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Resumo 
 

 

A identificação de ferimentos provocados por armas de fogo, especialmente em 

cadáveres em avançado estado de decomposição, é uma tarefa complexa. A capacidade 

de detetar e identificar quimicamente resíduos de disparo (GSR) em torno de uma lesão 

que se suspeita ter resultado da passagem do projétil constitui um desafio para a 

patologia forense. 

  Face a esta dificuldade, real, da prática pericial e tendo em conta que muitas 

vezes o cadáver se apresenta colonizado por larvas de insetos, este estudo tem como 

principal objetivo relacionar a distância de disparo com a concentração dos 

componentes metálicos mais comuns dos GSR ([chumbo (Pb), antimónio (Sb) e bário 

(Ba)]) nas larvas de insetos de ordem Diptera (família Calliphoridae) que se 

alimentaram em tecidos não humanos sobre os quais foram feitos disparos 

experimentais a distâncias previamente determinadas.  

Foram realizados disparos experimentais com uma pistola Glock modelo 17, de 

calibre 9x19mm, munições do mesmo calibre de marca Geco, com bala de 124gr. FMJ 

(Full Metal Jacket), a distâncias de 3, 20, 40, 60, 80 e 100cm sobre retalhos musculo-

cutâneos retirados de carcaça de porco (Sus domesticus) de 15x6cm, de maiores 

dimensões. Após os disparos, grupos de larvas (n=10) foram deixadas a alimentarem-se 

na superfície dos retalhos musculo-cutâneos e, no segundo estágio de desenvolvimento, 

foram sacrificadas. As larvas foram digeridas com ácido nítrico (HNO3) e peróxido de 

hidrogénio (H2O2) num sistema de digestão por micro-ondas e as soluções resultantes 

foram analisadas por espectrometria plasma-massa (ICP-MS) para quantificação de Pb, 

Sb e Ba. 

Foi possível determinar a concentração por ICP-MS dos três elementos químicos 

(Pb, Sb e Ba), nas larvas de ordem Diptera que foram colocadas nos retalhos musculo-

cutâneos sobre os quais se efetuaram os disparos experimentais a diferentes distâncias. 

Verificou-se que a concentração destes elementos diminuiu em função da distância de 
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disparo podendo-se, por regressão linear, ajustar aos dados uma fórmula matemática 

expressa por              , a qual permite determinar a distância de disparo em 

função do logaritmo da quantidade do elemento bário determinado pelo método 

proposto. O erro padrão estimado no processo é de 6.6cm.   

 

Palavras-chave: Resíduos de disparo (GSR); estimativa da distância de disparo; larvas 

de inseto; ICP-MS; ciências forenses. 
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Abstract 
 

 

The identification of firearm injuries, namely in corpses in an advanced state of 

decomposition, can be a complex task. The ability to detect and identify chemically 

gunshot residues (GSR) around a lesion which is suspected to have resulted from the 

passage of a projectile from a firearm could be a challenge in terms of forensic 

pathology. 

Given this real difficulty in forensic practice and taking into account that the 

body is often colonized by insect larvae, this study aims to evaluate the correlation 

between the firing distance and the concentration of the most common metallic 

components of the GSR ([lead (Pb), antimony (Sb) and barium (Ba)]) in order Diptera 

blowfly larvae (Calliphoridae family), which were fed of non-human tissues subjected 

to experimental shots at different distances previously established.  

Experimental shots using a 9x19mm Glock model 17 pistol and ammunitions 

Geco 9x19mm with 124gr. Full Metal Jacket (FMJ) bullets were made against a target 

made of musculocutaneous tissue removed from pig (Sus domesticus) carcase, 15x6cm, 

at different distances (3, 20, 40, 60, 80 and 100cm). After shots, blowfly larvae (n=10) 

were fed in the surface of musculocutaneous porcine tissue and, after their feeding on 

the GSR exposed porcine tissue, were collected in the second stage of development and 

scarified. Blowfly larvae samples were digested with nitric acid (HNO3) and hydrogen 

peroxide (H2O2) in a closed-vessel microwave digestion system and the solutions were 

analyzed by inductively coupled plasma-mass spectrometry (ICP-MS) for Sb, Ba and 

Pb quantification. 

It was possible to obtain the concentration by ICP-MS of the three chemical 

elements (Pb, Sb and Ba), in larvae of Diptera order placed on the musculocutaneous 

porcine tissues subjected to experimental shots at different distances. It was found that 

the concentration of these elements decreased depending on the firing distance, it being 

possible by linear regression, fit a model to the data expressed by the mathematical 



 x 

formula              , which determines the firing distance as a function to the 

logarithm of the amount of barium element determined by the proposed method. The 

estimated standard error is 6.6cm. 

