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ABSTRACT

BACKGROUND: The forensic examination of explosive injuries caused by fragmentation hand grenades is currently of particular
interest because of high incidence and the lack of differential diagnostic criteria.

AIM: To examine the morphological characteristics of injuries associated with the detonation of defensive fragmentation hand
grenades F-1 and RGO.

MATERIALS AND METHODS: The present study was conducted by visual assessments and measurements, along
with observation, comparison, generalization, and systematization of the results obtained. Scanning electron microscopy
and energy-dispersive X-ray spectroscopy were performed using a Hitachi FlexSem1000 Il scanning electron microscope
and a Bruker Quantax 80 energy-dispersive X-ray spectrometer for microstructural analysis.

RESULTS: A detailed morphology of the explosive injury caused by the most commonly used defensive fragmentation hand
grenades at varying distances was analyzed.

CONCLUSIONS: The established morphological characteristics of the explosive injury caused by F-1 and RGO fragmentation
hand grenades suggest that the type of grenade and the distance to the explosion epicenter can be reliably determined
by the pattern of soot deposition, the number and morphology of tissue and biological object injuries. Scanning electron
microscopy and energy-dispersive X-ray spectroscopy revealed the typical chemical composition of the damaging elements.
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AHHOTALUA

O6ocHoBaHue. M3yueHue cyaebHO-MeAMUMHCKUX acneKToB B3pbIBHOW TPaBMbl, Bbi3BaHHOM MOpaaloLwmuMn akTopamm
Mpu B3pbIBE PYYHBIX OCKOMOYHBIX FPaHaT, B HAcTosALLee BpeMs NpeAcTaBnseT 0cobbln MHTepec B CBA3M € 60NIbLIOK YaCcTOTOM
BCTPEYaeMOCTH U OTCyTCTBUEM AnddepeHLManbHO-AMarHoCTUYECKUX KpUTEPHEB.

Lienb uccnepoBaHna — n3yuntb Mopdonornyeckne 6cobeHHOCTU MOBPEXAEHMIA, NOMYYEHHbIX NPU B3PbIBE PYYHbIX OCKO-
NOYHbIX rpaHaT obopoHuTenbHoro Tvna -1 u PTO.

Martepuans! u MeToAbl. ViccnefoBaHWe NpoBefeHO C UCMONb30BaHWEM BU3YarbHOMO U METPUYECKOr0 METO0B, a TaKKe Me-
TOAMK HabntofeHus, cpaBHeHMSA, 0606LLeHNA 1 cucTeMaTU3aumMy NoNyYeHHbIX AaHHbIX. [l aHanu3a MUKpOCTPYKTYpbl 06beK-
TOB MPUMEHEHbI CKaHMUPYIOLLAA 3IEKTPOHHAsA MUKPOCKOMUA U 3HEPrOAMCNIEPCUOHHBIN PEHTTEHOBCKMIA aHanu3, BbIMOHEHHbIE
C MOMOLLbI0 CKaHMPYIOLLLEro 3NIEKTPOHHOro Mukpockona Hitachi FlexSem1000 Il v 3HeproamcnepcMoHHOrO PeHTreHOBCKOro
cnektpoMeTpa Bruker Quantax 80.

