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Abstract 

Post-explosion scenes offer such chaos and destruction that evidence recovery and 

detection of post-blast residues from the explosive in the surrounding materials is highly 

challenging and difficult. The suitability of materials to retain explosives residues and 

their subsequent analysis has been scarcely investigated. Particularly, the use of explosive 

mixtures containing inorganic oxidizing salts to make improvised explosive devices 

(IEDs) is a current security concern due to their wide availability and lax control. In this 

work, a wide variety of materials such as glass, steel, plywood, plastic bag, brick, 

cardboard or cotton subjected to open-air explosions were examined using confocal 

Raman microscopy, aiming to detect the inorganic oxidizing salts contained in explosives 

as black powder, chloratite, dynamite, ammonium nitrate fuel oil and ammonal. Post-

blast residues were detected through microscopic examination of materials surfaces. In 

general, the more homogeneous and smoother the surface was, the less difficulties and 

better results in terms of identification were obtained. However, those highly irregular 

surfaces were the most unsuitable collectors for the posterior identification of explosive 

traces by Raman microscopy. The findings, difficulties and some recommendations 

related to the identification of post-blast particles in the different materials studied are 

thoroughly discussed. 

 

Keywords: ANFO; Black powder; Dynamite; Material surfaces; Post-blast residues; 

Raman microscopy. 
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1. Introduction 

Amongst the large variety of explosive compositions, explosive mixtures based on 

oxidizing energetic salts are certainly the explosives most frequently used by civilians 

(non-militaries) to carry out, not only legitimate commercial purposes such as 

demolitions and pyrotechnics, but also to commit criminal actions [1–5]. As a result of 

the wide availability, easy acquisition and lax control of these explosives precursors, 

oxidizing energetic salts are usually employed by dissidents, extremists and terrorists in 

the elaboration of improvised explosive devices (IEDs). The mixture of oxidizing 

energetic salts with fuels produces explosive compositions that can be used as explosive 

charge in IEDs such as black powder, dynamite or ammonium nitrate fuel oil (ANFO) 

[1,3]. Oxidizing salts commonly used in these explosive mixtures are nitrate and chlorate 

salts [1,3], which may be combined (in different proportions) with a large variety of fuels 

such as charcoal, fuel oil or sugar. However, it is important to highlight that whatever the 

composition is, the oxidizing salt is usually the main and major component in the mixture 

to ensure the consumption of the fuel and cause the consequent explosion. As a result, 

post-blast residues from these explosives mostly consist of non-reacted remains of the 

oxidizing salt [6–12]. Due to their ionic nature, forensic laboratories routinely analyse 

them by either capillary electrophoresis or ion chromatography, and a wide research 

involving these two techniques for the analysis of inorganic oxidizing salts from 

explosives have been published [11–20]. Nevertheless, both techniques are destructive, 

time-consuming, require a sample treatment and dissociate the salt into its ions. On the 

contrary, spectroscopic techniques such as Raman spectroscopy has shown an interesting 

potential for the identification of salts in explosives [10,12,21–24]. However, the material 

in which post-blast particles of these oxidizing salts are adsorbed during an explosion, 

may play an important (and scarcely studied) role in both evidence recovery and 

spectroscopic measurements [25]. Different materials are expected to offer a different 

adsorption in relation to the capture of those post-blast particles and, thus, some materials 

are expected to be more efficient than others. The investigation of this aspect is crucially 

important for providing forensic investigators know how on the different materials they 

should preferentially collect during evidence recovery. In addition, each material has a 

characteristic spectral signature according to its composition, which may occasionally 

overlap the characteristic bands of the studied salts. This fact may hinder the 

spectroscopic detection and identification of post-blast particles, especially when no 
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focusing system is used to exclusively analyse a selected post-blast particle. In this 

respect, microscopy coupled to Raman spectroscopy has demonstrated to be a useful 

methodology for the microscopic detection and spectroscopic identification of post-blast 

microscopic particles of explosives on smooth and homogeneous surfaces [10,12]. 

