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Abstract 

This novel investigation focused on studying the transfer of explosive residues (TNT, 

HMTD, PETN, ANFO, dynamite, black powder, NH4NO3, KNO3, NaClO3) in ten 

consecutive fingerprints to two different surfaces – cotton fabric and polycarbonate 

plastic – by using multispectral imaging (MSI). Imaging was performed employing a 

reflex camera in a purpose-built photo studio. Images were processed in MATLAB to 

select the most discriminating frame – the one that provided the sharpest contrast between 

the explosive and the material in the red-green-blue (RGB) visible region. The amount of 

explosive residues transferred in each fingerprint was determined as the number of pixels 

containing explosive particles. First, the pattern of PETN transfer by ten different persons 

in successive fingerprints was studied. No significant differences in the pattern of transfer 

of PETN between subjects were observed, which was also confirmed by multivariate 

analysis of variance (MANOVA). Then, the transfer of traces of the nine above 

explosives in ten consecutive fingerprints to cotton fabric and polycarbonate plastic was 

investigated. The obtained results demonstrated that the amount of explosive residues 

deposited on successive fingerprints tended to undergo a power or exponential decrease, 

with the exception of inorganic salts (NH4NO3, KNO3, NaClO3) and ANFO (consists of 

90% NH4NO3). 
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1. Introduction 

In recent years, numerous terrorist attacks have taken place globally, representing a 

constant threat to citizens in many countries. It is very probable that when a terrorist 

handles an explosive, there will remain a certain amount of explosive residues on his/her 

hands and clothes. Therefore, the detection of explosive traces directly from the hands 

and cloths of suspects [1–3] or through the collection of the explosive traces by swabbing 

[4–8] has been the subject of many studies. In this regard, Perret et al. [4] demonstrated 

that handling of different explosives resulted in significant transfer of explosives to the 

hands and traces were still detectable even after washing hands with soap. Furthermore, 

explosive residues may be transferred from contaminated hands and clothes to other 

items, such as laptops, luggage, etc. The search for and detection of trace amounts of 

explosives on people and objects at airports and other high-risk venues is a major 

challenge in counterterrorism activities [9,10]. The transfer of explosive residues through 

a person's fingerprints enables the detection of concealed explosives through surface 

sampling [11]. As a matter of fact, fingerprints are one of the main means for transferring 

trace amounts of explosives during handling and preparation of improvised explosive 

devices [12]. To date, significant progress has been made in the detection of explosive 

traces in fingerprints [12–21]. Lately, there has been keen interest in developing methods 

for the rapid detection of explosive residues in fingerprints by using various 

spectroscopic, imaging and microscopic techniques, including laser-induced breakdown 

spectroscopy [12,22,23], X-ray fluorescence [24], vibrational spectroscopy (infrared 

[1,2,17,25–27] and Raman [14,28–32]) and visible spectroscopy [33]. Most studies are 

focused on detecting and identifying the explosive residues from fingerprints placed on 

different surfaces, which is the most important goal for counterterrorism purposes. 

However, the transfer of explosives in consecutive fingerprints to those materials on 

which they are detected has been scarcely studied. In this respect, Turano [34] quantified 

the amount of NH4NO3 and KClO3 deposited by successive fingerprints on three 

different surfaces (filter paper, polypropylene, and polyurethane) by using ion 

chromatography. Verkouteren et al. [10] analyzed and characterized fifty composition-4 

(C-4) fingerprints by using polarized light microscopy and image analysis. Gresham et 

al. [35] determined the mass of 1,3,5-trinitroperhydro-1,3,5-triazine (RDX) and the 

particle size distribution of the C-4 residues deposited on polyethylene films by 

fingerprint transfer. Mass of RDX was determined by gas chromatography and the 
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particle size distribution of residues was determined by microscopic examination. Choi 

and Son [36] used ion mobility spectrometry to detect traces of RDX and TNT transferred 

to three smear matrices – stainless steel mesh, cellulose paper and cotton fabric – by using 

a stainless steel roller. 