Pesynbrartbl. [poBeaeH aHanu3 Mopdonornyeckux 0cobeHHOCTeH NOBPEXAEHUIA, MPUUMHEHHBIX NOpaXKaloLWMMKU GaKTopamMm
npu B3pbIBe Hanbonee YacTo MCMONb3yeMblX 060POHUTENBHBIX PYYHBIX OCKOMIOUHbIX FPaHaT Ha PasfiNyHbIX PacCTOAHUAX.
3aksioyeHmne. YctaHoBneHHble Mopdoniornyeckue 0CoBEHHOCTU NOBPEXAEHWUN, MPUUMHEHHBIX MOpaXalWwmMi (aKkTopamm
Mpy B3pbIBE PYYHbIX OCKONOYHbIX rpaHaT @-1 u PrO, cBUAETENbCTBYIOT, YTO MO XapaKTepy OT/IOKEHUS KOMOTH, KOJIMYeCTBY
1 MopdoNIorUM NOBPEKAEHUI TKaHU U BMONIOrMYecKOro 06beKTa MOXKHO [OCTaTOYHO TOYHO YCTAHOBMUTH TUM rPaHaThl U pac-
CTOSHWE [10 3NULIEHTPa B3pbIBa. CKaHMPYIOLLAA 3NEKTPOHHAsA MUKPOCKONMUSA U S3HEPrOAUCTIEPCUOHHBIA aHANM3 NO3BOJWIM Bbl-
ABUTb XapaKTepHBbIA XMMUYECKUI1 COCTAB MOPaKatLLMX 3/1EMEHTOB.

KnioueBble cnosa: B3pblBHAA TpaBMa; py4Hbleé O0CKOJI0YHbI€ FPpaHaThl; 0OCKOJI0YHbIE NOBPEX AEHUA.
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BACKGROUND

The incidence of injuries caused by explosions of various
explosive devices has been steadily increasing in recent
years [1-3]. Consequently, explosive injury remains a pressing
issue in forensic medicine. Currently, forensic pathologists
have limited tools to differentiate the type of explosive device
and determine the distance to the explosion epicenter based
on the morphological characteristics of injuries on the victim's
body and clothing. This underscores the need for further
research and the development of differential diagnostic
criteria for injuries resulting from the detonation of various
types of grenades [4-6].

Fragmentation hand grenades remain the most commonly
used explosive devices. They are categorized as:

« defensive
« offensive
« anti-tank.

Among defensive grenades, the most widely used are
the F-1 (time-delay defensive hand grenade) and RGO
(defensive fragmentation hand grenade).

The F-1 grenade has a cast-iron body shaped as an ellipsoid
with a wall thickness of 4-9 mm and features three
circumferential and eight longitudinal grooves. It contains
50-56 g of TNT as the explosive charge and is detonated
using UZRGM' (UZRGM?) fuzes. According to current scientific
sources, the explosion of this grenade produces approximately
1000 fragments weighing 0.1-1 g (with fragments over 0.8 g
comprising about 4%). The fragments are irregularly shaped
and disperse at a velocity of 700-800 m/s.

The total damage range is approximately 35-50 m,
with an effective damage range of about 4-5 m [7].

The RGO grenade has a steel body with pre-formed
fragmentation grooves. It is charged with approximately
90 g of TNT-RDX mixture and employs a UDZ? fuze. Upon
detonation, the grenade produces 650-700 fragments
weighing 0.4-0.45 g, dispersing at approximately 1200 m/s.
The total damage range is 50-100 m, while the effective
damage range is approximately 12-20 m [7].

AM

This work aimed to identify characteristic morphological
features of injuries to clothing fabric and a biological human
body simulator caused by the detonation of F-1 and RGO
fragmentation hand grenades.
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METHODS
Study Design

It was a single-center, cross-sectional, uncontrolled
experimental study.