Particularly, in this previous study accomplished by our group [10], IEDs based on 

oxidizing-fuel explosive compositions as well as IEDs based on high organic explosives 

were exploded and their post-blast residues were subsequently analysed over a smooth 

homogeneous surface. Results revealed that only those IEDs based on oxidizing-fuel 

explosive compositions left, after their explosion, microscopic non-reacted particles large 

enough to be detected by confocal Raman microscopy. Nonetheless, there is a large 

variety of different materials that may be found in post-explosion scenes that makes 

evidence recovery an extremely complicate process [2]. The knowledge about the 

suitability of either homogeneous or heterogeneous materials to catch and retain post-

blast residues that are microscopically perceptible by microscopy is a current forensic 

need. To this end, in this work, a large variety of materials was subjected to different 

explosions and the appropriateness of each material for post-blast residues detection using 

confocal Raman microscopy has been deeply examined. 

 

2. Materials and experiments 

2.1. Materials, standards and explosives 

Eleven different materials (3 replicates per material except for tyre with only 1 replicate) 

were placed as explosive trace collectors surrounding each explosion at a distance of 1.5-

2 m in order to study the detection of post blast residues on them. These materials included 

glass, steel, plastic bag, plywood, chipboard, cardboard, tyre, brick, plaster board, cotton 

fabric and pig meat, besides the ground from crater. These materials were chosen because 

they are likely to be found in real terrorist attacks either in the street or within a building. 

Table 1 collects the size of the pieces of each material.  

Standards of potassium nitrate and ammonium nitrate (determined at the end of Section 

3.1 for proving their identification profile) were obtained from Sigma-Aldrich in ACS 

reagent grade (>99.0%). 
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Table 1. Size of collectors in cm. R refers to the spoke of the tyre (wheel). 

Material Size (cm) 

Glass 18 x 13 
Metal (steel) 20 x 6 
Plastic bag 30 x 20 

Plywood 20 x 15 
Chipboard 20 x 15 
Cardboard 30 x 20 

Tyre R 30 
Brick 25 x 15 x 12 

Plasterboard 20 x 20 

Cotton fabric 30 x 20 
Pig meat ~ 15 x 10 

 

Five explosions were performed by Spanish EOD specialists using improvised explosive 

devices (IEDs) made of five different inorganic explosives as those reported in a previous 

work [10], which contained inorganic oxidizing salts including black powder (75% 

potassium nitrate), chloratite (80% sodium chlorate), dynamite (66% ammonium nitrate), 

ANFO (90% ammonium nitrate) and ammonal (85% ammonium nitrate). 

After each explosion, collectors were recovered and sealed by EOD specialists and were 

carried out to the laboratory where they were analyzed by confocal Raman microscopy. 

 

2.2. Instrumentation and analysis 

A Thermo Scientific DXR Raman microscope (Waltham, MA, USA) using the Thermo 

Scientific Omnic for dispersive Raman 8 software (Waltham, MA, USA) was used to 

analyze the surfaces of materials. First, each material (collector) was analyzed to establish 

the representative Raman spectrum of each material and be used as blank. In addition, to 

set up the characteristic Raman spectrum of each explosive, small samples from the five 

explosives were analyzed by Raman spectroscopy. Afterwards, the surface of all post-

blast samples was observed with both the naked eye and microscopically, as explained in 

previous work [10]. Briefly, after visualizing potential post blast residues, that region was 

microscopically examined through 10× and 50× magnification objectives. Afterwards, 

the alleged post-blast particles were analyzed by Raman spectroscopy in order to confirm 

or dismiss, based on their Raman spectra, whether they were remains from the explosive. 

Raman spectra were collected from 2500 to 200 cm-1, accumulating 5 scans of 6 s per 

scan and using a 780 nm excitation wavelength of 10 mW power. Each Raman spectrum 

was visually and statistically compared (Pearson correlation) with a spectra database 

previously registered for the explosives. 
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3. Results and discussion 

3.1. Materials and explosives Raman spectra 

The knowledge of these spectra was necessary to later identify residues from the 

explosives on these materials. As shown in Figure 1(a), given the Raman conditions, the 

materials studied mostly provided no relevant Raman signals except brick. In summary, 

neither steel, plastic bag, chipboard, cardboard nor tyre provided characteristic Raman 

bands, except for some fluorescence in chipboard. Plywood displayed a weak band 

(almost worthless) at 1596 cm-1. Plasterboard, besides providing a bit fluorescence, was 

dominated by a unique prominent band located at 1006 cm-1. Though cotton and pig meat 

displayed some characteristic bands along their spectra, they were little intense. Glass 

was dominated by two highly distinctive wide prominent bands at 1958 and 1455 cm-1. 

Finally, brick displayed, unlike previous materials, a large number of bands, some of 

them, noticeably intense such as those at 1668 and 1460 cm-1. 

