostic property used to
determine if a particle is characteristic of or consistent with GSR is its elemental profile.?

Particles classified as characteristic of GSR have compositions rarely found in particles from
any other source (see “Sources of Particles with Compositions Similar to GSR”).

Particles classified as consistent with GSR have compositions that are also found in particles
from a number of relatively common, non-firearm sources. Particles within this group are
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produced through the operation of a variety of processes, equipment or devices and can be found
in the environment with varying levels of frequency.

Particles classified as commonly associated with GSR have compositions that are also commonly
found in environmental particles from numerous sources. However, when present, in addition to
particles that are characteristic of, and/or consistent with GSR, these particles can be of
significance in the interpretation of a population of particles and, consequently, the likelihood
that that population is GSR. In isolation, however, such particles have little significance in
examinations for GSR.

Particles that are characteristic of GSR:

Ammunition with Sinoxid-type Primers

Almost all GSR that is classified as characteristic in elemental composition is derived from
ammunition incorporating primers based on the “Sinoxid” formulation that contain lead
styphnate (possibly with other lead compounds), antimony sulfide and barium nitrate.?
Detonation of these primers generates numerous particles considered to be characteristic of
having originated from this type of primer. These particles must contain

lead, antimony, and barium

Numerous additional components can be added to this basic primer composition; each of which
can contribute to the elemental composition of GSR particles originating from the particular
ammunition. In addition, other elements originating from the other ammunition components and
firearm can contribute to the elemental profile of GSR particles.

In determining the relative levels of components in a mixture, Goldstein et al stated:“The terms
‘major,” ‘minor,” and ‘trace’ as applied to the constituents of a sample in this discussion are not
strictly defined and are therefore somewhat subjective.” Because quantitation using EDS cannot
be applied to particles having complex morphology, the height of the major X-ray line for a
particular element can be used as an approximate measure of its concentration. Consequently, the
criteria postulated by Goldstein et al may be employed using peak height relative to the major X-
ray line/peak of the most prevalent element as a determinant of the relative abundance of each
component®®. Note for the purpose of GSR analysis, carbon should not be used as the most
prevalent element in peak height comparisons when using a light element detector. Major
elements are considered those whose most intense x-ray peak is greater than approximately 30%
of the highest peak (relative peak height). Minor elements are those whose most intense x-ray
peak is less than approximately 30% but higher than approximately 10% of the highest peak

Page 17 of 100



SWEGS

GUIDE FOR PRIMER GUNSHOT RESIDUE ANALYSIS BY
SCANNING ELECTRON MICROSCOPY / ENERGY DISPERSIVE X-RAY SPECTROMETRY

(relative peak height). Trace elements are those whose most intense x-ray peak is less than
approximately 10% of the highest peak (relative peak height).*! For example, if a barium Lo
peak is the tallest major peak in a spectrum, a sulfur Ka peak of approximately the same height
would be major; an intensity that is approximately the height of the barium L peak would be
minor; and an intensity that is approximately the height of the barium Ly peak would be trace. It
should be noted that the determination of low levels of sulfur in the presence of large amounts of
lead is difficult due to the closeness of the sulfur K lines and the lead M lines resulting in poor
resolution of these lines by EDS.

The following elements can be found in the above characteristic particles as major, minor or
trace components: (refer to Glossary)

silicon, calcium, aluminum, copper, tin

The following elements can also be found in the above characteristic particles, usually as minor
or trace components:

iron, sulfur, zinc, potassium, chlorine, phosphorus, nickel

In addition, there are some elements that are rarely found in GSR derived from “Sinoxid” type
primers but, when present, can provide a strong link to a specific ammunition or sub-type of
ammunition. These include the following elements:

cobalt, zirconium

One or more of the above elements may be present in these characteristic GSR particles
depending on the ammunition and firearm that they originated from. It should be noted that this
is not a comprehensive list and other elements have been identified in GSR.

Ammunition having calcium silicide based primers incorporating a Tin Foil in the
Primer

Older Sellier, Bellot, and Prague (SBP headstamp) produce an antimony-free primer containing
lead styphnate, barium nitrate and calcium silicide. This ammunition also incorporates a tin foil

disc that seals the primer into the primer cup. Discharge of this brand of ammunition produces
the following particles that are characteristic of GSR originating from these ammunitions:

lead, barium, calcium, silicon, and tin®?