 

Keywords: Gunshot residues (GSR); firing distance estimation; blowfly larvae; ICP-

MS; forensic sciences. 
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1. Introduction 
 

 

When a firearm is discharged, the projectile is expelled, as well as gaseous and 

solid particles resulting from (un)burnt remains of the propellant and primer particles 

[1]. Part of solid particles remains within the barrel and on percussion gun chamber, if 

the weapon is a semi-automatic pistol or in and around the drum if the weapon is a 

revolver [2]. 

A cloud composed by gases and solid particles is released into the environment, 

thus some of these particles is projected outward, reaching the hands, arms, hair and 

shooter's clothes, and spreading the scene of the incident. Collectively, they are termed 

gunshot residues (GSR) [1, 3]. GSR are composed of unburned and partially burnt 

propellant powder, particles from the ammunition primer, smoke, grease, lubricants, and 

metals from the cartridge as well as the weapon itself [4-6]. Organic compounds of GSR 

are mainly originated from propellant and firearm lubricants, while inorganic residues 

(i.e. nitrates, nitrites, and metallic particles) originate from the gun barrel itself, the 

primer and propellant, the cartridge case and the projectile (or its jacket) [5, 7]. 

 Firing distance can be divided into four major categories, depending on the 

range from the muzzle to target: contact, close contact, intermediate contact and 

long/distant range [8, 9]. In contact distance-range shots, the muzzle is held against the 

target surface at the time of discharge. In close contact shots, the gun ranges from 2cm 

to 3cm distance, promoting conditions for the distribution of an intense GSR cloud 

close to the projectile entrance hole. The intermediate contact distance refers to 

situations where a gun-impact surface distance can range from 2 cm to a variable value, 

depending on the gun and ammunition used, and it is possible to further detect the 

elements of GSR cloud. In each case, the firing distance estimation can only be 

performed through experimental shots, using the gun and ammunition problem and 

simulating the shooting conditions. Finally, in long/distant-range shots is only possible 

to find traces of elements of GSR cloud. 
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 The detection and quantification of GSR has played an important role in 

criminal investigation. Sometimes, this is the only evidence that confirms the 

occurrence of a firearm discharge incident [4, 6, 10, 11]. Furthermore, the GSR 

distribution pattern around the bullet entrance hole can be useful to estimate the distance 

from which the weapon was discharged [8, 11, 12]. Lead (Pb), antimony (Sb) and 

barium (Ba) are the common metallic components of the GSR in many ammunition 

types and they are used to detect its presence and make its quantification [5, 8, 13]. 

To estimate the firing distance is important to consider the type of gun and 

ammunition, the primer composition, the cleaning of the gun and ammunition, the 

possibility of target contamination, atmospheric conditions and the sensitivity and 

accuracy of the analytic methodology. It should also be noted that the use of different 

types of guns leads to very different results [11, 12]. Furthermore, even when using the 

same type of ammunition with the same firearm, slight variations in GSR composition 

might occur due to variations in the usage history, primer and⁄or gunpowder load of the 

cartridge, and physical conditions (e.g., temperature and pressure) during the shot [1].  

GSR determination in types of tissue is more dependent on decomposition stage 

rather than time since death. The identification of firearm injuries, namely in corpses in 

an advanced state of decomposition, can be very difficult since some arthropods may 

colonise the corpse, lay their eggs on the moist body parts (such as the eyes, mouth and 

wounds) and, consequently, soft tissues will be consumed and degraded [14]. Therefore, 

the ability to detect and identify the presence of GSR around a lesion which is suspected 

to have resulted from the path of a bullet can be challenging for the forensic 

pathologists.  

Medico-legal entomology, one area in the broad field of entomology, is routinely 

used in forensic applications [15]. Among other contributions in the field of legal 

medicine, it highlights the determination of the post-mortem interval (PMI) and the 

identification of bodies as important examples of forensic entomology. The fauna found 

in a dead body changes in a predictable sequence during the decomposition process. 

The life cycle of each specie, as well as their sequence, can estimate the postmortem 

interval [16]. Moreover, the potential use of insects for detecting drugs and other toxins 

in decomposing human tissues has been widely demonstrated [17].  

The order Diptera is one of the largest orders of insects, which can be found in 

almost all habitats. These insects have a complete metamorphosis and their larvae have 

a cream shade, no locomotion members and an undifferentiated head [18].  
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Climatic factors and different environmental conditions, among others, influence 

the decomposition process and the presence of different species on corpses [15]. In all 

seasons of the year, Calliphoridae is the dominant family in Portugal [19].  

The Calliphoridae family, commonly known as blowfly, is the first to colonize 

the body, depositing their eggs on exposed natural orifices and, if any, in the injury of 

the body surface [20]. The three larval stages of development can be differentiated by 

their size: about 5mm, 10mm and 17mm in length, respectively. The deposition time of 

the eggs and larvae growth is not constant, being affected by several factors such as the 

temperature [21] and the seasons of the year [19]. It is estimated that when the egg is 

laid by the female is about 2mm long. Eggs develop rapidly and after 8 hours begin to 

show signs of change, giving up the outbreak after one day [18]. 