 
Figure 1. Raman spectra of materials (a) and explosives (b) studied in this work. Raman 

conditions: laser at 780 nm, 14.0 mW, 10× magnification objective, 6 acquisitions of 5 s per 

acquisition. Materials spectra are displayed on a common scale +offset (a), in order to compare 

the potential interference each material may cause as background using the selected Raman 
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conditions. On the contrary, explosives spectra have been normalized +offset (b) in order to 

clarify the characteristic bands that enable their identification. 

On the contrary, explosives were clearly characterized by the Raman spectra of their 

respective oxidizing salts, as shown in Figure 1(b). This result was not unexpected since 

oxidizing salts are the major component in these explosives mixtures. What was an 

unexpected result was the low Raman signals provided by most materials because of the 

fact that Raman spectroscopy is being proved as a suitable technique to characterize a 

wide variety of materials. At the selected Raman conditions only those highly Raman 

active compounds and Raman active vibrations such as those in nitrates and chlorates 

were properly deter- mined. This result was highly favorable because it meant that most 

materials would not overlap the Raman spectra from explosives. 

As shown in Figure 1(b), the different oxidizing salts from explosives (potassium nitrate, 

sodium chlorate and ammonium nitrate) are easily identified by Raman spectroscopy 

according to their different Raman spectra. Thus, as reported in our previous work [10]: 

black powder was characterized by the Raman bands of potassium nitrate (1049 and 714 

cm-1) and charcoal (1571 and 1336 cm-1); sodium chlorate from chloratite displayed its 

main characteristic bands at 940, 627 and 487 cm-1 and ammonium nitrate from 

dynamite, ANFO and ammonal provided its respective bands at around 1041 and 712 

cm-1. Interestingly, weak bands due to nitroglycol were also observed in the dynamite 

spectrum. 

It should be noted that the discrimination between potassium and ammonium nitrates 

according to the observed shift of 7-8 cm-1 of their main nitrate bands may be difficult 

from a practical point of view, especially when portable Raman spectrometers with low 

resolution are used. Thus, an additional proof to solve this question can be accomplished 

at the laboratory. One particle of potassium nitrate standard can be placed in contact with 

one particle of ammonium nitrate standard, both on a microscope slide. Then, Raman 

microscope needs to be focused just on the contact between the two particles. Under these 

conditions, if the Raman system has enough spectral resolution, spectra as those displayed 

in Figure 2 should be obtained. 
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Figure 2. Simultaneous identification of potassium nitrate and ammonium nitrate by focusing 

three nearby spots along the frontier between two particles of potassium and ammonium nitrate. 

Raman conditions as in Figure 1. 

The characteristic Raman bands of each nitrate (potassium and ammonium) need to be 

clearly visible and distinguishable according to their bands located at 1050 and 1042 

cm-1, respectively. This approach allows to confirm if the simultaneous identification and 

discrimination of potassium and ammonium nitrates is achievable using the Raman 

instrument available in the laboratory. That is, this procedure can be a rapid and easy way 

to check whether our Raman instrument has enough resolution to differentiate both 

nitrates or not. 

3.2. Detection of explosive components on materials subjected to open-air explosions 

Post-blast residues from different explosions were analyzed in order to study the 

suitability of each material (collector) for postblast residues detection. The 

positive/negative results achieved in the detection of post-blast non-reacted particles from 

each explosive on the different materials studied are summarized in Table 2. A positive 

result involved that at least one post-blast particle was detected; though, that result was 

uncommon and the most usual positive result involved detecting numerous post-blast 

particles of the oxidizing salt along the replicate. On the other hand, a negative result 

involved that no post-blast particle was detected in that replicate. 

A comprehensive overview of each material including useful tips and the difficulties 

overcome during their analysis by confocal Raman microscopy is described below. 

According to the visual characterization of their surface, the eleven materials were 

classified to facilitate the interpretation of results into four classes: homogeneous, 

heterogeneous, highly irregular and biological. 
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Table 2. Results of post-blast particles detection from explosives on the replicates of the eleven 

different materials (collectors) studied in this work. 