Other components may also be present as the primer composition shows variation between
calibers and the date of manufacture. Consequently, GSR particles originating from S&B
ammunition can also contain one or more of the following other elements:
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copper (as either a major, minor or trace component), and iron, sulfur, zinc,
potassium and chlorine, usually as minor or trace components.

Tagged Ammunition

Some ammunitions manufactured specifically for use by police in some European countries are
tagged with specific elements.** 3* These incorporate “Sintox,” environmentally safe primers as
well as taggant elements. In “Sintox” primers 2,4-dinitrophenol (also known as Dinol or Diazole)
and other heavy-metal-free compounds replace the compounds of lead, antimony and barium.
The presence of taggant elements added to the ammunition gives rise to the formation of
characteristic particles when discharged. Two sources of tagged ammunition are used.

*  Ammunition Manufactured by RUAG Ammotec AG

Particles that have a composition characteristic of GSR generated by RUAG Ammotec AG
ammunition will have the following elemental profile:

Gadolinium, titanium, zinc
Particles originating from this ammunition may also contain trace levels of calcium and sulfur.
*  Ammunition Manufactured by MEN GmbH

Particles that have a composition characteristic of GSR generated by MEN GmbH ammunition
will have the following elemental profile:

Gallium, copper, tin

Particles originating from this ammunition may also contain trace levels of potassium and sulfur.

Particles that are Consistent with GSR:

Not all particles formed as a result of the detonation of “Sinoxid”-type primers have
characteristic lead-antimony-barium composition. Particles containing one or a combination of
two of the three elements (lead, antimony and barium) can also form.

In addition, many non-Sinoxid primers based on lead styphnate and other lead compounds do not
contain both antimony sulfide and barium nitrate. Furthermore, some “lead-free” ammunition
contains barium nitrate and antimony sulfide. As such, ammunition containing these types of
primer will not generate characteristic lead-antimony-barium particles.

Consequently, particles with the following elemental profiles are considered to be consistent
with GSR:
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o Barium, calcium, silicon (with no more than a trace of sulfur)

o Antimony, barium (usually with no more than a trace of iron or sulfur)®
o Lead with levels of antimony greater than trace amounts

o Barium, aluminum

o Lead, barium

o Lead, barium, calcium, silicon (produced by antimony-free, lead styphnate,
barium nitrate, and calcium silicide based primerslike Hirtenberger)

There are many (non-tagged) variants of primers incorporating 2,4-dinitrophenol that are
classified as “Sintox” primers or “environmentally safe.”

Particles with the following elemental profiles are considered to have a composition consistent
with GSR formed from all ammunitions incorporating “Sintox” primers:
o Titanium, zinc® 37 3

Particles with this composition may also contain copper or tin (e.g., from jacketing material),
and/or silicon, calcium, and aluminum.

Particles having the following elemental profiles are considered to have a composition consistent
with GSR formed from some brands of “environmentally safe” ammunition:
o  Strontium 404

Particles with this composition may also contain copper (e.g., from jacketing material),
aluminum, potassium, calcium, and/or barium.

Particles that are Commonly Associated with GSR:
Commonly associated particles with gunshot residues could include

o Lead with only trace levels of antimony

o Lead

o Antimony

o Barium (in the absence of sulfur)

These particles may also contain one or more of only the following other elements: silicon,
calcium, aluminum, copper, and trace amounts of iron, sulfur, phosphorus, zinc, nickel (in
conjunction with copper and zinc), potassium, chlorine, and tin.
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Additional Particle Compositions

Additional particle compositions can be classified according to the aforementioned systems.
Other kinds of primer compositions could include mercury fulminate based primers for
example.*? . This can aid in differentiating GSR from environmentally or
occupationallyproduced particles. However, any additional classification of particle
compositions must be subject to validation and peer review.

Sources of Particles with Compositions Similar to GSR:

There are a small number of (non-firearm) sources of particles having compositions similar to
GSR derived from “Sinoxid” type primers (that is, particles containing lead, antimony, and
barium). Each of these sources produces a wide variety of particles that are characteristic of the
particular source. Almost all of these particles can be clearly distinguished from residues
originating from the discharge of a firearm by their morphology and/or composition. However,
an extremely small number of particles originating from such sources can be very similar to or
indistinguishable from GSR. It is extremely unlikely that, out of all the particles generated by
any of these devices, only particles having a similar composition to GSR would be detected.