Inductively coupled plasma mass spectrometry (ICP-MS) is a method that has 

been used for determining the concentration of various chemical elements including the 

main elements of GSR and is a very sensitive technique (with detection limits in order 

of parts per trillion), which allows a rapid and simultaneous multi-element analysis, 

using reduced volumes of sample [22]. Its linear dynamic range and the ability to 

provide additional information are isotopic advantages when compared with other 

techniques [23]. Chemical identification of GSR in tissue samples using ICP-MS is a 

promising option to supplement current gross and histologic examination procedures 

available to coroners, medical examiners, and forensic pathologists [13]. 

In recent years, as a result of the development of analytical techniques, 

particularly the use of the ICP-MS technique at forensic laboratories, the interest in 

detection and quantification of GSR in the gun surface, in the shooter's body and around 

the bullet entrance hole in victim’s body has grown and several studies have been 

conducted regarding this subject [1, 4, 11-13, 24]. To date, the majority of the published 

studies focus on the quantification of the main metal components present in GSR in 

larvae [25] and in its relationship with the decomposition time and the seasons [14]. 

However, to my knowledge, no studies regarding the estimation of the firing distance by 

measuring GSR in larvae fed on tissues previously subjected to firing at different 

distances are available.  

This study aimed to correlate the firing distance with concentrations of the main 

metallic components of the GSR found in larvae of Diptera (family Calliphoridae) fed 

with porcine tissues subjected to experimental shots performed at six different 
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distances, ranging from 3cm to 100cm, using a 9x19mm Glock pistol model 17 and 

Geco 9x19mm 124gr. FMJ ammunitions. 
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2. Materials and methods 
 

 

 Polyethylene material was used to reduce the risk of contamination. All 

materials in contact with the samples have been previously decontaminated with 10% 

(v/v) nitric acid (HNO3) (Sigma-Aldrich, France) and rinsed thoroughly with ultrapure 

water (resistivity of 18.2 to MΩ.cm 25 °C) produced by an arium® water purification 

system ASTM pro (Sartorius, USA).      

 

 

2.1 Creating insect larvae of order Diptera (Calliphoridae family) 

 

 The organic material used for obtaining the larvae was porcine tissue (Sus 

domesticus) 15x6cm in greatest dimension, as together characteristics which mimic 

human muscle tissue. The porcine tissue was placed in the bottom of a plastic box 

decontaminated, thus avoiding contact with the walls. A transparent box and with a 

considerable height was selected in order to follow the larvae grow process and 

preventing their escape. Then, the open box with the porcine tissue was placed in a 

humid open spaced location, with suitable conditions for obtaining insect interest, and it 

remained open until the deposition of eggs by the female fly of Diptera order and the 

growth of the larvae by the 1
st
 stage of development. 

 

 

2.2 Experimental shots in porcine tissues 

 

 Experimental shots at different distances (3, 20, 40, 60, 80 and 100cm) were 

performed using a Glock 17 pistol and Geco 9x19mm 124gr. FMJ ammunitions. Three 

shots were performed for each distance against porcine tissues (Sus domesticus) with 
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approximately 3cm thick and 15x6cm in greatest dimension, all from the same animal 

and purchased in a commercial store. The shots were performed by a firearm expert at a 

shooting range (open space) with lateral wind protection. All ammunitions were from 

the same batch and all shots were performed by the same shooter, allowing for 

standardization of process. The gun was fixed to a metal frame, allowing a precise 

adjustment to each distance and perpendicularity between the target surface and the gun. 

After each shot, the gun was disassembled and cleaned with an air compressor machine. 

Each porcine tissue was stored in a closed plastic box at 4 ºC until performing the next 

step of the proposed methodology. 

 

 

2.3 Conditions for developing and feeding larvae in porcine tissues 

 

A 2x2cm square of tissue was removed around the projectile entrance hole for 

each porcine tissue subjected to experimental shots in order to discard the residues 

resulting from the passage of the projectile, since the analysis of this area may not 

translate the amount of GSR resulting only from the direct deposition of GSR cloud. 

  Each porcine tissue was carried out a division into four quadrants (Q1-Q4) 

(Figure 1), using a scalpel. The cuts were performed from the outside to the inside of 

the tissue in order to avoid contamination. Furthermore, the scalpel’s blade was 

replaced in every cut.  
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Fig.1 - Example of the projectile entrance hole (2x2cm) and the porcine tissue division 

into four quadrants. 

 

Each quadrants of porcine tissue resulting from the division was placed in a 

decontaminated closed plastic box (with small holes to allow the passage of air to the 

larval respiration). Then, ten larvae in the 1
st
 stage of development were placed in each 

box containing a quadrant of porcine tissue during four days at 17-25 ºC and 64.8% 

relative humidity.  