Material (collector) Replicate (R) Black powder Chloratite Dynamite ANFO Ammonal 

Glass 

R1 + 

2/3 

+ 

3/3 

- 

0/3 

- 

2/3 

+ 

3/3 R2 + + - + + 

R3 - + - + + 

Steel 

R1 + 

2/3 

+ 

2/3 

- 

0/3 

+ 

3/3 

- 

0/3 R2 + + - + - 

R3 - - - + - 

Plastic bag 

R1 - 

1/3 

+ 

2/3 

+ 

2/3 

+ 

3/3 

- 

2/3 R2 + - + + + 

R3 - + - + + 

Plywood 

R1 - 

2/3 

+ 

3/3 

- 

1/3 

+ 

3/3 

+ 

2/3 R2 + + - + + 

R3 + + + + - 

Chipboard 

R1 + 

3/3 

+ 

3/3 

- 

0/3 

- 

0/3 

- 

0/3 R2 + + - - - 

R3 + + - - - 

Cardboard 

R1 + 

3/3 

+ 

3/3 

- 

0/3 

+ 

2/3 

- 

2/3 R2 + + - + + 

R3 + + - - + 

Tyre R1 - 0/1 + 1/1 - 0/1 + 1/1 - 0/1 

Brick 

R1 + 

3/3 

- 

0/3 

- 

0/3 

- 

0/3 

- 

0/3 R2 + - - - - 

R3 + - - - - 

Plasterboard 

R1 + 

3/3 

- 

1/3 

- 

0/3 

- 

1/3 

- 

0/3 R2 + + - + - 

R3 + - - - - 

Cotton fabric 

R1 + 

2/3 

- 

1/3 

- 

0/3 

- 

0/3 

- 

0/3 R2 + - - - - 

R3 - + - - - 

Pig meat 

R1 + 

3/3 

- 

0/3 

- 

0/3 

- 

0/3 

- 

0/3 R2 + - - - - 

R3 + - - - - 

 

3.2.1. Homogeneous surfaces 

3.2.1.1. Glass. Glass substrates provided a homogeneous and smooth surface in which 

both visual and microscopic detection of post-blast residues was quite straightforward. 

Those foreign particles added on glass were determined by Raman spectroscopy and 

provided two different spectra: the spectrum of ground or the spectrum of one of the 

explosive components, as displayed in Figure 3. Thus, spectra allowed to confirm whether 

those particles were post-blast non-reacted particles from the explosive or particles from 

the ground. Particles from the ground displayed a characteristic spectrum dominated by 

one main band located at 1087 cm-1 which was due to calcite (calcium carbonate). This 

was confirmed by testing a standard of calcium carbonate. The reason why particles from 



 

10 
 

ground were found on the surface of materials is probably explained by the fact that 

ground from crater blew up during the explosion and some particles flew off up to the 

materials (collectors). 

 
Figure 3. Microscopic examination of glass surface and post-blast residues, and Raman spectra 

of the calcium carbonate standard and the post-blast residues from ground and from the four 

explosives detected on glass collectors: black powder, chloratite, ANFO and ammonal. Raman 

conditions as in Figure 1. 
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Although this phenomenon (particles of ground on the surface of materials) was observed 

for almost all the materials, it is not explained for each material to avoid redundancy. 

Taking into consideration Table 2, which summarizes the results of the detection of post-

blast residues on the replicates of each material, it can be checked that particles from 

black powder and ANFO were detected in 2 of the 3 replicates whereas particles from 

chloratite and ammonal were detected in the three replicates. However, postblast particles 

from dynamite were not detected on this material surface. 

3.2.1.2. Steel. Steel substrates also offered a homogeneous and smooth surface which 

facilitated the detection of post-blast particles on them. As summarized in Table 2 and 

Supplementary Figure S1, post-blast particles from black powder, chloratite and ANFO 

were detected on steel. Post-blast particles from dynamite and ammonal were not detected 

on steel. Thus, black powder and chloratite were detected on 2 of the 3 replicates whereas 

ANFO was detected on the 3 replicates. Nonetheless, the Raman spectra provided by 

post-blast ammonium nitrate particles from ANFO were slightly inaccurate since their 

characteristic bands usually located at 1041 and 713 cm-1 were shifted around 15 cm-1 

appearing at 1055 and 730 cm-1. Some studies have revealed the SERS (surface enhanced 

Raman scattering) effect that steel may provide [26], so this phenomenon could be 

explained by some sort of SERS interaction between steel surface and ammonium nitrate 

that may cause the shift. However, the reason why only ammonium nitrate was affected 

(but not potassium nitrate or sodium chlorate) is unknown. Thus, further investigation 

focused on comprehending this phenomenon needs to be accomplished. 
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Supplementary Figure S1. Microscopic examination of steel surface (above) and post-blast 

residues (below) and Raman spectra of the post-blast residues from the three explosives detected 

on steel collectors: black powder, chloratite and ANFO. Raman conditions as in Figure 1. 

