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ABSTRACT: Small fragments of human temporal bone from skeletal remains were examined
to identify radiopaque particles associated with the bone. Scanning electron microscopy, X-ray
energy dispersive analysis, and electron probe microanalysis were used in examining both ex-
ternal bone surfaces and the internal bone areas that were exposed by cutting sections through
the bone fragments. Elemental analysis of the bone surface showed aluminum, silicon, chlorine,
potassium, calcium, and iron. Electron probe X-ray mapping of radiopaque particles embed-
ded in the bone identified lead as the major element and antimony as the minor element. This
method is useful for elemental analysis of micrometre-sized particles found in or on calcified
tissues.
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Compared to the light microscope, the scanning electron microscope (SEM), with its
improved resolution, depth of focus, and ease of sample preparation, has proven an ideal
instrument for the examination of the surfaces of optically opaque objects. Characteristics
of bullet striations [I] and calcified tissue [2,3] have been the subjects of several SEM
reports. In addition to morphological details, elemental composition of specimens can be
determined by an X-ray energy dispersive detector coupled to an SEM or by electron
probe microanalysis. Both have been used in the elemental analysis of microscopic samples
with forensic science importance, such as paint chips [4], gunshot residue [5], and bullet
particles {6].

These instruments were used in a coroner’s case involving human skeletal remains in
cardboard cartons that also contained damp earth, vegetation, and pieces of fabric. The
bones and bone fragments were placed in anatomical arrangement, itemized, and photo-
graphed. Both physical examination and clinical X-ray examination of the skeletal remains
and other material in the cartons were performed, but no bullet was found. Of particular
interest to this study was a fragmented piece of the petrosal portion of the left temporal
bone. The margins of a defect in this bone fragment were examined by SEM and X-ray
analysis to identify small radiopaque particles associated with the bone.
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Materials and Methods

Two portions (about S by S mm) of the fragment of the left temporal bone that contained
the radiopaque particles were removed with a #2 round dental bur. A fine jewelet’s saw
may also be used for removing small pieces of bone. The isolated samples were then
X-rayed (Kodak ultra-speed-D film exposed at 65 kV and 15 mA for 0.5 s), glued to
aluminum sample stubs, and vacuum-coated with carbon (50 nm thick). The samples
were examined in a Cambridge S4-10 SEM with a Kevex energy dispersive detector and
Nuclear Data analyzer. The SEM was operated at 20 kV with the sample tilt and rotation
optimized for X-ray collection. Following the microscopy and analysis of the surface of the
samples, they were embedded in an epoxy resin [7] and cured for 24 h at 60°C. The em-
bedded bone was then sliced into 200-pm-thick sections with a water-cooled saw equipped
with a 76-mm-diameter by 0.38-mm-thick (3- by 0.015-in.) rubber-bonded silicon carbide
wheel (Allison-Campbell Co., Shelton, Conn.). The sections were placed in sequence on
X-ray film and exposed for 0.2 s at 65 kV and 15 mA (Fig. 1a). Those sections of bone
that contained radiopaque particles were prepared for the SEM as previously indicated.
Selected sections were also examined at 80 kV in an electron microprobe (Materials

FIG. 1—(a) X-ray of sections of bone fragments. Some of the sections show small, dark, radiopaque
particles. (b) Energy dispersive analysis from the surface of the bone fragment. (c) Scanning electron
micrograph of section of bone fragment containing a radiopaque particle that appears as the brighter
ovoid area near the top of the bone section. (d) Energy dispersive analysis of the radiopaque particle
embedded in the bone. (¢) Scanning electron micrograph of section of bone fragment with the radio-
paque particle in the center. This same area was used for X-ray mapping (Fig. 2).
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Analysis Co., Model 400 S). For calcium (Ko ) and antimony (Leey), the lithium fluoride
analyzing crystal was used, and the ammonium di-hydrogen phosphate analyzing crystal
was used for the lead (Ma;). The X-ray mapping was done at the same magnification
(X220) and for the same time (5 min) for all analyzed elements.

Results and Interpretation

The surface of the bone was examined in the SEM to determine the location of the
radiopaque particles and the nature of any contaminating material derived from the en-
vironment in which the bones were found. Energy dispersion analysis (Fig. 1b) showed the
following keV Koy peaks with the element in parenthesis: 1.48 (aluminum), 1.74 (silicon),
2.62 (chlorine), 3.31 (potassium), 3.69 (calcium), and 6.40 (iron). The calcium is due to
the hydroxyapatite crystals that form the calcified portion of bone. The aluminum is from
the aluminum stub that was used to mount the samples. The silicon, chlorine, potassium,
and iron may be due to the sand and salts present in the soil where the bones were found.
The iron may also be part of the hemoglobin from red blood ceils. No lead peaks were
detected by energy dispersion analysis on the bone surface.