Ten larvae in the 1
st
 stage of development were placed in porcine tissue (n=18) 

not subjected to experimental shots (“control samples”). 

 

 

2.4 Sample collection 

 

Once reached the 2
nd

 stage of larval development, the larvae were placed in a 

polypropylene container with the help of a plastic tweezers and frozen until processing 

for analysis. This intermediate stage was selected since in the 1
st
 stage they are too 

small and in the 3
rd

 stage the feeding tend to cease [20]. 

 

 

 2cm 
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2.5 Sample solubilization 

 

 Larvae samples in each quadrant (n=10) of each shot at a particular distance 

were washed with a solution of 0.1% (v/v) Triton X-100 (Sigma-Aldrich, USA) and 1% 

(v/v) HNO3 (TraceSELECT®, Sigma-Aldrich, France) and washed abundantly with 

ultra-pure water. Then, the larvae were placed in an oven (Raypa, Spain) at 110 °C for 

approximately 24 hours. For digestion of samples, each set of 10 larvae (0.04g to 0.20g) 

was placed in a Teflon vessel with 2ml of concentrated ≥ 65% (v/v) HNO3 

(TraceSELECT®, Sigma-Aldrich, France) and 1ml of ≥ 30% (v/v) H2O2 

(TraceSELECT®, Sigma-Aldrich, Germany). 

Sample solubilization was performed in a microwave oven MLS-1200 Mega 

equipped with a rotor HPR-1000/10 S (Milestone, Italy). The digestion program used is 

described in Table 1. 

 

Table 1 - Program used for digestion of the samples in the microwave. 

Step Power (W) Time (min.) 

1 250 1 

2 0 2 

3 250 5 

4 400 5 

5 600 5 

 

After cooling, the content of the vessel was transferred to polypropylene 

balloons previously decontaminated. Volume was made up to 50ml with ultrapure 

water. The solutions were stored at 4 °C until further analysis. 

 

 

2.6 Sample analysis by ICP-MS  

 

 ICP-MS determinations were performed with a iCAP-Q instrument (Thermo 

scientific, UK), equipped with a Micromist type A nebulizer, a Peltier-cooled impact-

bead spray chamber, a standard quartz tube torch, and nickel sample and skimmer 

cones. Both the spray chamber and sampling interface were cooled to 12 ºC by 

circulating water. Sample solutions introduction was made through a peristaltic pump. 

The equipment control and data acquisition was made through the Qtegra software. The 
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instrument was daily tuned with a Thermo Tune B ICAP (Thermo Scientific, UK) 

solution for maximum signal sensitivity and stability for the three elements. The 

elemental isotopes monitored were 
121

Sb, 
137

Ba and 
208

Pb, selected based on higher 

relative abundance and the absence of isobaric interferences. High-purity (99.9999%) 

argon (Gasin, Matosinhos, Portugal) was used as the nebulizer and plasma gas. The 

main operating conditions for ICP-MS analysis are shown in Table 2. 

 

Table 2 - ICP-MS main operating conditions. 

Instrument parameter Condition 

Detector Sequential 

Detection mode Pulse counting 

Acquisition mode Continuous 

Pre-scan Yes 

Setup of the ICP 

Extraction -109 

Collector -1.9 

Forward power 1549 

Nebulizer 0.93 

Auxiliary 0.79 

Cool 13.9 

Lens 1 -199.4 

Lens 2 -79.9 

Pole bias -1.0 

Sampling depth 1.73 

Horinzontal 0.3 

Vertical -0.9 

Setup for main run  

Acquisition mode Peak jumping 

Sweeps 10 

Dwell time (s) 0.01 

Channels per mass 1 

Channel spacing 0.1 

Time per sweep (s) 0.57 

Time per main run (s) 5.7 

 

Calibration standard solutions were prepared by dilution of SCP-33-MS multi-

element solution (Ref. 140-130-321, SCP Science, Canada). An internal standard 

solution (Sc, Y, In, Tb and Bi at 10 mg/L) was prepared by dilution of AccuTrace
TM

 

Internal Standard #1 (New Haven, CT, EUA). All solutions were prepared with 2% v/v 

HNO3. 
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Limit of detection (LoD) was estimated as the concentration corresponding to 

3.3sB, where ‘‘sB’’ is the standard deviation of the blank signal (n=10). Expressed as 

μg/L in real samples, the LoD achieved were: 0.05 (Pb); 0.03 (Ba); 0.01 (Sb).  

All measurements were performed twice. Results were expressed as μg/g on a dry 

weight basis. 

 

 

2.7 Ammunition analysis  

 

Six Geco ammunitions from the same batch as those used in the experimental 

shots were dismantled: the gunpowder and the bullet were removed and only the primer 

remained in the cartridge. Three sets of these components (cartridge and primer) were 

used as the "control" (i.e., no shot was performed) and residues inside the cartridge were 

collected using cotton tip swabs (VWR, USA). The other three sets were inserted in the 

chamber of the Glock 17 pistol and three shots were performed. 