Spectral imaging is a well-known non-destructive, fast and inexpensive technique with 

high potential for studying the transfer of explosive residues since it combines the spectral 

and spatial information about the imaged sample [17]. Although, selective spectral ranges 

using infrared or Raman vibrational spectroscopy are needed for explosives 

identification, the identification of explosives was not the objective of this study. This 

work aims to study the transfer of known explosives through successive fingerprints to 

different materials. For this purpose, the simplest visible multispectral imaging (MSI) 

system consisting of red-green-blue (RGB) wavelengths that operate in professional and 

non-professional cameras as well as mobile phones was applied. The goal of the study 

was to develop a simple approach for acquiring fundamental knowledge about the transfer 

of explosive residues in ten consecutive fingerprints to two different surfaces, cotton 

fabric and polycarbonate plastic. 

 

2. Materials and methods 

2.1. Explosives and inorganic salts 

In this research, the transfer of nine different explosive residues –TNT, HMTD, PETN, 

dynamite, ANFO, black powder, NH4NO3, KNO3, NaClO3 – was examined. Organic 

explosives and explosive mixtures were obtained from TEDAX, Spanish Explosive 

Ordnance Disposal (EOD). Inorganic salts (NH4NO3, KNO3, NaClO3) were purchased 

from Sigma-Aldrich (St. Louis, MO, USA) and were of ACS reagent grade (purity>98%). 

The composition and average particle diameter of the studied explosive residues are given 

in Table 1. However, during the experiments it was observed that, in some cases, the 

particles of explosives became aggregated because of the pressing/transfer procedure. 

 

2.2. Sample preparation and fingerprint collection 
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HMTD, PETN, ANFO, black powder, NH4NO3, KNO3 and NaClO3 were obtained 

already in powdered form and were used without any pretreatment before experiments. 

Initial experiments showed that big and heavy particles of non-treated TNT (≈5mm 

particles and 12–13 mg) and dynamite (2 cm cylindrical cartridge) did not adhere to the 

finger and therefore transfer did not occur. Due to this, it was decided to prepare 

powdered dynamite and TNT in order to study the transfer of explosives with a similar 

weight (10 mg) and range of particle sizes (< 1 mm). For this, TNT was dissolved in 

acetonitrile. The solution was left to dry overnight to enable evaporation of acetonitrile. 

As a result, the powdered TNT remained on Petri dish. Dynamite was mechanically 

powdered in the mortar. The particle sizes after these pretreatments are indicated in Table 

1. 

Table 1. Composition and average particle diameter of the studied explosive residues. 
Explosive 

residues 
Compositiona 

Average particle 

diameterb (µm) 

NH4NO3 Ammonium nitrate (100%) ≈ 300 

KNO3 Potassium nitrate (100%) ≈ 400 

NaClO3 Sodium chlorate (100%) ≈ 500 

ANFO Ammonium nitrate (90%) + diesel (10%) ≈ 500 

Dynamite* Ammonium nitrate (66%) + ethylene glycol dinitrate (29%) + 

nitrocellulose (1%) + dibutyl phthalate (2.5%) + sawdust (1.2%) + 

calcium carbonate (0.3%) 

≈ 300 

Black powder Potassium nitrate (75%) + charcoal (15%) + sulfur (10%) ≈ 400 (KNO3) 

≈ 50 (charcoal) 

TNT* 2,4,6-Trinitrotoluene (100%) ≈ 75 

HMTD Hexamethylene triperoxide diamine (100%) ≈ 20  

PETN Pentaerythritol tetranitrate (100%) ≈ 40 
a Information provided by the manufacturer or by TEDAX (Spanish EOD). 
b Experimentally determined by averaging the diameter of 30-50 particles by using a Raman microscope 

(Thermo Scientific, Waltham, MA, USA). 

