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Standard Guide for
Using Scanning Electron Microscopy/X-Ray Spectrometry in
Forensic Paint Examinations1

This standard is issued under the fixed designation E2809; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide is an outline of methods for scanning
electron microscopy (SEM) intended for use by forensic paint
examiners. This guide is intended to supplement information
presented in Guide E1610.

1.2 The methods used by each examiner or laboratory or
both depend upon sample size, sample suitability, and labora-
tory equipment.

1.3 The term “scanning electron microscopy” occasionally
refers to the entire analytical system including energy disper-
sive X-ray spectrometry (EDS) or wavelength dispersive X-ray
spectrometry (WDS) or both.

1.4 This guide does not cover the theoretical aspects of
many of the topics presented.

1.5 This guide cannot replace knowledge, skill, or ability
acquired through appropriate education, training, and experi-
ence and should be used in conjunction with sound profes-
sional judgment.

1.6 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

E766 Practice for Calibrating the Magnification of a Scan-
ning Electron Microscope

E1492 Practice for Receiving, Documenting, Storing, and
Retrieving Evidence in a Forensic Science Laboratory

E1508 Guide for Quantitative Analysis by Energy-
Dispersive Spectroscopy

E1610 Guide for Forensic Paint Analysis and Comparison
E1732 Terminology Relating to Forensic Science

3. Terminology

3.1 Definitions—For additional terms commonly employed
for general forensic examinations, see Terminology E1732.

3.1.1 background X-rays (Bremsstrahlung, braking
radiation, continuous spectrum), n—nonspecific X-ray radia-
tion with a continuous energy range from zero up to the beam
voltage in which background radiation results from the decel-
eration of beam electrons in the atomic Coulombic field.

3.1.1.1 Discussion—A typical X-ray spectrum consists of
both a continuous background and peaks from characteristic
X-rays.

3.1.2 backscattered electrons, n—primary beam electrons
that are scattered from the sample after undergoing few
inelastic interactions.

3.1.2.1 Discussion—The probability of backscattering is
proportional to the atomic number.

3.1.3 bulk analysis, n—type of scanning electron micros-
copy (SEM) analysis that determines the average elemental
composition of a material in which the area of analysis is as
large as possible and may be achieved by a single large area
raster or the summed results from multiple smaller area rasters.

3.1.4 cathodoluminescence, n—emission of photons in the
ultraviolet (UV), visible (Vis), and infrared (IR) regions of the
electromagnetic spectrum as a result of electron beam interac-
tion with certain materials.

3.1.5 characteristic X-rays, n—X-ray emission resulting
from de-excitation of an atom following inner shell ionization
in which the energy of the X-rays is related to the atomic
number of the atom, providing the basis for energy dispersive
X-ray spectrometry (EDS).

3.1.5.1 Discussion—A typical X-ray spectrum consists of
both a continuous background and peaks from characteristic
X-rays.
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3.1.6 charging, n—negative charge accumulation on either a
nonconductive sample or a sample that is not properly
grounded.

3.1.6.1 Discussion—This effect may interfere with image
formation and X-ray analysis because of beam deflection. It
can usually be eliminated by the application of a conductive
coating.

3.1.7 detector fluorescence peak (dead-layer peak, silicon
internal fluorescence peak), n—peak resulting from the emis-
sion of characteristic X-rays in a thin layer of inactive crystal
area in the front of an EDS detector.

3.1.7.1 Discussion—The peak is characteristic of the type of
detector, such as silicon for a lithium-drifted silicon detector. In
a silicon detector, this peak may appear at 0.2 % apparent
concentration.

3.1.8 electron probe microanalyzer (EPA, EPMA, EMMA),
n—electron beam instrument designed for quantitative X-ray
analysis (electron probe microanalysis).

3.1.8.1 Discussion—It is related to SEM but with multiple
wavelength spectrometers and is designed to work at repro-
ducible and stable beam currents and specimen-beam-X-ray
detector geometries. Electron probe microanalysis is the deter-
mination of elemental concentration by X-ray emission from
the microvolume of material in which a static electron beam
interacts.

3.1.9 embedding, n—procedure for casting a sample in a
block of material that polymerizes, or otherwise hardens, to
permit handling during further preparation.