Due to the absence of the propellant and the pressure caused by the gases of a 

full ammunition shot, the gun slide did not move to the rear and the casing was not 

ejected. Therefore, the cartridge was manually extracted, by pulling the slide rearward 

and the residues resulting from the primer combustion were collected using cotton tip 

swabs. The gun was disassembled and cleaned with an air compressor machine after 

each shot. 

Swabs were placed in polypropylene tubes and subjected to a bleaching process 

with 2ml of 10% HNO3 v/v for 24 hours. Volume was made up to 10ml with ultrapure 

water and 1ml of internal standard solution was added. The resulting solutions were 

filtered through syringes (Sigma-Aldrich, USA) with 0.2µm nylon filters (PALL®, 

USA) and analyzed by ICP-MS in the same conditions as the remaining samples. 

 

 

2.8 Quality control 

 

For contamination control purposes during acid digestion in the microwave 

oven, a sample blank was performed in every digestion cycle. 
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Once larvae is not available as reference material, three reference samples were 

analyzed: BCR No 176 R (Incineration ash, sample ID No 0322, European Commission 

Community Bureau of Reference BCR), DORM-3 fish protein and DOLT-4 dogfish 

liver certified reference materials (CRM) for trace metals (National Research Council 

Canada, Canada) to evaluate the accuracy of the results. Certified and experimental 

values are summarized in Table 3. 

 

Table 3 - Results (mean±standard deviation; n=3) obtained in CRM. 

 DORM-3 DOLT-4 BCR No 176 R 

Element 
(µg/g) 

 

Acceptable 
range 

Experimental 
value 

Acceptable 
range 

Experimental 
value 

Acceptable 
range 

Experimental 
value 

Sb  0.01±0.01  0.02±0.00 850±50 810±23 

Ba  4.60±0.07  0.32±0.04 4650
*
 4421±36 

Pb 0.396±0.050 0.37±0.03 0.16±0.04 0.15±0.02 5000±500 4679±20 

 

* Information value (i.e., value which could not be certified because of insufficient information to accurately assess 

uncertainties). 

 

 

2.9 Statistical evaluation 

 

The elemental concentration (μg/g) is expressed as mean ± standard deviation of 

three tests. The descriptive parameters (mean, median, standard deviation, minimum 

and maximum) were calculated with the Microsoft Office Excel 2010 software 

(Microsoft Co, USA). 

The regression analysis was performed on MATLAB 2012R, a numerical 

computational application for scientific data analysis. 
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3. Results and discussion 
 

 

Results of Pb, Sb and Ba concentration (expressed in μg/g on a dry weight basis) 

obtained from each set of larvae (n=10) fed on each quadrant of various 

musculocutaneous tissues of Sus domesticus are presented in Table 4. 

 

 

3.1 Initial analysis 

 

The concentration of Pb, Sb and Ba found in the “control samples” (i.e., larvae 

fed on musculocutaneous porcine tissue not subjected to experimental shots) was 

0.06±0.04, 0.01±0.01 and 0.11±0.10μg/g, respectively, being significantly different 

from the concentration found in most larvae sets fed on musculocutaneous tissues of Sus 

domesticus subjected to experimental shots. These results show that musculocutaneous 

tissues used does not constitute a source of the metals studied (Pb, Sb and Ba). These 

results are consistent with the Roeterdink et al. [25]. 

The content of Pb, Sb and Ba found in the three ammunitions were 99.0±82.4 

(representing 44±1% of the three metallic elements), 25.1±21.2 (11±1%) and 

96.1±73.8μg (44±2%), respectively. The variation of these values is due to the fact that, 

although using the same technique, it is not possible to remove the same amount of 

waste of ammunition. The relative abundance of elements in the three ammunition is 

similar (varies at most 2%). 

The relative abundance of Pb, Sb and Ba found in larvae samples fed on 

musculocutaneous tissues subjected to experimental shots were 19±6%, 4±1% and 

77±6%, respectively. Thus, the presence of these three elements in larvae samples is due 

to the GSR cloud that reaches the target after the shot, originating from the primer. 
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However, the proportion of the elements in the ammunition is not the same as 

the samples. In the ammunition the proportion of Pb and Sb is greater than in the 

samples. 

This may be justified because the ammunition was carried out smear swab and it 

was possible to analyze a greater number of GSR while the larvae samples ate only 

parts of porcine tissues and some GSR was lost during firing. Furthermore, this may in 

part be due to an increase in metabolic rate with increasing larval age. The proportion of 

Ba is bigger in larvae sample suggesting that the elimination of Ba from within the 

larvae is not efficient as the elimination of Pb and Sb. Roeterdink et al. [25] and Lagoo 

et al. [14] observed that the concentration of Ba increased over time and suggested that 

Ba is bioaccumulated. 