* Particle diameter after sample preparation (Section 2.2). 

 

Cotton fabric and polycarbonate plastic as the two most common clothing and luggage 

materials, respectively, were chosen to study the transfer of explosive residues through 

fingerprints. For experiments, a cotton T-shirt bought from a local supermarket was cut 

into 3×3 cm pieces. A 5-gallon (ca 19 L) polycarbonate plastic water bottle was also cut 

into 3×3 cm pieces, instead of using a real polycarbonate luggage. 

The amount of explosive residues remaining in fingerprints depends on the initial amount 

present on a person's hands, the number of successive impressions made after 

contamination and the force applied by the contaminated finger [10,11]. Therefore, to 

take repeatable fingerprints, the applied force (1 kg) and time (3 s), were fixed to 
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standardize the transfer procedure. The controlled force was applied by placing a 1- kg 

cuboid bottle on the index finger while taking the fingerprints. The time was fixed with a 

stopper. Additionally, the printing surfaces were all prepared in the same manner and the 

fingerprints were taken by ensuring the contact of the whole index finger area with the 

surface. To ensure the presence of the same amount of natural oils and sweat in the finger, 

a subject's hands were always washed 15 min before each experiment. During these 15 

min the normal routine work was allowed to continue. The initial amount of explosive 

was always balanced at around 10.00 mg on a weighing pan using an Ohaus DV215CD 

analytical balance with a precision of 5 decimal places (0.00001 g). As previously 

evidenced in Table 1, the average particle size was different for each explosive, and 

consequently the number of particles contained in 10 mg of substance was different for 

each explosive. For instance, 10 mg meant 5–40 particles for inorganic salts (KNO3, 

NH4NO3 and NaClO3), while hundreds/thousands of particles for organic explosives 

(PETN, HMTD, powdered TNT) and black powder (due to fine particles of charcoal). 

The number of particles for 10 mg of ANFO and dynamite was intermediate. 

 

2.3. Instrumentation 

Fingerprints of explosive residues on the two studied surfaces were photographed using 

the Nikon D5000 Digital SLR Camera equipped with a 12.9 megapixel DX-format 

CMOS sensor and AF-S DX Zoom-Nikkor 18–55mm f/3.5–5.6G ED II lens. A purpose-

built photo studio having controlled light, tripod (a fixed height and perpendicular angle) 

and remote control was used to minimize the error of imaging. Pictures of samples were 

taken together with that of a clean blank sample (cotton or polycarbonate) to check the 

correct intensity value for the background of each picture. Three replicates per explosive 

and material were prepared. Using the remote control three consecutive photographs of 

each replicate were taken. 

 

2.4. Image processing 

Image processing was performed in MATLAB R2017a (MathWorks, USA) using a self-

written code. The used image processing was similar to the previous study performed by 

this research group [37]. Three pictures of each replicate were processed as follows. The 

region of interest (ROI) was selected by removing the unnecessary edges of the image. 
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Raw images contained 2848×4288 pixels × 3 wavelengths, the spatial resolution of each 

pixel was 19.2×19.2 μm. ROI involved a square selection of 1000×1000 pixels in the 

correct frame. In order to select the correct frame, the three RGB frames of each image 

were compared. The frame that provided the sharpest contrast between the explosive and 

the background material was chosen. This contrast was evaluated by both the visual 

inspection of the image and the numerical examination of the values in the matrix. For 

instance, in case of red cotton fabric and white explosive, the green frame was selected, 

while for polycarbonate plastic and white explosive, the red frame was selected, as 

summarized in Table 2. In fact, the selection of materials of the above colours was not 

random. Bearing in mind the aim of maximizing the contrast, materials of different 

colours (i.e. green, blue, red, grey, white and black cotton fabrics or paper sheets placed 

behind the transparent polycarbonate plastic) were initially examined. Of the tested 

materials, red cotton fabric provided the highest contrast for both white and dark 

explosives. Regarding the coloured paper sheet placed behind polycarbonate, black paper 

for white explosives, and light grey paper for black powder were selected. 