Study Setting

Explosions of F-1 and RGO hand grenades were carried
out in the field at a specialized testing range. The primed
grenades were fixed in soil depressions and detonated
remotely using a braided cord attached to the fuze ring.
The biological target was a human body simulator, i.e. porcine
forelegs with skin intact (no hair or thermal treatment), fixed
to rigid particleboard substrates measuring 0.43 x 0.40 m.
Each biological target was wrapped in white cotton
fabric (calico) blended with up to 5% viscose, measuring
0.4 x 0.7 m. Explosions were performed at fixed distances:
in contact, and at 20, 50, and 100 cm from the target, which
was positioned 20 cm above the level of the explosive device.
A total of 24 targets were examined (3 per each test series).
Macroscopic and microscopic examinations were conducted
using a Hitachi FlexSem 1000 II® scanning electron
microscope (Hitachi HT, Japan) and a Bruker Quantax 80°
energy-dispersive X-ray spectrometer (Bruker Physik AG,
Germany). Scanning was performed in low-vacuum mode
(VP-SEM 30 Pa) at magnifications ranging from x45 to x650.
The accelerating voltage was 15 kV, the absorbed current was
600-800 pA, and the working distance was 12 mm. Spectra
were acquired automatically until statistically reliable data
(1 million counts) were obtained. Visual macroscopic analysis
included morphological assessment of grenade fragments,
determination of their elemental composition, and elemental
mapping (chemical element distribution maps). Prior
to scanning electron microscopy with energy-dispersive
X-ray spectroscopy, large soft tissue residues were removed
from the grenade fragments extracted from the biological
target, followed by double degreasing in acetone.

Ethics Approval

Ethics approval was not required as no laboratory animals
were used in this study.

Statistical Analysis

Sample size was not pre-calculated.

Statistical data analysis involved frequency assessment
of identical diagnostic findings. Feature prevalence was
calculated as the ratio of its frequency to the total number
of observations within the group and equaled 1. Statistical

! Universal Modernized Hand Grenade Fuze (UZRGM) is a fuze model containing a slow-burning, low-gas pyrotechnic composition with high combustion
stability, housed in an aluminum sleeve, and an azide detonator capsule enclosed in an aluminum casing.

2 Universal Modernized Hand Grenade Fuze-2 (UZRGM-2) is a fuze model equipped with a less hygroscopic delay composition, featuring a combustion

rate that is independent of ambient temperature.

% Impact-Time Fuze (UDZ) is a mechanical fuze designed for the detonation of fragmentation-blast hand grenades.
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processing of the elemental composition data of the fragments
was performed automatically using the software of the Bruker
Quantax 80® energy-dispersive X-ray spectrometer (Bruker
Physik AG, Germany).

RESULTS

A contact detonation of the F-1 grenade resulted
in fragmentation of the biological and fabric targets,
with fragments scattered within a radius of up to 14 meters.
Some fragments were not found. Recovered fragments
of cotton fabric with frayed edges measured between 2 x 1 cm
and 30 x 25 cm, and some showed continuous black soot
deposition. The biological fragments included soft tissue,
bone fragments ranging from 0.7 x 0.5 cm to 5 x 3 cm,
and soft tissue containing bone fragments. Some displayed
continuous black soot coverage (Fig. 1, a).

At a detonation distance of 20 cm, the F-1 grenade
caused uniform black soot deposition on both the fabric
and biological target. The cotton fabric sustained numerous
defects (35 +7), evenly distributed across the surface, ranging
in shape from round to stellate, and in size from 0.1 x 0.1 cm
to 1 x 0.7 cm. The defects had frayed, irregular edges
with central fabric loss. The biological target exhibited multiple
(> 40) blind-ended injuries of round or oval shape, ranging
from 0.1 x 0.1 cm to 0.7 x 0.5 cm, with peripheral black soot
deposition. Fragments retrieved from the distal ends of wound
tracks measured from 0.1 x 0.1 cm to 0.7 x 0.5 x 0.5 cm
(Fig. 2, a).

At 50 cm, the F-1 grenade produced continuous dark
gray soot deposition on the fabric and light gray soot
on the biological target. Through-and-through injuries
(17 + 3) of the fabric target, mainly in the middle and lower
thirds, were round, linear, stellate, or L-shaped, ranging
in size from 0.1 x 0.2 cm to 6.5 x 1.5 cm, with frayed
and mismatched edges. Multiple injuries in the biological
target (> 15-18) were primarily blind-ended (probability = 0.8)
and, less frequently, tangential (probability = 0.2), oval or

Vol 17.(1) 2025
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round in shape, measuring 0.2 x 0.3 cm to 5.5 x 4.5 cm. Soot
deposition was noted on periphery and along the wound tract
(Fig. 3, a). Fragments retrieved from the distal ends of wound
tracks measured 0.2 x 0.2 x 0.1 cm to 0.5 x 0.4 x 0.3 cm.