Since the concentrations of the elements Pb, Sb and Ba detected in samples of 

larvae fed on musculocutaneous tissues of Sus domesticus depend on the firing distance, 

is possible to infer that their concentration depends on the amount of residues that reach 

the musculocutaneous tissues. 

A slight variation on the mean concentration of the three elements in the larvae 

fed in quadrants Q1-Q4 in all three shots for each distance was found (Table 4), which 

can be justified by different concentration of these elements in different ammunitions. 

Although all ammunition used were from the same manufacturer and from the same lot, 

it is known that there are still variations in the composition/concentration of 

components of ammunition [1]. 
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Table 4 - Concentration (μg/g on a dry weight basis) of the elements in the samples 

analyzed. 
 

Firing 

distance 

(cm) 

Quadrant 
[Sb] (μg/g) [Ba] (μg/g)  [Pb] (μg/g) 

Shot 

1 

Shot 

2 

Shot 

3 

mean SD Shot 

1 

Shot 

2 

Shot 

3 

mean SD Shot 

1 

Shot 

2 

Shot 

3 

mean SD 

3 

1 0.62 0.23 1.26 0.70 0.43 37.63 14.31 46.07 32.67 13.43 3.58 0.77 3.15 2.50 1.24 

2 2.34 2.17 0.33 1.61 0.91 71.65 68.78 12.56 51.00 27.20 13.19 12.02 1.36 8.86 5.32 

3 0.80 0.96 1.66 1.14 0.38 33.64 41.53 35.40 36.86 3.39 4.41 2.57 7.51 4.83 2.04 

4 2.45 7.85 0.52 3.60 3.11 58.37  15.54 36.95 21.42 10.83 29.20 1.61 13.88 11.46 

Mean±SD 1.76±1.98 39.59±19.73 7.52±7.75 

20 

1 0.92 1.08 1.12 1.04 0.09 26.04 24.52 27.28 25.95 1.13 5.44 6.76 7.39 6.53 0.81 

2 0.83 0.93 1.35 1.04 0.23 21.51 23.22 22.82 22.52 0.73 6.68 7.79 7.18 7.21 0.45 

3 2.84 0.98 0.44 1.42 1.03 52.98 17.90 12.90 27.93 17.83 19.03 5.87 2.83 9.24 7.03 

4 1.24 0.40 2.61 1.42 0.91 36.86 9.22 51.00 32.36 17.35 11.39 3.19 15.83 10.14 5.24 