Table 2. Selected frames and optimized intensity threshold values for counting the explosive 

particles on each surface. 

 
RGB frame 

selected 

Intensity threshold value (0-1) 

0= completely black, 1= completely white 

White explosives on red cotton Green > 0.39 

Black powder on red cotton 
Red 

Green 

< 0.30 (black charcoal particles) 

> 0.34 (white-grayish KNO3 particles)* 

White explosives on polycarbonate  

(dark background behind polycarbonate) 
Red > 0.39 

Black powder on polycarbonate  

(light background behind polycarbonate) 
Blue 

< 0.59 (black charcoal + white-grayish KNO3 

particles)* 

*KNO3 particles were covered with charcoal and were therefore not completely white. 

 

After selecting the proper frame, the amount of pixels containing explosive residues was 

quantified. To this end, pixels whose values of intensity in the specific frame exceeded a 

specific value were summed up. Different intensity thresholds were tested by controlling 

the maximum intensity present in the blank sample and assuring visually that the program 

would not count any pixels from the background. Then, the quantification of pixels in 

each image was performed through automatically counting the pixels whose intensity 

values were higher (in case of white explosives) or lower (in case of black powder) than 



 

8 
 

the threshold value. For black powder on cotton fabric, the combination of two frames 

was employed and the number of greyish and black pixels were finally summed up. Table 

2 summarizes the threshold values optimized for each surface and explosive to count the 

explosive particles on that surface. 

After counting the pixels, the image was binarized, i.e. converted only to black and white 

(values 0 and 1 only) for better visualization. A simplified scheme of image processing 

in MATLAB for ANFO on cotton fabric is displayed in Fig. 1. 

 

Fig. 1. Simplified scheme of image processing in MATLAB: A) explosive residues (ANFO) on 

cotton fabric (left) compared to a blank sample (right), B) RGB frames for evaluation and 

selection, C) selection of ROI in the correct frame (I) and binarization of the image (II). 

 

It is important to point out that the number of pixels containing explosive residues in the 

image does not exactly respond to the number of explosive particles itself. The two 

reasons for this are that (a) the size of the particles is different even within the same 

explosive and (b) the particles may become aggregated during the pressing/transferring 

procedure, but only pixels in the upper layer of fingerprints are counted. Nevertheless, 

despite the above-mentioned shortcomings, some fundamental insights can be established 

about the transfer of explosive residues. 

 

2.5. Data treatment 
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The numbers of pixels obtained by MATLAB were imported as a matrix to Excel 

(Microsoft Office 2016) and STATGRAPHICS Centurion XVI.I (Statpoint 

Technologies, Inc., USA). Different fitting trendlines using Excel were tested by 

evaluating the R2 coefficient. Multivariate Analysis of Variance (MANOVA) was 

performed in STATGRAPHICS to analyse the variance in the amount of pixels 

containing explosives among samples and replicates. Before performing MANOVA it 

was verified that data distribution was normal and linear, there was homogeneity of 

variances and no outliers were present. The number of dependent variables was 10 (ten 

fingerprints) to 1 predictive factor (subjects). In brief, an analysis of variance (ANOVA) 

was conducted for each variable separately, evaluating its performance at an alpha level 

of 0.05. The multiple comparison procedure to discriminate among the means of 

transferred explosive residues between subjects was based on Fisher's least significant 

difference (LSD). 

 

3. Results and discussion 

3.1. Transfer of explosive residues in ten consecutive fingerprints by ten 

persons 

The transfer of PETN in ten consecutive fingerprints to cotton fabric was investigated. 