At a distance of 100 c¢m, the F-1 grenade produced
light gray soot deposition uniformly covered the target
surfaces. Through-and-through injuries (5 + 2) of the fabric,
primarily in the middle and lower thirds, were round or oval
with frayed, mismatched edges. Their dimensions ranged
from 0.4 x 0.6 cm to 1.2 x 0.8 cm. Notably, the lower third
of the fabric surface contained multiple (= 5) irregularly
rectangular dark gray metallic fragments, measuring
from 0.1 x 0.1 cm to 0.2 x 0.3 x 0.1 cm. The biological
target had 3-5 tangential or blind-ended injuries, oval or
slit-like, measuring 0.3 x 0.3 cm to 2 x 1.5 cm. Retrieved
fragments at the distal ends of the wound tracts ranged
from 0.4 x 0.2 cm to 0.6 x 0.5 cm.

Py 2 3] 4 5 6 7 8 9
IIII,IIII Illllllll HIIIIIII IIII|lIH IIII,IIII IIIlllllI IIIIIIIII IIII,lII[ lIIIlIIII IIIII

Fig. 2. View of fragments from F-1 and RGO grenades:

a, fragments extracted from a biological simulator of the human body
after the explosion of F-1 grenade at a distance of 20 cm from the target;
b, fragments extracted from a biological target after the contact explosion
of RGO grenade.

Fig. 1. A view of cotton fabric and fragments of a human body simulator during a contact explosion of F-1 (a) and RGO (b).
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A contact detonation of the RGO grenade resulted
in uniform black soot deposition on the fabric and biological
targets. The fabric exhibited lacerated damage with frayed
edges, with flap sizes ranging from 1.5 x 2.5 cm to 13 x 5 cm,
and a prominent defect measuring 12 x 8 cm. The biological
simulator revealed extensive injury with macerated, detached
wound edges and a pronounced soft tissue defect. Complete
oblique fractures of the bones without bone loss were
also observed (see Fig. 1, b). Multiple rectangular metallic
fragments measuring 0.5 x 0.5 x 0.1 cmto 2 x 1.5 x 0.1 cm
were embedded in soft tissues (see Fig. 2, b).

At 20 cm, the RGO grenade caused continuous gray soot
on the fabric and light gray soot on the biological target.
Multiple through-and-through injuries of the tissue target
(> 40), evenly distributed, displayed various outlines—
round, linear, or L-shaped. They measured 0.5 x 0.2 cm
to 65 x 1.5 c¢cm and showed mismatched edges.
Frayed and severed fibres of varying lengths were
present along the wound edges. The biological target
sustained > 22 through-and-through injuries, slit-like or
stellate, measuring 0.5 x 0.3 cm to 2.5 x 2.5 cm, with finely
undulating mismatched wound edges.

At 50 and 100 cm, RGO grenade detonations produced
no significant difference in soot deposition or wound

DOl https://doi.org/10.17816/fm16201
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Fig. 3. A type of biological simulator

of the human body: a, when an F-1
grenade explodes at a distance of 50 cm;
b, when an RGO grenade explodes

at a distance of 100 cm.

morphology. Patchy pale gray soot was noted on the fabric,
but was absent on the biological target. Isolated perforating
injuries (1-3), mostly in the lower third of the fabric, were
linear or L-shaped, measuring 0.5 x 0.3 cm to 3 x 1.6 cm,
with matched edges with frayed and severed fibres of varying
lengths. On the biological simulator, 1-3 injuries were
slit-like or irregularly oval, mostly superficial blind-ended
(probability = 0.8), and ranged from 0.5 x 0.3 cmto 3 x 2 cm.
The wound edges were relatively smooth but mismatched
(tissue defect), with peripheral gray soot deposition. Grenade
metal shell fragments retrieved from the distal ends of wound
tracks were quadrangular, 0.2 x 0.2 cm in size and 0.1 cm
thick, and exhibited magnetic properties (see Fig. 3, b).

