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Abstract After contact shots to the head biological traces
can be found inside firearm barrels. So far silicone coat-
ed, gelatin filled box models were used to generate such
staining according to the triple contrast method (mixture
of acrylic paint, barium sulfate and blood sealed in a thin
foil bag). This study was conducted to develop a trans-
parent ballistic model allowing contact shots. Gelatin
filled polyethylene bottles with and without a silicone
coat were tested in comparison to non-covered gelatin
blocks. Finally, thin foil bags of 5 cm x 5 cm dimension
were glued on a synthetic absorbent kitchen wipe on top
of which 1 L 10% gelatin solution was molded to create
blocks of 8.5 cm length. A kitchen wipe with a paint pad
on its inside formed the front of the cube. Three contact
shots each with a 9 mm Luger pistol and a .38 special
revolver were performed on all model variations. The
staining was documented by endoscopy and swabs gath-
ered from both ends of the barrel were analyzed by
quantitative PCR. Reliable staining was achieved using
the front covered gelatin block with comparable results
to the silicone coated box model used before. For further
research using ballistic models to simulate a human head
a symmetric form of the gelatin block such as a cube is
recommended.
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Introduction

Suicides using firearms are mostly committed with close con-
tact of the weapon with the head or the body. Therefore the
resulting gunshot wounds often have, depending on the am-
munition and weapon, an atypical aspect because of the muz-
zle gas pressure. However, backspatter on the hands of a de-
ceased can only be found in some of these cases. The reason
for these heterogeneous findings is not currently known. After
contact shots, ejected organic material can also be found on
and inside the firearm. Systematic endoscopy of firearm bar-
rels after contact shots revealed organic stains which could be
confirmed and individualized by DNA analysis [1-4]. These
findings also vary widely. Systematic experimental studies
were initiated to reproduce staining inside the barrel. In a first
approach, it was found that silicone coated models could gen-
erate the required traces [5]. The experimental procedure was
refined by introducing the “triple contrast method” [6] first
realized with silicone covered small polyethylene (PET) bot-
tles. The liquid mixture of three compounds in a thin foil bag
generated detectable staining: acrylic paint for optical inspec-
tion of the barrels using endoscopy [4], human blood for de-
tection of invisible traces using PCR, and radiocontrast agent
for the radiographic control of material transport within the
target models. In further experimental studies this method was
successfully applied to silicone covered plastic boxes [7, 8].
The silicone coat facilitated close contact shots, but the
non-transparency of the models did not allow the recording
of the processes inside the model using high speed video. The
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objective of the following study was to develop a transparent
ballistic model that generated the staining inside the barrels
after contact shots.

Material and methods

According to the triple contrast method [6] 2 ml heparinized
human blood, 2 ml acrylic paint (CPM, Erkrath, Germany) and
1 ml barium sulfate-based radiocontrast agent Micropaque®
(Guerbet, Brussels, Belgium) were mixed and sealed into thin
5 x 5 cm? foil bags. Blood samples were taken by venipuncture
donated by adult, informed, consenting volunteers. The study
design was approved by the ethics committee of the University
Hospital Bonn.

Five ballistic models, derived step by step from the preced-
ing model, were investigated.

A. Anplasticbox (12 cm % 10 cm x 9 cm, polypropylene): the
foil bag was attached on top of the lid of the box, covered
with a 3-4 mm-thick layer of silicone and stored at 4 °C
for 16 h. Finally, the boxes were filled with 1 1 of 10%
gelatin ‘Ballistic III’ (Gelita, Eberbach, Germany) and
stored at 4 °C for another 48 h.

B. A 1.5 L PET-bottle of 8 cm diameter: the foil bag was
attached on the outer surface, then the bottle was covered
with a 3-4 mm-thick layer of silicone and stored at 4 °C
for 16 h. After that the bottles were filled with 1 1 of 10%
gelatin and stored at 4 °C for another 48 h.

C. A 1.5 L PET-bottle of 8 cm diameter: the foil bag was
attached inside, then the bottle was covered with a 3—
4 mm-thick layer of silicone and stored at 4 °C for 16 h.
After that the bottles were filled with 1 1 of 10% gelatin
and stored at 4 °C for another 48 h.