Ten consecutive fingerprints were taken of ten persons in triplicate. The test group 

consisted of five females and five males at the age between 22 and 29 years. A 

standardized procedure (as described in Section 2.2) for taking fingerprints was followed 

by all participants. To this end, the index finger of each person's right hand was exposed 

for 3 s to 10 mg of the explosive powder on a weighing pan. After that, the fingertip with 

the explosive particles adhered to was pressed consecutively on ten pieces of cotton 

fabric. The amount of explosive particles remaining on the weighing pan was re-weighed 

after pressing the finger on the pan to determine the initial amount of explosive adhered 

to the subject's fingertip. This was done by subtracting the two weight values of the 

weighing pan (initial and after). 

The amount of PETN adhered to the bare finger after pressing varied from 3.7 to 7.5 mg 

between the subjects. Interestingly, the pattern of transfer of PETN through successive 
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impressions to cotton fabric was similar in all subjects – the amount of explosive residues 

in the fingerprints decreased with the increasing number of fingerprintings. 

The graph showing the average number of pixels containing PETN residues (with 

standard deviation) in each fingerprint taken of the ten subjects is depicted in Fig. 2. As 

an example, the pictures of ten consecutive fingerprints of PETN on cotton fabric taken 

of one person are also given in the figure. 

 

Fig. 2. Graph showing the variation of the amount of PETN (amount of pixels) transferred through 

ten successive fingerprints of ten persons. As an example, images of ten consecutive fingerprints 

of one person are shown (red squares 1–10). 
 

According to the standard deviation bars seen on Fig. 2, it is evident that there were 

differences in the amounts of PETN (amount of pixels) transferred by the subjects despite 

employing the standardized fingerprinting procedure. However, even with those 

differences, the general results were the same – a similar decrease in the transferred 

amounts of PETN through successive fingerprints was observed for every person. In fact, 

this decrease of the transferred PETN amount in consecutive fingerprints may be 

explained using the power function y=42556x−1.844 with an acceptable coefficient of 

determination (R2 =0.99). 

In order to check whether the slight differences visually observed among the subjects 

were statistically significant, MANOVA was performed. Since the p-value for the first 
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variable (the first fingerprint) was less than 0.05 (p-value was 0.0132), there was a 

statistically significant difference between the subjects considering the first fingerprint at 

a 95.0% confidence level (i.e. rejection of the null hypothesis). ANOVA results for all 

the other variables gave p-values higher than 0.05, which meant that the differences in 

the amount of transferred explosive residues between subjects from their second to tenth 

fingerprint were not statistically significant. 

A popular way to investigate the cause of rejection of the null hypothesis is the multiple 

comparison procedure. Therefore, this procedure was applied to the ANOVA of the first 

variable (the first fingerprint) to determine which means were significantly different from 

which others. The Fisher's LSD estimated difference between each pair of means showed 

that out of 45 pairs (all possible combinations among the ten persons), 14 pairs of means 

showed statistically significant differences at a 95.0% confidence level. From Table 3 it 

can be seen that five groups were created using columns of X's. Within each column, the 

levels containing X's form a group of means within which there were no statistically 

significant differences. 

Table 3. Multiple comparison procedure of the ANOVA results of the first fingerprint for the ten 

subjects.  

 Groups in which 

transfer is not 

significantly 

different 

Subject 1 X     

Subject 2 X X    

Subject 3 X X X   

Subject 4 X X X X  

Subject 5  X X X X 

Subject 6   X X X 

Subject 7   X X X 

Subject 8   X X X 

Subject 9    X X 

Subject 10     X 

 

Surprisingly, even though there were significant differences in the explosive amount 

present in the first fingerprint between some specific subjects, Table 3 reveals that none 

of the subjects differed markedly from the others. The amount of transferred explosive 

residues in consecutive fingerprints remained in a definite similar range for all subjects. 

For example, even though there were statistically significant differences (considering the 
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first fingerprint) between subjects 1 and 10, no statistical differences between subjects 1 

and 4, neither between subjects 4 and 9 or between subjects 9 and 10 were observed. 

