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Abstract 
 
Fingermark variability is a critical parameter. To mitigate the effects of this variability, synthetic 
secretions in the form of simple mixtures of target compounds found in eccrine sweat have been 
described in the literature, but they are usually reactive towards only a minimal range of detection 
techniques. If this approach is acceptable for the production of single-technique test strips, such 
artificial secretions cannot be considered as reliable fingermark simulants because they do not 
reproduce the complex matrix that makes up real secretions. Research has shown that sebaceous and 
eccrine compounds are probably present simultaneously in fingermark residue in the form of an 
emulsion. 
This paper is the first part of a research project that aims at producing realistic artificial fingermarks 
containing an extensive range of eccrine and sebaceous compounds. This first study aimed to 
reproduce and compare two synthetic fingermark residues formulations and assess their potential to 
be used as fingermark simulants. Spot tests of the artificial secretions were deposited on paper 
substrates, and their reactivity with four common detection techniques was tested: 1,2-indanedione-
zinc, ninhydrin, oil red O, and physical developer. Both formulations showed very good results when 
processed with the two amino acid reagents, as well as oil red O, and no obvious differences were 
observed between the two versions. The results obtained with the physical developer were 
inconsistent and demonstrated that the fundamental working principle of physical developer needs 
to be further understood. 
The results were extremely promising as they showed the potential of such reproducible artificial 
secretions to be used to assess an extensive range of detection techniques, which would be highly 
beneficial to guarantee better research and quality control in fingermark detection. The use of spot 
tests to deposit the simulant was shown to be unreliable and a more controllable and reproducible 
deposition method using an inkjet printer will be presented in the second part of this research. 
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Introduction 
 
Variability is an inherent critical characteristic of latent fingermarks. Forensic practitioners must deal 
with this aspect in their everyday work. Fingermark variability originates from two main parameters: 
(i) the chemical composition of the secretions that can considerably vary between individuals and for 
the same individual at different times and (ii) external factors such as the pressure applied by the 
finger during deposition, the substrate types, or the environmental conditions. The challenges arising 
from this variability have led to increased reported efforts to try to minimise variability factors while 
keeping the number of fingermarks needed to conduct research to a manageable level [1]. It should 
be noted that the International Fingerprint Research Group (IFRG) Guidelines provide several 
recommendations to diminish the impact of fingermark variability. Still, it is done through the 
collection of a substantial number of fingermarks, which makes the process labour-intensive and time-
consuming [2].  
 
Fingermark composition has been extensively studied and is now very well known [3-6]. It is also 
generally recognized that the chemical composition of fingermark residues can largely vary between 
individuals. This is why attempts to try and control this variability (or at least reduce its effects) have 
been presented. Some studies have suggested controlling fingermark deposition through the design 
of fingerprint samples devices that allow for the pressure, time, and angle of contact of the finger with 
the surface to be controlled by the operator [7-9]. However, deposition parameters only account for 
a small portion of the variability [1]. Therefore, standard solutions containing some compounds 
commonly found in fingermark residues have been presented in the literature. The composition of 
these artificial secretions is usually limited to a few target compounds and are only suitable to produce 
test strips for quick assessment of detection technique performance on porous [10-15] or non-porous 
substrates [16]. Moreover, artificial secretions containing solely eccrine or sebaceous compounds 
cannot be considered as reliable fingermark simulants because their reactivity is limited to sweat- and 
sebum-targeting techniques, respectively. 
 
Following this trend in artificial secretions, fingermark simulants have been commercialised and are 
usually found in the form of pads soaked in mixtures of chemicals. These pads have been proved 
unreliable in both their chemical composition and the way the simulant is deposited on the substrate 
and cannot, therefore, be recommended for use in research or practice [17, 18]. 
 
To create a more realistic simulant that can be used to assess a broader range of techniques 
individually and in sequence, both eccrine and sebaceous compounds must be present in the artificial 
residue. It is known that fatty compounds found in latent fingermarks residue are specifically targeted 
by some detection techniques such as lipid stains (e.g. oil red O (ORO), basic violet 3, solvent black 3), 
powder suspensions (e.g. small particle reagent) or gold/zinc vacuum metal deposition [19-21]. Some 
other techniques do not target specifically sebaceous compounds, but their presence is required for 
the technique to work (e.g. physical developer) [22-24]. Therefore, a reliable simulant cannot be 
considered without the incorporation of compounds found in the sebum.  
Dorakumbura and co-workers studied the heterogeneous distribution of eccrine and sebaceous 
compounds in fingermark residues. They provided visual evidence that the chemical composition and 
distribution of chemical components within a latent fingermark take the form of either water-in-oil 
(w/o) or oil-in-water (o/w) emulsions [25]. They also observed an abundance of lipid material in 



natural fingermarks. Pure eccrine fingermarks are rarely encountered in practice, and it is suggested 
that latent fingermarks are composed mainly of a w/o emulsion.  
 
Following this idea, promising synthetic emulsions containing compounds found in eccrine and 
sebaceous secretions have been developed. Two particularly promising formulations have been 
described by Sisco et al. [26] and de la Hunty [27]. A list of the compounds found in the eccrine and 
sebaceous fractions of these emulsions can be found in Table 1 and Table 2. 
 

Table 1: Chemical composition of Sisco et al. and de la Hunty's formulations (eccrine fractions). Adapted 
from [1]. Compounds present in both formulations are highlighted in bold. 