Scanning electron microscopy and energy-dispersive
X-ray spectroscopy revealed characteristic surface features
and elemental composition of the grenade fragments. F-1
fragments primarily contained iron and carbon with traces
of aluminum, consistent with carbon steel. RGO fragments
were composed mainly of iron with minor zinc content.

Differential diagnostic criteria for injuries caused
by F-1 and RGO fragmentation hand grenades at varying
distances, along with fragment characteristics and elemental
composition, are summarized in Table 1.
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Table 1. Differential diagnostic criteria for damage caused by damaging factors during the explosion of F-1 and RGO hand fragmentation grenades

at various distances, fragments and their elemental composition

F-1 Grenade

| RGO Grenade

Contact detonation

« Target fragmentation

« Fragments consist of soft tissues, bone splinters, and mixed soft-tissue/
bone fragments

« Intense soot deposition

« Uniform black soot deposition across the entire surface

« Single extensive injury with macerated and detached wound edges

+ Pronounced soft tissue defect

« Complete oblique-transverse bone fractures without loss of bone tissue

Detonation at 20 cm

« Uniform, continuous soot deposition

« Multiple (=40) blind-ended injuries

+ Round or oval shape with central tissue loss
« Injury dimensions: 0.1 x 0.1t0 0.7 x 0.5 cm
« Peripheral black soot deposition

« Uniform gray soot deposition

+ Multiple (>22) through-and-through injuries
« Slit-like or stellate in shape

+ Injury dimensions: 0.5 x 0.3t0 2.5 x 2.5 cm

« Finely undulating, mismatched wound edges

Detonation at 50 cm

« Continuous dark gray soot deposition

« Multiple (>15-18) blind-ended or tangential injuries

+ Round or oval shape

« Injury dimensions: 0.2 x 0.3t0 5.5 x 4.5 cm

« Black soot deposition on periphery and along the wound tracts

« Patchy pale gray soot deposition

« Isolated (1-3) superficial blind-ended or through-and-through injuries
« Slit-like or irregularly oval in shape

+ Injury dimensions: 0.5 x 0.3t0 3 x 2 cm

« Relatively smooth but mismatched wound edges

« Gray soot deposition at the wound periphery

Detonation at 100 cm

« Uniform light gray soot deposition

« Isolated (3-5) tangential or blind-ended injuries
« Oval or slit-like with central tissue defect

« Injury dimensions: 0.3 x 0.3to 2 x 1.5cm

« Injuries exhibited similar characteristics to those observed at 50 cm
detonation distance

Fragment characteristics

« Various geometric shapes
« Various sizes

« Predominantly quadrangular in shape
» Size:05cm

Elemental composition of fragments

« Iron (Fe)
« Carbon (C)
« Aluminum (Al)

« Iron (Fe)
« Zinc (Zn)

DISCUSSION

This experimental study demonstrates that both
the distance to the explosion epicenter and the type
of explosive device can be determined based on the pattern
of soot deposition and the morphological characteristics
of damage to fabric and biological targets. These findings
may be applied to forensic investigations of injuries sustained
from the detonation of defensive fragmentation hand
grenades (F-1 and RGO).

CONCLUSION

This experimental study established the distinct features
of soot deposition and the morphological characteristics
of injuries to cotton fabric and a biological human body
simulator caused by the detonation of F-1 and RGO defensive
grenades. Scanning electron microscopy and energy-
dispersive X-ray spectroscopy revealed the typical chemical
composition of the grenade fragments.
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