Despite the statistically significant differences that may occur between some persons in 

the explosive amount in their first fingerprint, there are no differences that perfectly 

distinguish people's transfer behaviour. In conclusion, there is not a significant influence 

from the person when transferring the explosives while following a standardized 

procedure. 

 

3.2. Transfer of residues of nine explosives in ten consecutive fingerprints to 

cotton fabric or polycarbonate plastic 

The transfer of residues of nine different explosives (HMTD, TNT, PETN, black powder, 

dynamite, ANFO, NH4NO3, KNO3 and NaClO3) in ten fingerprints to two surfaces, 

cotton fabric and polycarbonate plastic, was investigated. It was evidenced in the 

preceding experiment that the transfer of explosive residues was not strongly influenced 

by the person doing it when following a standardized procedure. Therefore, only one 

person (doing three replicates per explosive residue and surface) participated in all the 

experiments. 

As in the preceding experiment, the weighing pan with the explosive residues was 

balanced before and after pressing the finger on it to determine the amount of explosive 

which had adhered to the subjects’ fingertips. Interestingly, residues of NH4NO3, KNO3, 

NaClO3, ANFO, dynamite, TNT and HMTD adhered to fingertips almost entirely from 

the weighing pan – the adherence of residues to the fingertip after one touch was 93 ± 4% 

(n=42). However, the amount of black powder and PETN adhered to the person's fingertip 

after the first pressing was lower and more variable compared to the other explosives, 

being 62 ± 11% (n=6) and 72 ± 8% (n=6), respectively. 

Fig. 3 displays, as an example, one replicate of ten successive fingerprints containing 

HMTD, TNT, black powder and KNO3 on cotton fabric and polycarbonate plastic. As 

can be visually observed from the figure, the amount of residues of explosives transferred 

through fingerprints significantly varies for every explosive. In addition, there seems to 

be differences in the transferred explosive amount between consecutive impressions. In 
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fact, there are several studies that demonstrated some variability in the amount of 

transferred explosive from one fingerprint to the next [10,34,35]. However, no far-

reaching conclusions can be drawn on the basis of visual examination only. Therefore, in 

this study information contained in the multispectral image was maximized by 

quantifying the pixels containing explosive residues. 

 

Fig. 3. Transfer of explosive residues in ten successive fingerprints to cotton fabric (A) and 

polycarbonate plastic (B). I – HMTD, II – TNT, III – black powder, IV – KNO3. 

 

According to the obtained results, two entirely different tendencies could be observed in 

the transfer of explosive residues through consecutive fingerprints when using a 

standardized procedure. On the one hand, organic explosives (HMTD, TNT, PETN), 

black powder and dynamite evidenced a particular decrease in the amount of transferred 

residues through consecutive fingerprints. On the other hand, no clear decrease in the 

amount of transferred residues of oxidizing inorganic salts (NH4NO3, KNO3, NaClO3) 

and ANFO (composed of 90% NH4NO3) through consecutive fingerprints was noticed. 

Instead, a random transfer of residues of these explosives was noticed. 

The transferred amount of residues of HMTD, TNT, PETN, black powder and dynamite 

showed a clear decrease (either power or exponential) as illustrated in Fig. 4. Fig. 4 
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displays the quantification of pixels containing explosive residues (y-axis) on consecutive 

fingerprints (x-axis) together with the respective fitted functions for the transfer of each 

explosive, as well as their mathematical equations and coefficients of determination. 

 
Fig. 4. Bar graphs, fitting trendlines, mathematical equations and coefficients of determination 

showing the amounts of transferred explosive residues undergoing a particular decrease along the 

ten consecutive fingerprints. X-axis: ten consecutive fingerprints, y-axis: amount of pixels 

containing explosive residues. 
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The amount of HTMD transferred to both surfaces under study was clearly the highest. 