3.1.10 energy dispersive X-ray spectrometry (EDS, EDXA,
EDX), n—EDX spectrometry is complementary to wavelength
dispersive spectrometry (WDS).

3.1.11 escape peak, n—peak resulting from incomplete
deposition of the energy of an X-ray entering the EDS detector.

3.1.11.1 Discussion—This peak is produced when an in-
coming X-ray excites a silicon atom within the detector crystal
and the resulting silicon (Si) K-alpha fluorescence X-ray exits
the detector crystal. It occurs at the principal peak energy
minus the energy of the Si K-alpha fluorescence X-ray (1.74
KeV). The escape peak intensity is about 1 to 2 % of the parent
peak.

3.1.12 extraneous material, n—material originating from a
source other than the specimen (synonyms: contaminant and
foreign material).

3.1.13 final aperture, n—last beam-restricting orifice in an
electron optical column.

3.1.13.1 Discussion—The orifice diameter influences the
beam current and depth of focus.

3.1.14 interaction volume, n—sample volume in which the
electron beam loses most of its energy.

3.1.14.1 Discussion—It is generally thought of as the vol-
ume in which detectable X-rays are produced. The actual
volume varies depending upon beam voltage, average atomic
number, and density of the sample.

3.1.15 live time, n—time in which the EDS electronics are
available to accept and process incoming X-rays.

3.1.15.1 Discussion—Live time is often expressed as a
percentage of real time.

3.1.16 microtomy, n—sample preparation method that se-
quentially passes a blade at a shallow depth through a sample
resulting in sections of selected thickness as well as a flat
block.

3.1.16.1 Discussion—Each may be used for the determina-
tion of sample characteristics.

3.1.17 particle analysis, n—analytical method intended to
determine the elemental composition of a single particle such
as a pigment particle in a paint layer.

3.1.17.1 Discussion—Usually performed with a static (non-
scanning) electron beam.

3.1.18 pulse processor time constant, n—operator-selected
value for pulse-processing time in which a higher value (longer
time) results in a more accurate determination of the detector
amplifier pulse height (better spectral resolution) and a lower
value results in a higher count rate but with reduced spectral
resolution.

3.1.19 raster, n—rectangular pattern scanned by the electron
beam on a sample.

3.1.19.1 Discussion—The raster dimensions change in-
versely with magnification.

3.1.20 representative sample, n—representative portion of
the specimen selected and prepared for analysis that is believed
to exhibit all of the elemental characteristics of the parent
specimen.

3.1.21 sample polishing, n—sample preparation method us-
ing progressively finer abrasives to achieve a flat, smooth
sample surface.

3.1.21.1 Discussion—Generally, this is required for quanti-
tative analysis.

3.1.22 scanning electron microscopy (SEM), n—type of
electron microscope in which a focused electron beam is
scanned in a raster on a solid sample surface.

3.1.22.1 Discussion—The strength of resulting emissions of
signals varies according to sample characteristics such as
composition or topography. As the electron beam of the SEM
scans the surface of a sample, a signal is continuously
registered by the imaging system which produces a two-
dimensional image of the sample on the display monitor. By
popular usage, the term SEM may also include the analytical
techniques EDS and WDS.

3.1.23 secondary electrons (SE), n—low-energy electrons
produced from the interaction of beam electrons and conduc-
tion band electrons of atoms within the interaction volume that
are produced throughout the interaction volume, but only those
near the surface have enough energy to escape.

3.1.23.1 Discussion—The secondary electron signal is typi-
cally used to form topographic images.

3.1.24 smear, n—transfer of paint resulting from contact
between two objects and consisting of comingled particles,
fragments, and possible pieces of one or both surfaces.

3.1.25 specimen, n—material submitted for examination.
3.1.25.1 Discussion—Samples are removed from a speci-

men for analysis.
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3.1.26 spectral artifacts, n—spectral peaks other than char-
acteristic peaks produced during the EDS detection process.

3.1.26.1 Discussion—Examples are escape peaks and sum
peaks.

3.1.27 spectral resolution, n—measure of the ability to
distinguish between adjacent peaks in an X-ray spectrum and it
is usually determined by measuring peak width at half the
maximum value of the peak height or full-width half-
maximum.