Mean±SD 1.23±0.72 27.19±12.96 8.28±4.64 

40 

1 0.54 0.65 0.83 0.67 0.12 10.70 20.99 13.76 15.15 4.32 3.86 3.47 4.73 4.02 0.53 

2 0.21 0.40 0.74 0.45 0.22 7.03 22.90 16.74 15.56 6.53 1.69 2.72 2.61 2.34 0.46 

3 0.68 0.13 0.43 0.41 0.22 14.43 4.08 12.55 10.35 4.50 4.35 0.53 1.78 2.22 1.59 

4 0.36 0.46 0.56 0.46 0.08 6.89 10.38 12.05 9.77 2.15 2.06 3.21 2.39 2.55 0.48 

Mean±SD 0.50±0.20 12.71±5.35 2.78±1.16 

60 

1 0.93 0.07 0.13 0.38 0.39 13.90 4.56 3.28 7.25 4.73 5.17 0.43 0.69 2.09 2.18 

2 0.91 0.06 1.19 0.72 0.48 22.45 2.44 6.43 10.44 8.65 3.91 0.47 1.04 1.81 1.51 

3 0.13 0.17 0.07 0.12 0.04 5.54 3.27 2.83 3.88 1.19 0.72 0.93 0.34 0.67 0.24 

4 1.23 0.12 0.10 0.48 0.53 15.11 2.43 3.85 7.13 5.67 6.10 0.66 0.71 2.49 2.55 

Mean±SD 0.43±0.46 7.17±5.35 1.77±1.96 

80 

1 0.05 0.12 0.03 0.07 0.04 1.05 1.79 0.82 1.22 0.41 0.09 0.43 0.16 0.23 0.15 

2 0.10 0.03 0.01 0.05 0.04 2.05 1.29 0.65 1.33 0.57 0.42 0.19 0.07 0.23 0.15 

3 0.03 0.16 0.08 0.09 0.05 1.33 2.08 1.24 1.55 0.38 0.12 0.67 0.40 0.40 0.22 

4 0.05 0.04 0.03 0.04 0.01 2.17 0.87 1.21 1.42 0.55 0.36 0.12 0.18 0.22 0.10 

Mean±SD 0.06±0.04 1.38±0.50 0.27±0.18 

100 

1 0.03 0.02 0.07 0.04 0.02 0.44 0.32 0.87 0.54 0.24 0.23 0.12 0.49 0.28 0.16 

2 0.04 0.01 0.06 0.04 0.02 0.54 0.47 0.70 0.57 0.10 0.25 0.07 0.20 0.17 0.08 

3 0.05 0.06 0.04 0.05 0.01 0.88 0.75 0.69 0.78 0.08 0.69 0.25 0.27 0.40 0.20 

4 0.05 0.03 0.05 0.04 0.01 0.62 0.68 1.00 0.77 0.17 0.36 0.23 0.23 0.27 0.06 

Mean±SD 0.04±0.02 0.66±0.19 0.28±0.16 

Control 1 nd nd nd   0.11 0.14 0.07   0.03 0.04 nd   

Control 2 nd nd nd   0.03 nd 0.03   nd nd nd   

Control 3 nd nd nd   nd 0.06 nd   nd nd nd   

Control 4 0.03 nd nd   0.44 0.20 0.12   0.13 nd nd   

Control 5 nd nd nd   0.14 0.15 nd   nd nd nd   

Control 6 nd nd nd   0.16 0.17 0.11   nd nd nd   

Mean±SD* 0.01±0.01 0.11±0.10 0.06±0.04 

nd: not detectable 

*Values < LD were imputed as LD divided by square root of 2. 
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It was possible to quantify the three metallic elements in larvae fed on the four 

quadrants (Q1-Q4) of on musculocutaneous tissues of Sus domesticus up to a distance 

of 100cm. Figure 2 shows the relation between the mean concentration of Pb, Sb and Ba 

found in larvae fed on musculocutaneous tissues of Sus domesticus and the firing 

distance. 

 

 

Fig.2 - Relationship between mean concentration of Pb, Sb and Ba (μg/g on a dry 

weight basis) found in larvae fed on musculocutaneous porcine tissues and the firing 

distance (cm). 

 

 

Figure 3 shows the relationship between the mean concentration Pb, Sb and Ba 

in samples of larvae fed in the different quadrants (Q1-Q4) and the firing distance in 

each musculocutaneous tissue of Sus domesticus. 
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Fig.3 - Mean concentration Pb, Sb and Ba (μg/g dry weight) found in larvae fed 

on each of the four quadrants (Q1-Q4) result of three tests for each firing distance. 
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The distribution of GSR cloud around the entrance hole appears to be 

homogeneous since no significant differences (p>0.05) in Pb, Sb and Ba concentration 

was found between the quadrants (Q1-Q4). 

Due to the lack of studies with this methodology, the comparison of the results is 

limited. Studies published regarding the use of larvae focus only on the analysis of Pb, 

Sb and Ba concentration as a function of the time that the larvae are fed from porcine 

tissue [14] or fed on bovine muscle tissues subjected to a single firing distance [25]. The 

relationship between the concentration of Pb, Sb and Ba and the firing distance was 

evaluated by Santos et al. [11, 12] but the experimental shots were performed on cotton 

tissue. 

 

 

3.2 Multiple linear regression 

 

Following the methodology of statistical analysis already used by Santos et al. 

[11, 12], for each test proceeded to the determination the arithmetic mean of the 

measured quantity of elements Pb, Sb and Ba from all quadrants (Q1-Q4) in each test 

(Table 5). 

Table 5 - Arithmetic mean of the amounts of certain chemical elements for each test.  

Series d    Pb      Sb    Ba 

1
st
 series 3 8.003 1.550 50.322 

 20 10.635 1.457 34.346 

 40 2.987 0.448 9.761 

 60 3.977 0.799 14.248 

 80 0.250 0.058 1.651 

 100 0.380 0.043 0.620 

2
nd

 series 3 11.140 2.800 80.671 

 20 5.904 0.850 18.717 

 40 2.480 0.410 14.589 

 60 0.625 0.103 3.178 

 80 0.352 0.089 1.507 

 100 0.166 0.029 0.557 

3
rd

 series 3 3.409 0.943 27.392 

 20 8.308 1.382 28.500 

 40 2.876 0.641 13.772 

 60 0.695 0.375 4.099 

 80 0.206 0.038 0.980 

 100 0.295 0.055 0.817 
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With these values it was carried out a multiple linear regression analysis in order 

to determine the relationship between the firing distance and the logarithm of the 

amount of the chemicals under study. The proposed generic linear regression model is: 

 

d = A + B ln(|Sb|) + C ln(|Ba|) + D ln(|Pb|) 

where A, B, C and D are the parameters or coefficients of the model estimated by 

regression analysis. The results are in Table 6. 

 

Table 6 - Estimated Coefficients. 

Coefficient Estimate Standard Error tSat       pValue 

A 118.540 23.474 5.05  0.0002 

B 8.182 8.853 0.92  0.3710 

C -31.901 7.667 -4.16  0.0010 

D 4.468 6.770 0.66  0.5200 
18 observations, 14 error degrees of freedom 

Estimated Dispersion: 82.6, Standard Error: 9.3 

F-statistic vs. constant model: 76.5, pValue = 6.34e-09 

Adjusted determination coefficient: R
2
=0.9302 

 

The next figure shows the predicted values by the model for firing distance and 

the values performed on each test. The graph diagonal line represents the ideal situation. 
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Fig.4 - Predicted distance by the model for firing distance values performed on each 

test. 