Large number of residues of this explosive could be found in all fingerprints, including 

the tenth. It should be pointed out that HMTD represented the finest powder (average 

particle diameter 20 μm), which could explain the higher amounts of transferred residues 

of this explosive compared to the other explosives. However, the amounts of HMTD 

residues transferred to cotton fabric and polycarbonate plastic somewhat differed. 

Specifically, the amount of HMTD transferred to polycarbonate plastic fitted perfectly a 

power function (R2 =0.99), while the amount transferred to cotton fabric presented a 

slighter decrease (exponential) through consecutive fingerprints and underwent some 

dispersion that accounted for the lower value of R2. 

The amount of TNT transferred to both surfaces was also higher compared to the other 

explosives. Based on the quantification of the pixels containing explosive residues (Fig. 

4), the transfer of TNT in fingerprints also depended on the target surface. There was a 

clear decrease through ten fingerprints to cotton fabric – there were only a few particles 

left by the last fingerprints. This decrease could be explained by an exponential function 

with R2 of 0.98. On the other hand, the transfer of TNT to polycarbonate plastic followed 

a tendency that fitted the power function (R2 =0.93). 

The patterns of transfer of PETN to both materials were very similar and the amounts 

transferred showed a clear decrease in consecutive fingerprints. The transfer of PETN to 

cotton fabric and polycarbonate plastic was best described by power functions with R2 

being 0.96 for both surfaces. 

The transfer of black powder was characterized by a huge amount of residues left in the 

first fingerprint on both surfaces (see Fig. 4), while the second fingerprint contained 

approximately five to eight times less residues than the first. One explanation to this may 

be related to the dryness of black powder (due to the charcoal present) and therefore it 

did not adhere very firmly to the finger, so after the first touch almost the whole amount 

of explosive fell off from the finger to the surface. Since there were a lot of particles in 

the first fingerprint and few particles by the last fingerprints, this decay was explained 

best by power functions, R2 being 0.94 and 0.88 for cotton fabric and polycarbonate 

plastic, respectively. 

Similarly to PETN and black powder, the transfer of dynamite fitted best power functions 

to both surfaces (R2 was 0.93 and 0.89 for cotton fabric and polycarbonate plastic, 
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respectively). However, the amounts of residues transferred to polycarbonate plastic 

(especially in the first fingerprints) were higher than those transferred to cotton fabric. 

In general, it was noticed that the transfer of explosive residues was not only affected by 

the type of explosive, but also by the surface to which the residues were transferred. In 

fact, the amount of transferred organic explosives HMTD and TNT underwent an 

exponential decrease when transferred to cotton fabric, while a power decrease when 

transferred to polycarbonate plastic. The transfer of PETN, black powder and dynamite 

fitted best the power decrease in case of both surfaces, indicating that these explosives 

influenced their transfer more than the surface to which they were transferred. 

The transfer of residues of NH4NO3, KNO3, NaClO3 and ANFO was quite chaotic with 

ten consecutive fingerprints to cotton fabric and polycarbonate plastic (see Fig. 5). 

The pattern of transfer of inorganic salts NH4NO3, KNO3 and NaClO3 to both surfaces 

under study was rather random and unpredictable. However, as displayed in Fig. 5, the 

amount of residues transferred to polycarbonate plastic was very low, on several 

occasions the number of pixels containing residues was almost zero, as against cotton 

fabric. Among these three inorganic salts, NaClO3 showed the lowest degree of transfer, 

while the amount of KNO3 transferred was the highest. Overall, the transfer of inorganic 

salts by fingertip was poor (up to 24,000 explosive-pixels for salt explosive residues, 

while up to 167,000 pixels for organic explosive residues). Due to their high 

hygroscopicity the salt particles tended to adhere to the bare finger rather than to be 

transferred to another surface. What is more, the hygroscopic salts formed aggregates 

which occasionally dropped from the finger during the transfer procedure. This behaviour 

explained the huge standard deviations obtained for these salts since already one large 

particle of KNO3 or NH4NO3 could contain 1000 pixels. Therefore, the occasional 

transfer of a couple of explosive particles increased significantly the standard deviation 

value. Turano [34] also suggested that variations in his work were likely due to the salt 

aggregates formed. 