 

3.2.1.3. Plastic bag. Black plastic bags were also highly homogeneous and smooth 

surfaces in which the detection of white post-blast particles was no trouble. In fact, plastic 

bags presented an unpredictable result. Although scarce amounts of post-blast particles 

from explosives were detected on the surface of plastic bags, a large amount of these 

particles was found inside the plastic bag. Post-blast particles were not found on the outer 

surface of plastic bags but in the inner surface of the plastic bags, as illustrated in 

Supplementary Figure S2. In fact, when opening the bags, these particles seemed like 

spray paint droplets. They were not bound to the second layer, but weakly suspended 

between the two layers. As hypothesis, this “plastic-bag-effect” may be explained by the 

fact that particles from the oxidizing salt pierced the first layer of the plastic bag due to 
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their residual heat from the explosion, but they were not able of piercing the second layer 

and, thus, they got trapped between the two layers of the bag. However, further studies 

would be necessary to confirm this hypothesis. 

 
Supplementary Figure S2. Microscopic examination of plastic bag surface (above) and post-

blast residues (below) and Raman spectra of the post-blast residues from the explosives detected 

on plastic bag collectors: black powder, chloratite, dynamite, ANFO and ammonal. Raman 

conditions as in Figure 1. 

As shown in Table 2, plastic bags, like plywood, provided the best results since post-blast 

residues from the five explosives were detected on them. The effect produced by plastic 

bags likely contributed to trap post-blast particles from the explosives. Post-blast particles 

from ANFO were identified in the 3 replicates whereas post-blast particles from 

dynamite, chloratite and ammonal were identified in 2 of the 3 replicates. Finally, post-
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blast particles from black powder were identified in only 1 of the 3 replicates and only 

charcoal was identified instead of both charcoal and potassium nitrate. 

3.2.2. Heterogeneous surfaces 

3.2.2.1. Plywood. Plywood substrates offered a bit rougher and more heterogeneous 

surface than the preceding materials. Nevertheless, post-blast particles from explosives 

were also easily detected on plywood, since they had a great contrast with the plywood 

pattern as shown in Supplementary Figure S3. 

 
Supplementary Figure S3. Microscopic examination of plywood surface (above) and post-blast 

residues (below) and Raman spectra of the post-blast residues from the explosives detected on 

plywood collectors: black powder, chloratite, dynamite, ANFO and ammonal. Raman conditions 

as in Figure 1. 
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In fact, the plywood collectors provided, as plastic bags, the best results since post-blast 

residues from the five explosives were detected on them. In particular, post blast particles 

from chloratite and ANFO were detected in the 3 replicates, post-blast particles from 

black powder and ammonal were detected in 2 of the 3 replicates and post-blast particles 

from dynamite were detected only in 1 of the 3 replicates as summarized in Table 2. 

3.2.2.2. Chipboard. Chipboard substrates provided a highly heterogeneous surface when 

they were observed with the microscope as displayed in Supplementary Figure S4. This 

excessive heterogeneity containing numerous and different components hindered the 

detection of post-blast particles from the explosive. Even so, as indicated in Table 2, post-

blast particles from black powder and chloratite were identified on the 3 replicates of 

chipboard. However, post-blast particles from dynamite, ANFO and ammonal were not 

detected in any of the 3 replicates. 

 
Supplementary Figure S4. Microscopic examination of chipboard surface (above) and post-blast 

residues (below) and Raman spectra of the post-blast residues from the two explosives detected 

on chipboard collectors: black powder and chloratite. Raman conditions as in Figure 1. 
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3.2.2.3. Cardboard. Cardboard substrates were also heterogeneous though not as much 

as chipboard. In particular, the brown large homogeneous areas within the cardboard 

samples also contained small white-colored components which, to the naked eye, could 

be sometimes confused with post-blast particles, as displayed in Supplementary Figure 

S5. Despite that, using the Raman microscope, post-blast particles from all the explosives 

except dynamite were identified on cardboard. As collected in Table 2, post-blast particles 

from black powder and chloratite were identified on the 3 replicates whereas post-blast 

particles from ANFO and ammonal were identified only in 2 of the 3 replicates. 