D. A 1.5 L PET-bottle of 8 cm diameter: the foil bag was
attached inside, then the bottles were filled with 1 1 of
10% gelatin and stored at 4 °C for 64 h.

E. A gelatin block: the foil bag was flattened by a gauze and
glued on a synthetic absorbent kitchen wipe on top
of which 10% gelatin solution was molded to create
blocks (12 cm wide, 10 cm high, 8.5 cm long). The kitch-
en wipe with the paint pad on the inside formed the front
of the cube (Fig. 1).

Six close contact shots were performed on the models A —
E, three each using a semi-automatic pistol Beretta 92FS, a
9 mm calibre Luger, and a Ruger Security-Six, .357 calibre
Magnum revolver, respectively. The following non deforming
subsonic ammunition was chosen:

* 9 mm Luger full metal jacket bullet (Fiocchi, Lecco, Italy),
bullet weight 10.2 g, average velocity (n = 10) 264 m/s,
average kinetic energy 355 J.

—f‘ﬂ“g

Fig. 1 Top of the gelatin block after contact shot. The yellow kitchen
wipe bonded strongly to the gelatin had to be removed by force. On the
inside the red paint pad is visible, the gauze remains in the gelatin

» .38 special lead round nose bullet 10.2 g (Magtech, Lino
Lakes, USA), bullet weight 10.2 g, average velocity
(n =10) 233 m/s, average kinetic energy 277 J.

In part, the contact shots could be documented using a
SA-X2 high-speed camera with 20.000 fps (Photron Europe
Ltd.,WestWycombe, UK).

Endoscopy of the barrels was performed using a 21.5 cm
long ‘Technoscope’ (Karl Storz, Tuttlingen, Germany) with a
70° side view resp. a 43 cm-long Hawkeye borescope
(Gradient Lens Corporation, Rochester, New York) with a
0°-view optic [4]. Two independent investigators were asked
to estimate the intensity of staining in the anterior and poste-
rior part of the barrel using four categories:

* 0 no visible trace

» 1 visible colored trace only

* 2 morphologically classified trace
* 3 intensive or extended staining

Using DNA-free cotton swabs moistened with sterile,
desalted water the inner surface of the barrel of the firearm
was wiped. Samples were collected from the anterior and the
posterior part separately [6, 8]. DNA extraction, quantification
and detection of PCR was performed according to a previous-
ly published procedure [6]. Contamination between individual
shots was avoided by cleaning each gun thoroughly with bar-
rel cleaners of woolen felt, oil and DNAEXxitusPlus™. All
guns were endoscopically controlled. This procedure proved
to be sufficient to quantitatively remove any traces of typeable
DNA from the barrel [6].

The target models were documented by computed tomog-
raphy [6, 8]. Silicone and /or plastic covers were then removed
and the gelatin cores cut in serial slices of 1 cm thickness
perpendicularly to the bullet path. Wound ballistic analysis
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was performed according to the previously published
procedure [9].

Results

A. The study started with the previously established target
model consisting of a silicone coated, gelatin filled,
12 cm x 10 cm X 9 cm plastic box (model A, Fig. 2).
After contact shots with both pistol and revolver, reliable
staining inside the barrel was observed (Table 1) as de-
scribed in previous publications [7, 8].

B. In a first step the container was exchanged for a 1.5 L
PET-bottle. The foil bag containing the dye mixture was
fixed on the surface of the bottle (Fig. 3) and then covered
with silicone in analogous way to model A. Using model
B, the staining results yielded in the anterior part of the
barrel were comparable to those of model A (Table 1).
However, staining in the posterior part was less distinct
than with model A, and for the revolver the staining was
even invisible and only detected by quantitative PCR.

C. Inasecond step the foil bag was glued on the inside of a
1.5 L PET-bottle which was subsequently covered with
silicone (model C). The modification of placing the foil
bag on the inside had already proved successful with
model A [7]. However, five of six barrels neither showed
any visible traces after contact shots, nor provided typable
DNA. The radiological control by computed tomography
revealed that the foil bag did not have tight contact to the
inner surface of the bottle (Fig. 4). To flatten the foil bag
on the curved inside of the bottle a gauze was used to glue
and fix it over a greater area. The series with model C was
now repeated and showed better optical staining
(Table 1), even if the quality did not reach the level of
model A or B. Astonishingly, DNA yield was comparable
to model B. This was the reason we continued backspatter
research based on PET-bottles.