The amount of ANFO transferred to cotton fabric showed a doubtful decrease not fitting 

well to either the power or exponential function. In fact, the pattern of transfer of ANFO 

to cotton fabric was similar to that of inorganic salts, which is well understood since 

ANFO consists of 90% NH4NO3. However, to both surfaces the amount of ANFO 

particles transferred was higher compared to those of NH4NO3. The particles of ANFO 

were oily (one component of which is fuel oil) and when pressuring on them with a warm 
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fingertip, the particles became aggregated. This resulted in the adherence of the particles 

to the bare finger, making the transfer less controllable. For instance, one big aggregate 

may correspond to 3600 pixels in the image, while a smaller particle contained about 30 

pixels. This explains the large error (standard deviation) in the transferred amounts when 

an aggregate is inevitably formed and dropped during the transfer procedure. The amount 

of ANFO particles transferred to polycarbonate plastic in each fingerprint was similar and 

no decrease in the transferred amount in consecutive fingerprints was observed. 

 
Fig. 5. Bar graphs and standard deviations showing the transfer of explosive residues of random 

nature through ten consecutive fingerprints. X-axis: ten consecutive fingerprints; y-axis: amount 

of pixels containing explosive residues. 
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4. Conclusions 

A pioneering fundamental study evaluating the transfer of explosive residues through ten 

consecutive fingerprints to two different surfaces – cotton fabric and polycarbonate 

plastic – was carried out using a simple RGB-multispectral imaging approach. The 

contrast in images was maximized utilizing advantageous coloured backgrounds and 

selecting the proper frame. This enabled us to estimate the amount of transferred 

explosive residues through the number of pixels in the image containing explosive 

residues. Despite the small inequality that may exist between the amount of explosive 

residues and number of pixels, on the basis of the results obtained, some general 

conclusions can be drawn. 

First, it was shown using PETN as an example that a person does not seem to have a 

significant impact on the transfer of explosive residues when following a standardized 

procedure – similar transfer patterns of PETN residues were observed for all subjects. 

Nevertheless, for stating a general conclusion, further studies with involvement of more 

subjects and explosives would give more reliable results. 

Regarding explosives, large amount of residues of organic explosives HMTD and TNT 

were transferred showing either an exponential or power decrease. The amount of 

residues of PETN, black powder and dynamite transferred throughout ten fingerprints 

was lower, but nonetheless displayed a power decrease on both surfaces, cotton fabric 

and polycarbonate plastic. On the other hand, no decrease of the transferred amounts of 

inorganic oxidizing salts (NH4NO3, KNO3 and NaClO3) and ANFO was observed – the 

transfer seemed to be mainly governed by random effects. 

Regarding the surfaces under study, cotton fabric and polycarbonate plastic, in general, 

higher amounts of explosive residues were left on the former, which was probably due to 

the stronger adherence of explosive residues to its fibres than to the smooth surface of 

polycarbonate plastic. In addition, a sharper decrease in the amount of explosive residues 

transferred with ten fingerprints to polycarbonate plastic was observed (the transferred 

amounts of all the explosive residues that presented a decrease, exhibited a power 

decrease in polycarbonate plastic). 
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In general, the results obtained may contribute to the scarcely investigated, yet important 

field – the transfer of explosives through fingerprints to different materials. To date, most 

investigations have dealt with the trace detection of explosive residues but only few of 

them have focused on studying the explosives transfer. In fact, still a huge amount of 

work remains to be done in order to have a more accurate understanding about the transfer 

pattern of explosives. Further studies including other explosives and ammunitions should 

be carried out, involving more subjects and more replicates, as well as higher number of 

fingerprints, to have more representative results. These proposed studies would further 

increase the knowledge about the transfer pattern of different explosives in various 

circumstances. 
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