 
Supplementary Figure S5. Microscopic examination of cardboard surface (above) and post-blast 

residues (below) and Raman spectra of the post-blast residues from the four explosives detected 

on cardboard collectors: black powder, chloratite, ANFO and ammonal. Raman conditions as in 

Figure 1. 
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3.2.3. Highly irregular surfaces 

3.2.3.1. Tyre. Tyre samples were homogeneous in colour (black) but they offered highly 

rough and irregular surfaces due to their pattern and tread. In addition, they had been 

previously used, therefore, they were heterogeneously bald and they had some dirtiness 

and residues as evidenced in Supplementary Figure S6. To the naked eye, these residues 

were sometimes confused with post-blast residues. As previously mentioned (see 

Materials), only one tyre (one replicate) per explosion was used. With regards to the 

results (see Table 2), only post-blast particles from chloratite and ANFO were identified 

on tyre. No post-blast particles from black powder, dynamite or ammonal were detected. 

 
Supplementary Figure S6. Microscopic examination of tyre surface (above) and post-blast 

residues (below) and Raman spectra of the post-blast residues from the two explosives detected 

on tyre: chloratite and ANFO. Raman conditions as in Figure 1. 
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3.2.3.2. Brick. Bricks provided heterogeneous, rough and highly irregular surfaces 

alternating flat areas and longitudinal grooves of orange colour with small white particles 

as shown in Supplementary Figure S7. To the naked eye, these particles were sometimes 

confused with post-blast particles from explosives, as occurred with cardboard. In 

addition, brick provided a highly intense Raman spectrum which hindered the Raman 

determination of those tiny post-blast particles not big enough to display their Raman 

spectra over the background. In fact, only post-blast residues from black powder were 

identified on bricks (on the three replicates). However, post-blast particles from any of 

the other four explosives (chloratite, dynamite, ANFO and ammonal) were not detected 

on any of the 3 replicates as summarized in Table 2. 

 
Supplementary Figure S7. Microscopic examination of brick surface (above) and post-blast 

residues (below) and Raman spectra of the post-blast residues from the unique explosive detected 

on brick: black powder. Raman conditions as in Figure 1. 
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3.2.3.3. Plaster board. Plaster board substrates were white and quite homogeneous in 

color, but they offered a highly irregular surface consisting of numerous orifices as 

displayed in Supplementary Figure S8. The white surface of plaster board greatly 

hindered the detection of white post-blast particles from explosives. In fact, post-blast 

particles from black powder were easily identified on the three replicates whereas post-

blast particles from the other four explosives were hardly detected. According to Table 2, 

post-blast particles from chloratite and ANFO were detected in 1 of the 3 replicates 

whereas post-blast particles from dynamite and ammonal were not detected in any of the 

replicates. 

 
Supplementary Figure S8. Microscopic examination of plasterboard surface (above) and post-

blast residues (below) and Raman spectra of the post-blast residues from the three explosives 

detected on plasterboard collectors: black powder, chloratite and ANFO. Raman conditions as in 

Figure 1. 
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3.2.3.4. Cotton fabric. Cotton fabrics were white and homogeneous except for the highly 

irregular surface, caused by the interlaced fibers, as displayed in Supplementary Figure 

S9. In fact, post-blast residues were mostly trapped within the fibers and the microscopic 

detection and Raman analysis became difficult and time-consuming. As shown in Table 

2, post-blast particles from black powder were identified in 2 of the 3 replicates and post-

blast particles from chloratite were detected in 1 of the replicates. Post-blast particles 

from dynamite, ANFO and ammonal were not detected in any of the replicates. 

 
Supplementary Figure S9. Microscopic examination of cotton surface (above) and post-blast 

residues (below) and Raman spectra of the post-blast residues from the two explosives detected 

on cotton collectors: black powder and chloratite. Raman conditions as in Figure 1. 
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3.2.4. Biological surface 

3.2.4.1. Pig meat. The surface of pig meat was highly heterogeneous, as shown in 

Supplementary Figure S10. Post-blast residues were mostly detected on the skin, though 

some areas of the skin were burnt. In addition, these samples started to decompose after 

the explosion even though they were kept in the refrigerator when they were not being 

analyzed. In fact, pig meat samples provided the worst results. In particular, post-blast 

particles of charcoal from black powder were the unique particles detected on these 

samples. Even potassium nitrate was not detected, as displayed in Supplementary Figure 

S10. No post-blast particles from the other four explosives were detected. This result is 

probably explained by the fact that pig meat has a high water content which would have 

completely or partially dissolved the particles of inorganic salts in such a way that they 

were not already detectable by microscopy. Furthermore, the own degradation of meat 

(even in the refrigerator) could have also degraded the inorganic salts. 