Fig.2 Contact shot to model A. The plastic box ballooned in all directions.
The original contact of the firearm with the target is deposited in the
background
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D. For model D we abstained from the sight hampering sil-
icone coating (Fig. 5). The foil bag was placed on the
inside of the PET-bottle as performed for model C. The
results given in Table 1 demonstrate that it was possible
to generate staining comparable to the other bottle models
(B and C). Hence, the silicone covering was not neces-
sary to obtain staining results inside the barrels. Because
of the transparency of this target model, high speed video
could be recorded. However, the rounded surface of the
target hampered/obstructed the perpendicular sight on the
foil bag to observe the interaction between muzzle gases
and medium (Fig. 5).

E. As a result of our experiments we returned to using the
ordinary gelatin block. However, the dye foil bag which
in previous experiments had been simply embedded in
the front of the block [9] had to be covered before contact
shots could be performed. The covering material had to
form a unit with the gelatin block (Figs. 1 and 6). After a
series of trials, synthetic absorbent kitchen wipe (about
1.5 mm thick, 60% viscose, 20% polyester, 20% polypro-
pylene) was found to be simple and reliable for this pur-
pose. The kitchen wipe was glued on the base of a mold.
Then, the foil bag was flattened and glued on the kitchen
wipe with a gauze. After 24 h of storage at 4 °C the 10%
gelatin solution was filled into the mould. In this study the
volume of the gelatin block was adapted to the di-
mension of the other models (12 cm x 10 cm x 8.5 cm
depth = approximately 1 L). High speed video doc-
umentation showed that muzzle gases entered the
block without significant loss. The development of
the temporary cavity could be followed without any prob-
lem using a high speed camera (Fig. 6). The reliable stain-
ing results inside the barrels were comparable to the re-
sults obtained with model A, the silicone coated plastic
box (Table 1).

The test shots were performed with two different types of
handguns which generated similar staining results, demon-
strating the reproducibility of the phenomenon indepen-
dently of the individual firearm. The results of quanti-
tative PCR showed that even in endoscopically poor or
negative findings, traces could be detected. Especially in
the posterior part of the barrel where staining regularly de-
creased, a correlation of optical assessment and DNA yield
could not be established.

Analysis of the target models

The gelatin slices were analyzed using Fackler’s wound pro-
file (adding the lengths of the two longest cracks). Within each
series of three shots to the bottles with the same firearm and
ammunition, the profiles of the individual shots were similar,
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Table 1

Target model design, staining inside the barrel, and results of quantitative PCR. The results are given for the anterior and the posterior part of

the barrel. Staining indicates the optical assessment by endoscopy graduated from 0 to 3.

Model structure Type of Staining DNA concentration
Model type firearm : . . [ng/ul] .
S C G anterior posterior anterior posterior
1| A-Box PP Revolver XXX XX 0.4614 0.0050
2 PP Revolver XXX 0 0.0167 0.0022
3 PP Revolver XX X 0.0378 0.0233
4 PP Pistol XXX X 1.9490 0.0215
5 PP Pistol XXX XX 0.0467 0.0091
6 PP Pistol XX X 0.1993 0.0293
7 | B - PET bottle PET Revolver XX 0 0.1215 0.0105
8 PET Revolver XX 0 0.1440 0.0004
9 PET Revolver XX 0 0.0655 0.0008
10 PET Pistol XX X 0.0404 0.0014
11 PET Pistol XXX XX 0.0263 0.0006
12 PET Pistol XXX X 0.2043 0.0077
13| C - PET bottle PET Revolver XX 0 0.4357 0.0007
14 PET Revolver XX 0 0.0281 0.0000
15 PET Revolver XX 0 0.1092 0.0011
16 PET Pistol XX X 0.0166 0.0110
17 PET Pistol XX 0 0.0254 0.0002
18 PET Pistol XXX X 0.2202 0.0011
19| D - PET bottle PET Revolver XX 0 0.7433 0.0010
20 PET Revolver XX 0 0.5196 0.0005
21 PET Revolver XX 0 0.1452 0.0013
22 PET Pistol X 0 0.6660 0.0011
23 PET Pistol XXX X 0.2627 0.0007
24 PET Pistol XXX X 4.6160 0.1435
25 | E - Gelatin block kw Revolver XXX XX 12.4900 0.5340
26 kw Revolver XXX XX 1.7650 0.0368
27 kw Revolver XXX XX 3.8890 0.0478
28 kw Pistol XXX XX 4.8100 0.3491
29 kw Pistol XXX XX 1.0720 0.0031
30 kw Pistol XXX XX 0.6974 0.0014