After the surface examination, the bone samples were cut and the sections exhibiting
radiopaque areas (Fig. 1a) were reexamined to analyze their cut surfaces in the SEM. The
50- to 100-um dense areas on the clinical X-rays appeared in the SEM as regions that were
brighter than the surrounding bone (Fig. 1c). The bone was compact with small vascular
channels present on the cut surface. When examined by energy dispersion analysis (Fig.
1d), the bright areas showed a strong peak for lead (2.35 keV for Mqy). It could not be
determined whether antimony (3.61 keV Loy ) was present because the calcium (3.69 keV
Kay) in the surrounding bone had a similar kiloelectron voltage.

The same sample was analyzed in the electron microprobe. The area that was used for
X-ray mapping is seen in Fig. le, with the brighter embedded material bisecting the
central area of the micrograph. X-ray mapping for calcium (Fig. 2) matched the region
of compact bone, whereas the X-ray mapping for lead showed a heavy distribution over
the embedded radiopaque particle. When the electron microprobe was focused on the Lo
peak for antimony, a distribution was seen over the same area as that observed for lead.
To show that the X-rays for antimony were significantly above background, the electron
microprobe spectrometer was defocused. Figure 2, upper right, is the result and shows
“background” radiation. The data presented as X-ray mapping are not strictly quantitative
[8.9]; however, they demonstrate that the radiopaque particles embedded in bone are
primarily lead with a small percentage of antimony.

Discussion

Radiopaque particles are usually of sufficient size, number, and density to be easily
observed on clinical X-rays [/0]. When these particles are seen adjacent to entrance
wounds, they are automatically assumed to be bullet fragments associated with a gunshot
wound. However, in cases where a bullet is not recovered and the area of the wound is
altered by decomposition of the soft tissue or fragmentation of the calcified tissues, a more
definitive identification of small radiopaque particles is useful to establish that they are
indeed fragments of bullets.

A previous study using energy dispersive analysis has shown X-ray mapping of lead
along the bony defects of an entrance wound [/1], and lead has also been detected by the
same method on the skin surrounding an entrance wound [72]. This study, however, is
the first to report the presence of both lead and antimony in bone-embedded radiopaque
particles detected by X-ray mapping analysis. The amount of antimony found is consistent
with the 1 to 2% present in bullets manufactured by a variety of companies [13, 14]. For
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FIG. 2—Electron probe microanalysis using X-ray mapping of area shown in Fig. le. The calcium
(Ca) is distributed in the bone, the lead (Pb) and antimony (Sb) are distributed in the radiopaque
particle; the top right section shows “background’ radiation.

some of the other trace elements (copper, tin, silver, and aluminum) found in bullets,
neutron activation analysis has been effectively used [/4], but it cannot be conveniently
used to identify lead [15].

If only lead needs to be identified, the SEM/energy dispersive analysis is sufficient; but
if antimony is to be identified, a problem exists when the bullet fragment is embedded in
bone. The calcium Ka; (3.69 keV) and the antimony Loy (3.61 keV) interfere with each
other because of the relatively poor resolving power (0.15 keV) of the solid-state detectors
[9,16]. In this study, the electron microprobe was used for the identification of antimony
because its resolution (0.015 nm) is sufficient to resolve calcium Keoq (0.335 nm) for
antimony Loy (0.343 nm).

When the radiopaque particles are very small (< 100 pm), they are difficult to distinguish
on a clinical X-ray, but in the SEM they are readily located as areas brighter than the
surrounding bone (Figs. 1c and e). This is due to the large difference in atomic number
between the element lead and the elements calcium and phosphorus, which are the major
elements in calcified tissues. Both the secondary electrons from the sample and the
“back-scatter” electrons from the electron beam contribute to the elemental difference
observed on the SEM micrographs [9].

The presentation of the electron microprobe data as X-ray mapping (Fig. 2) not only
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clarifies the relative proportion of lead and antimony present, but it also characterizes
their location within the calcified tissue. Further, when the elemental analysis is presented
as X-ray mapping, it has additional value as evidence because it is quickly interpreted by
the nonscientist, whereas kiloelectron volt numbers, wavelengths in nanometres, and
graphs are often difficult to understand without extensive explanations.
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