 
Supplementary Figure S10. Microscopic examination of post-blast residues on pig meat surface 

and Raman spectra of the post-blast residues from the unique explosive detected on pig meat 

collectors: black powder. Raman conditions as in Figure 1. 
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Finally, some general outcomes regarding the explosives were drawn. It should be 

highlighted that charcoal and potassium nitrate from black powder were detected in all 

materials except for tyre; sodium chlorate from chloratite was detected for all materials 

except for brick and pig meat; ammonium nitrate from ANFO was detected in all 

materials except for chipboard, brick, cotton fabric and pig meat; ammonium nitrate from 

ammonal was detected in glass, plastic bag, plywood and cardboard; and ammonium 

nitrate from dynamite was only detected in plastic bag and plywood. In summary, post-

blast particles from dynamite were detected in 2 of the 11 materials, ammonal in 4 of the 

11 materials, ANFO in 7 of the 11 materials, chloratite in 9 of the 11 materials and black 

powder in 10 of the 11 materials. 

In addition, both the best and the worst materials as collectors of post-blast residues 

detectable by Raman microscopy were assessed. Plastic bag and plywood offered the best 

results because post-blast non-reacted particles from the five explosives were detected on 

them. On the contrary, brick and pig meat provided the worst results because only post-

blast particles from black powder were detected on them. According to the number of 

positive/ negative results achieved for the five explosives, the eleven materials 

(collectors) were listed as follows: Plastic bag and plywood > glass and cardboard > steel 

and plasterboard > chip-board, tyre and cotton fabric > brick and pig meat. It should be 

noted that this list had resulted from the obtained results which depend on the combination 

of two factors: the material’s efficiency to collect post blast residues and the 

advantages/drawbacks of that materials to be analyzed by Raman microscopy. 

Therefore, that means that the best materials such as plastic bag and plywood were 

competent for both factors. However, it does not mean that the worst materials were 

necessarily unsatisfactory to both factors. For instance, cotton fabric was demonstrated 

to be highly suitable to trap post-blast residues within the fibers, but it provided bad 

results, which are likely attributed to the clear difficulty of detecting the post-blast 

particles across the fibers by Raman microscopy. Thus, post-blast residues on cotton may 

be more accurately analyzed using other techniques or subjected to some extraction 

methodology. 
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4. Conclusions 

Enough spectral resolution is essential to differentiate potassi- um and ammonium 

nitrates, whose Raman bands are character- ized by having a slight Raman shift of 6–8 

cm-1. This can be tested by means of a rapid and simple strategy which may be easily 

performed with the available Raman spectrometer to check whether both characteristic 

bands can be simultaneously resolved. 

Regarding the appropriateness of each material as collector of post-blast explosive traces, 

it should be remarked the high quantity of post-blast non-reacted particles from 

explosives found inside plastic bags, which makes these collectors highly recom-

mendable for the identification of explosive traces in post-blast evidence. In addition, the 

evidence recovery process may be planned in order to recover first the most worthwhile 

materials (collectors) according to the reported results. In general, either homogeneous or 

heterogeneous surfaces were demonstrated to provide the best results whereas highly 

irregular surfaces and biological surfaces offered the highest difficulties. Thus, the best 

explosive trace collectors were listed as follows: 

Plastic bag and plywood > glass and cardboard > steel and plasterboard > chipboard, tyre 

and cotton fabric > brick and pig meat. 

Considering that microscopy has been the technique used to look for the post-blast 

residues from explosives, it is understand-able that highly irregular surfaces offered a 

more unfriendly and problematic surface to this aim. In any case, if both homogeneous, 

heterogeneous and highly irregular materials contain post-blast residues from these 

explosives, the non-irregular surfaces should be easily and rapidly examined by confocal 

Raman microscopy whereas the highly irregular surfaces could be reserved for other sort 

of analysis such as capillary electrophoresis or ion chroma- tography (the analytical 

techniques commonly used in forensic laboratories to determine inorganic ions). Thus, 

the samples recovered during evidence recovery can be classified in different groups in 

order to be suitably analyzed using the most appropriate and informative technique in 

each case. 
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