 

The standard analysis error associated with the coefficients B, C and D, as well 

as the pValue shows that (for a 95% confidence level) only the regressor ln (|Ba|) is 

relevant to the determination of the firing distance. Thus, the mathematical model that 

best describes the relationship between the firing distance and the logarithm of the 

measured amount of each element is a linear relationship of the type: 

 

d = A + B ln(|Ba|) 

 

In order to confirm this model, it was made a regression step by step to evaluate 

the effect of each predictor (stepwise regression). The applied method follows the initial 

model and at each step removes the predictor with higher pValue to the current model, 

then, reassessing up this model. The method ends when it obtained a model compatible 

with the data, that is, when all the regressors included in the model are relevant. The 
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method confirmed the model proposed by d = A + B ln(|Ba|) is the best to explain the 

variation in the data. 

 

 

 

3.3 Best model (stepwise regression) 

 

The analysis of residues resulting from the stepwise regression model, presented 

graphically in Figure 5, shows that there is a high concentration of values between 

-10cm to + 10cm, although there are two samples with absolute values of residues 

between 20cm and 30cm (sample 4 and 13) being the residue of the sample 4 much 

higher to the rest samples. 

Fig.5 - Analysis of outliers. 

 

Thus, in the final analysis, sample 4 was considered as an outlier and is removed 

from the dataset while keeping the graphical representation. The final results are 

presented in Table 7. 
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Table 7 - Estimated Coefficients. 

Coefficient Estimate Standard Error tSat  pValue 

A  88.36 2.4353 36.284  4.98e-16 

B -20.93 0.9966 -21.001  1.55e-12 
17 observations, 15 error degrees of freedom 

Estimated Dispersion: 43.9, Standard Error: 6.6 

F-statistic vs. constant model: 441, pValue = 1.55e-12 

Adjusted determination coefficient: R
2 
= 0.9649 

 

Figure 6 shows the scattering diagram with the data and the regression line (red) 

obtained by stepwise regression. The 95% confidence interval curves and the 95% 

prediction interval curves for the expected firing distance given an amount of chemical 

element (Ba) measured in the sample is also included. 

 

Fig.6 - Scatter diagram of the data and regression line. Confidence intervals and 

prediction included. 
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In summary, the regression line that best fits the data is: 

 

                 (    ) 

 

The analysis have a determination coefficient R
2
=0.96 and a standard error 6.6cm. 
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4. Conclusions 
 

 

1ª - The low detection limits of ICP-MS allowed to quantify Pb, Sb and Ba in 

insect’s larvae Diptera (Calliphoridae) fed in musculocutaneous tissues of Sus 

domesticus submitted to experimental shots at different distances [3-100]cm, using a 

Glock 9mm and Geco ammunitions. 

2ª - In these experimental conditions, it was possible to estimate the firing 

distance in the range of [3-100]cm by the analysis of metallic residues present in the 

larvae of Diptera (Calliphoridae) regardless of the quadrants (Q1-Q4). The 3cm tests 

despite producing values with large variations, these are explained by the model for the 

regression. 

3ª - Regardless the firing distance, Ba was the most abundant element that found 

in all samples. 

4ª - For distances in the range [3-100]cm, the logarithm of the concentration of the 

Ba analyzed decreases linearly according to the firing distance. 

5ª - These results suggest that, in the firing distance range studied, the deposition 

of GSR cloud around the bullet entrance hole is homogeneous. 

 

 

Thus, the presented results suggest that the analysis by ICP-MS larvae could 

represent an important contribution to the forensic sciences, particularly in the context 

of forensic pathology and ballistics, as it is shown that the larvae can be a valuable aid 

in the diagnosis of injuries resulting from shooting by firearms as well as to estimate the 

firing distance. In corpses in an advanced state of decomposition, in which often the 

injuries (entry and exit wound) present major changes in morphology and are usually 

colonized by larvae of insects, these larvae may be the only information source of GSR 

presence. 
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Limitations and further research 
 

 

In this study it was possible to estimate the firing distance in the range [3-

100]cm. However, it would be important to extend this methodology of study to other 

guns, for example, to the most common guns used in deaths by firearm-related deaths in 

Portugal and different ammunitions, in order to evaluate how far it still possible to 

quantify the metallic elements presents in insect’s larvae.  

Currently, available studies regarding this topic are scarce. It is therefore 

important to continue with this type of study, in order to contribute to an accurate 

diagnosis in case solving, which due to their complexity (e.g., advanced putrefaction) is 

likely to benefit from the application of knowledge of forensic entomology area 

combined with the elemental chemical analysis. 
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