3.1.28 sum peak, n—peak occurring at the sum of the energy
of two individual peaks.

3.1.29 dead time, n—time during which the EDS is not able
to process X-rays.

3.1.29.1 Discussion—Dead time is typically expressed as a
percentage of real time during which the detector is not
collecting X-ray data.

3.1.30 system peaks (stray radiation), n—peaks that may
occur in the X-ray spectrum resulting from interaction of the
electron beam or fluorescent radiation with components of the
SEM itself

3.1.31 takeoff angle, n—angle between the specimen surface
and the detector axis.

3.1.32 transmission electron microscopy (TEM), n—type of
electron microscopy in which an image of a sample prepared as
a thin section is formed by the interaction of the beam passing
through the sample.

3.1.33 variable pressure scanning electron microscopy (LV,
CP, VP, ESEM), n—type of SEM that is designed to operate at
higher chamber pressure than the conventional in which the
need for application of a conductive coating is minimized when
using a variable pressure SEM; however, EDS may be com-
plicated because of the electron beam spread experienced at
higher operating pressures.

3.1.34 wavelength dispersive spectroscopy (WDS, WDXA),
n—X-ray spectroscopy that separates and identifies X-rays
based on their differences in wavelength.

3.1.34.1 Discussion—WDS is a complementary spectros-
copy to EDS.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 concentration, n—for the purpose of this guide, the

following ranges shall apply: major: greater than 10 %; minor:
1 to 10 %; and trace: less than 1 %.

3.2.2 sample size, n—for the purposes of this guide, the
following terms are used to describe sample size with the
actual size demarcation between each being somewhat arbi-
trary.

3.2.2.1 fragment, n—only within this guide, sample or
specimen smaller than approximately 0.2 mm.

(1) Discussion—If the material from which the fragment
originated was layered, then the fragment may also show a
layered structure with light microscopy inspection and SEM
analysis. A fragment is frequently not of sufficient size to
permit multiple tests.

3.2.2.2 particle, n—only within this guide, sample or speci-
men whose greatest dimension is less than approximately 50

µm.
(1) Discussion—Material of this size generally has none of

the overall structural characteristics that can be associated with
the material from which the particle originated. A particle is
generally not of sufficient size to permit multiple tests.

3.2.2.3 piece, n—sample or specimen larger than approxi-
mately 0.2 mm.

(1) Discussion—If the material from which the piece origi-
nated was layered, then the piece may show a layered structure.
A sample of this size is sufficient to perform all of the
suggested cross-sectional preparation and analytical methods.

3.2.3 thick section, n—for the purpose of this guide, a
sample that is 2 µm or thicker.

3.2.4 thin section, n—for the purpose of this guide, a sample
with a thickness of less than 2 µm.

4. Significance and Use

4.1 The SEM can be used to define and compare the layer
structure of multilayered samples, the structure of individual
layers, the bulk elemental composition of individual layers, and
the elemental composition of individual particulate compo-
nents within paints and coatings.

4.2 The test methods described in this guide may have some
limitations. They include the inability to detect elements in
trace concentrations, the need for a conductive coating of the
sample, the inability to remove a sample from most embedding
materials after analysis, and the discoloration of materials by
irradiation.

4.3 Although quantitative and semiquantitative methods are
available for EDS (see Guide E1508), they are not appropriate
for most paint analyses because of the typical heterogeneity of
paint. Application of quantitative methods is further compli-
cated by an inability to predict what compounds may be
present (see 7.12.1).

4.4 The information available from a specimen may dimin-
ish as its size is reduced and its condition degrades. The smaller
a specimen is, the less valuable it becomes for association with
a known because it may contain fewer characteristics of the
original material. As specimen size is reduced, it may no longer
be representative of the original material. This may also be true
of a degraded sample.

4.5 This guide is intended to advise and assist laboratory
analysts in the effective application of scanning electron
microscopy to the analysis of paint evidence. It is intended to
be applicable to most modern scanning electron microscopes
typically used in the forensic laboratory.

4.6 It is not the intention of this guide to present compre-
hensive methods of SEM. It is necessary that the analyst have
an understanding of SEM operation and general concepts of
specimen preparation before using this guide. This information
is available from manufacturers’ reference materials, training
courses, and references such as Scanning Electron Microscopy
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