Cartridge/Primer-Operated Tools & Devices

There are a number of tools and devices that incorporate a primer to initiate a reaction or action
critical to the purpose of the device. These include starter pistols (blank cartridges),* signal guns
and flares,** cartridge-operated nail guns,* *® hand grenades,*’ tasers,*® and some types of air
bags deployed in vehicles.*®

Many of these have primers that do not produce particle populations with compositions that can
be classified as characteristic of GSR. Furthermore, residues originating from these sources are
characterized by the presence of large numbers of particles derived from other components of the
device.

However, there are several specific cases in which a particle with a composition that is
characteristic of GSR can be produced:

Cartridge-Operated Nail Guns and Fasteners

Cartridge-operated nail guns and fasteners use the explosive energy of a blank cartridge (powder
load) discharge to propel a nail into the work piece. Most nail guns use rimfire cartridges that are
based on lead-barium component primers (antimony-free), although tools available in the 1980s
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under the “Obo” brand, incorporating “Gevelot” brand cartridges,*® did employ a primer based
on the “Sinoxid” formulation. This product is no longer available worldwide and may not have
been imported into many countries. Hence the possibility of encountering residues originating
from this tool is extremely low.

Fiocchi (Italy) brand cartridges that were available in 1999, used in conjunction with Bossing
brand cartridge-operated tools were also reported to produce characteristic lead-antimony-barium
particles.”

The use of such cartridge operated tools varies considerably from country to country, is subject
to local industrial and health and safety regulations, and in some places their use has largely been
supplanted by compressed air operated systems.

In North America, revisions to OSHA regulations (OSHA Standard 1926.302(e)(12)) in 1993
mandated adherence in the workplace to the ANSI Standard, A10.3-1970, “Safety Requirements
for Explosive-Actuated Fastening Tools” This standard requires that only the minimum powder
load needed to drive the fastener be used. In practice this greatly restricted the use of high
velocity tools in favour of the use of low velocity piston based tools using rimfire based
cartridges of .22, .25 or .27 caliber.

When the use of cartridge-operated tools is indicated, the analyst is advised to collect residue
samples from the device for comparison purposes.

Air Bag Devices

Some vehicle air bags incorporate a primer device that is mounted in the passenger side
dashboard of a vehicle. They employ primer initiation to guarantee a sufficient rate of inflation.
Most of the air bag primer residue particles obtained from these deployed passenger side devices
contain elements unusual to GSR as well as lead, antimony, and,barium. Furthermore, many
thousands of non-primer particles, characteristic of air bag residues but foreign to GSR, are also
expelled from the air bag on deployment. 2

Fireworks & Other Pyrotechnics

Lead, antimony, and barium compounds are rarely found together in fireworks and pyrotechnics;
%3 %% however, few uncommon firework products, such as the “Crackering Ball”, can contain all
three elements. > The majority of particles generated from the ignition of firework products
contain elements not typically found in GSR, such as magnesium and/or other elements present
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in levels not generally seen in GSR (for example, elevated levels of chlorine and potassium).
A very small proportion of particles generated, however, have simple three-component (lead,
antimony, and barium) compositions. The morphology of firework particles commonly shows
the characteristics of having been formed in very high temperatures. > °” The rare instances of
firework particles found with lead, antimony, and barium have not been found with spheroid
morphology

Pyrotechnic mixtures that contain aluminum powder and barium nitrate (in addition to various
other compounds) can give rise to some spherical particles containing barium and aluminum.>®
Such particles are also commonly generated from firearm ammunition primers rich in aluminum
and barium nitrate. A small proportion of the aluminum-barium particles generated by
pyrotechnics can be indistinguishable to those generated by certain ammunition.

Brake Pads

Brake pads containing compounds of lead, antimony, and barium have been used by some
vehicle manufacturers.® ®® The friction caused by the application of the brakes results in the
shedding of fragments and particles from the brake pads. Some of these particles contain lead,
antimony, and barium, usually with a variety of other elements. Most particles can be clearly
distinguished from GSR due to the presence of elements rarely found in GSR, and/or elements
present in levels not generally seen in GSR, such as elevated levels of iron.

Most of these particles are irregular in form and heterogenous in composition (that is, separate
lead, antimony, and barium zones are generally observed). However, these particles can resemble
GSR when the other elements that are characteristic of the brake pads are absent and friction
results in more intimate mixing of the lead, antimony, and barium components.

The use of lead in brake pads was discontinued for occupational health and environmental
reasons in 