S—silicone coat, C—casing material, G—gelatin, D—paint pad, PP—polypropylene, PET—polyethylene terephthalate, kw—kitchen wipe

which allowed for them to be averaged. The values measured
in the plastic box and in the gelatin block varied more. The
results of the different target models showed differences
(Fig. 7). The biggest difference was observed between the
rectangular models (A and E) and the PET-bottles (B — D).
However, the results for the three variations of PET-bottles
were not identical either (Fig. 7). The propagation of dye
within the bullet track and the cracks was observed for the
model types C and D where the paint pad was mounted inside

the bottle, while in model B (paint pad on the bottle surface),
the cracks were practically not colored by dye. As a conse-
quence of this the contrast in CT imaging was also low. The
cracks in the gelatin left by the temporary cavity were longer
in the bottle model without a silicone coating (D). By contrast,
the gelatin cracks in the unconstrained gelatin block (model E)
reached approximately the same length as those in the silicone
coated plastic box. Figure 8 shows the cumulated wound pro-
file for each model, averaged over the three shots performed.

@ Springer



192

Forensic Sci Med Pathol (2017) 13:188-195

Fig. 3 CT image of model B after volume rendering. The bullet track is
traceable from the pad (left upper corner) to the right lower corner

The values for model C are not shown because the results
were practically identical and the curves overlapped fully.

Fig. 4 CT image of model C (paint pad on the inside of the bottle). The
paint pad was not correctly flattened on the inner surface

@ Springer

Fig. 5 Non-silicone covered PET-bottle (model D). The contour of the
bottle before shooting is illustrated to show the minimal expansion of the
target model despite the marked temporary cavity

Discussion

Briining and Wiethold were the first to describe biological
material inside suicide weapons [10]. Since 2003, using rigid
borescopes, we have systematically inspected gun barrels after
suicidal contact shots and have observed biological traces in
some cases. With sterile DNA-free swabs samples were taken
from both ends of the barrel and analyzed using PCR, which
allowed us to identify the victim in most cases [1-3, 11]. With
the ongoing devlopment of biogenetical analysis it was
possible to perform DNA-RNA-coextraction and to detect
organ specific RNA from remains inside the barrel. So far, it
has been successfully demonstrated for blood and brain resi-
dues [12, 13].

Within a research project funded by the Swiss National
Scientific Foundation the conditions in which biological ma-
terial is transferred into the barrel were experimentally inves-
tigated. Therefore it was necessary to find a target model

Fig. 6 Gelatin block (model E) after shot in movement. Despite the
enormous torsion of the target model the kitchen wipe remains
connected. In the background the temporary cavity is visible
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Fig. 7 Fackler’s wound profile
(WP) after contact shots with the

Ruger revolver for each model

——A - covered box
e

N\

E - gelatin block

=
=

—D - uncovered PET
pad inside

I

o

——C - covered PET
pad inside

——B - covered PET

pad outside

generating backspatter and staining inside the barrel. In a first
approach acrylic hollow spheres were filled with gelatin. A
thin foil bag containing blood was mounted on the surface and
covered with silicone [5]. Although the model generated
blood traces inside the barrel after a contact shot, it was not
possible to perform a morphological analysis by endoscopy.
To create endoscopically visible staining blood was mixed
with acrylic paint. This method was introduced as the “triple
contrast” method, because a third component, barium sul-
phate, was also added. This radiocontrast agent allowed for
non-destructive examination of the target models before and
after shooting by computed tomography. The proof of princi-
ple was performed using a minimalistic model of a silicone
covered 0.5 L polyethylene bottle [6]. Later the volume of the
model was extended to a silicone covered plastic box contain-
ing about 1 L of gelatin in order to approximate the size of a
human brain. This target model was successfully used to gen-
erate staining inside barrels of different types of firearms [7,
8]. The present study was initiated to find an improved target
model allowing for observation of the processes occurring
inside the model during the contact shot.

3 4 5 6 71 8
Bullet track [cm]

Step by step, the silicone covered plastic box (A) was mod-
ified to a new target model (E). Initially the silicone coating
seemed essential for sealing, allowing muzzle gases to be
introduced into the model. Therefore the next model, a 1
Liter PET-bottle containing gelatin (B), was designed in anal-
ogy to the plastic box (A), the paint pad covered by silicone on
the outside of the model. However, this model did not reach
the same quality and reliability of staining, especially in the
posterior part of the barrel, as the box model. Nevertheless, it
was possible to demonstrate that the PET-bottle model worked
as well if the paint pad was mounted inside the primarily
silicone covered bottle (C). In the next step, a series of six
shots documented that the non-silicone covered PET-bottle
with a paint pad inside (D) also generated staining inside the
barrels. Wound ballistic analysis of the models (B — D) re-
vealed that the silicone coating as well as the polyethylene
casing constrained the expansion of the model so that the
energy transfer provoked only poor cracking of the gelatin.
This could be confirmed by high-speed video footage. Despite
the deployed energy, none of the PET-bottles were lacerated.
In contrast the plastic boxes (A) used before were broken after

Beretta

——A - covered box

E - gelatin block

—D - uncovered PET
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Fig. 8 Cumulated wound profile 300
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the shots. High-speed video documented not only a balloon-
ing of the silicone coat covering the entry and the formation of
a powder cavity [7], but also an expansion of the entire model
in all directions (Fig. 2). For this reason it was decided to
abstain from all constraining elements and to find a way to
embed the paint pad in front of the gelatin block. Previous
experimental shots on such blocks had been performed from
5 m distance [14], but contact shots would be very messy.
After having tested a multitude of cover materials, a
simple absorbent kitchen wipe was found to seal reli-
ably the front of the block, forming a unity with the
gelatin and covering the paint pad. Using gauze, the thin foil
bag was flattened and fixed to the kitchen wipe (Fig. 1).
This new target model (E) generated reliable staining inside
the gun barrels after contact shots and allowed for high-speed
video documentation.

Wound ballistic analysis of the free gelatin block revealed
the typical aspect of the cracks left by the temporary cavity.
The dye was propagated along the bullet path entering in the
gelatin cracks. Astonishingly, the cracks in the box model (A)
seemed somewhat longer than in the free block (Fig. 7). This
cannot be explained by the dimension of the models, which
was identical. Longer cracks indicate a greater energy transfer
which could be conceivable because the box, which had
a higher resistance, had to be broken. In contact shots
to short target models with non-deforming bullets the
energy transfer of the bullet is secondary to the influence of
the muzzle gas pressure. However, the behavior of the bullet
could be different if the plastic of the box model has to be
penetrated. In other experiments using Synbone plates this
influence has been observed.

The experiences in the present study seemed to indicate an
influence of the geometrical form of the target model.
Therefore, a gelatin block as a substitute for a head model
should be molded as a cube with 11 cm (1.3 kg) or 12 cm
(1.7 kg) length to approach a realistic brain size. The greater
variation of wound profiles in the rectangular models (A and
E) could be caused by the resistance of the underlying mate-
rial. The target models were simply placed on the table. With
respect to the reduced height of these models (10 cm) the
bullet path in the middle was relatively close to the bottom.
Riva et al. [15] has shown that this distance is uncritical for
deflection of the bullet, but nevertheless, the expansion of the
temporary cavity could have been constrained. The problem
of supporting small ballistic target models should be investi-
gated in future experiments.

Key points
1. All tested models, namely gelatin filled boxes,

PET-bottles and gelatin blocks, were prepared according
to the triple contrast method and generated staining inside
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the firecarm barrels after contact shots, which decreased
from the muzzle to the rear end of the barrel.

2. Silicone coating of the models was not necessary to gen-
erate staining.

3. By covering the front of a gelatin block using an absor-
bent kitchen wipe, muzzle gases in contact shots could
penetrate the target model and staining inside the barrel
could be reliably generated.

4. The cube form of the transparent gelatin block facilitates
observation using high-speed video recording and wound
ballistic analysis.
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