Class of component 
Sisco et al. [26] de la Hunty [27] 

Compound Concentration (mM) Compound Concentration (mM) 

Inorganic salts 

Potassium chloride 18.779 --- --- 
Sodium chloride 22.224 Sodium chloride 0.044 

Sodium bicarbonate 2.976 --- --- 
Ammonium hydroxide 4.993 --- --- 
Magnesium chloride 0.420 --- --- 

Amino acids 

Serine 2.617 Serine 0.083 
Glycine 1.798 Glycine 0.050 

Ornithine 0.832 Ornithine 0.033 
Alanine 0.898 Alanine 0.025 

Aspartic acid 0.301 --- --- 
Threonine 0.336 Threonine 0.014 
Histidine 0.258 Histidine 0.013 

--- --- --- --- 
Valine 0.265 --- --- 

Leucine 0.229 Leucine 0.008 
--- --- Lysine 0.006 
--- --- Phenylalanine 0.005 

Other components 

Lactic acid 21.093 --- --- 
Urea 8.326 --- --- 

Pyruvic acid 0.227 --- --- 
Acetic acid 0.083 --- --- 

Hexanoic acid 0.043 --- --- 
 

  



Table 2: Chemical composition of Sisco et al. and de la Hunty's formulations (sebaceous fractions). Adapted 
from [1]. Compounds found in both formulations are highlighted in bold. 

Class of component 
Sisco et al. [26] de la Hunty [27] 

Compound Quantity (mg) Compound Quantity (mg) 

Free fatty acids 

Hexanoic acid 50 --- --- 
Heptanoic acid 50 --- --- 
Octanoic acid 50 --- --- 
Nonanoic acid 50 --- --- 

Dodecanoic acid 50 --- --- 
Tridecanoic acid 50 --- --- 

Myristic acid 50 --- --- 
Pentadecanoic acid 50 --- --- 

Palmitic acid 55 Palmitic acid 55 
Stearic acid 55 Stearic acid 55 

Arachidic acid 50 --- --- 
Linoleic acid 55 --- --- 

Oleic acid 55 Oleic acid 115 

Triglycerides 

Triolein 275 --- --- 
Tricaprylin 20 --- --- 
Tricaprin 20 --- --- 
Trilaurin 20 --- --- 

Trimyristin 20 --- --- 
Tripalmitin 20 --- --- 

--- --- Vegetable oil 264 

Other components 

Squalene 120 Squalene 88 
Cholesterol 30 Cholesterol 33 

Cholesterol n-Decanoate 40 --- --- 
Cetyl palmitate 155 --- --- 

--- --- Stigmasterol 16 
--- --- α-tocopherol 5 

 
The emulsion developed by Sisco et al. was used as a standard for mass spectrometric analysis and 
chemical imaging [26]. The authors emphasised that the inherent variability of fingermark 
composition was an issue in that comparison and assessment of analytical techniques could not be 
appropriately undertaken as chemical signatures of different deposited fingermarks could significantly 
change. They developed a complex emulsion made of the most represented classes of compounds 
found in eccrine and sebaceous secretions, for a total of 42 compounds. Artificial fingermarks were 
deposited with a 3D-printed stamp on 3 different substrates (glass, paper and packing tape) and 
detected with a range of detection techniques commonly used on these surfaces: black and 
fluorescent fingerprint powders, 1,2-indanedione, ninhydrin (NIN), cyanoacrylate fuming, and gentian 
violet. Their results showed that not only the mass spectrum signature was very similar to that of real 
fingermark composition, but also that all artificial fingermarks were able to be developed, in very high 
quality, with the chosen reagents. It is important to note that Steareth-20 (now called Brij S20) was 
used as a surfactant to stabilise the emulsion. It is an exogenous compound of eccrine and sebaceous 
sweat composition (this is why it is not shown in Table 1 or Table 2) but can sometimes be found in 
fingermark residues contaminated by cosmetics. 
 



The second emulsion was developed by de la Hunty to study PD reactivity with fingermark deposits 
[27]. A different approach was chosen as the emulsion contained only 18 components, which were 
endogenous to fingermark secretions. The stability of the emulsion relied on the known properties of 
oleic acid to act as a surfactant without the need to add any exogenous compound to the emulsion. 
De la Hunty’s emulsion showed excellent reactivity with PD and 1,2-indanedione/zinc (IND-Zn). 
 
The main difference between the two synthetic sweat formulations lies in the presence of inorganic 
salts and other compounds (such as lactic acid and urea) in Sisco et al. that are not present in de la 
Hunty’s version. It is important to highlight such additions as they could impact the interaction 
between the compounds and their reaction with detection techniques. 
Interestingly, both sebum solutions have squalene and cholesterol in their formulation. The addition 
of these two compounds is critical as it was shown that their absence could lead to important changes 
in the interaction between the compounds [28]. The main difference between the two synthetic 
sebum solutions is the number of added fatty acids and triglycerides. Sisco et al. use a significant 
number of pure fatty acids and triglycerides as their study aimed to obtain a chemical signature as 
close as possible to that of real fingermarks residues. On the other hand, de la Hunty’s version contains 
only three different fatty acids, while commercial vegetable oil is used as the source of triglycerides. 
 
These emulsions are a significant improvement compared to previously published formulations as 
they incorporate target compounds found not only in eccrine but also in sebaceous secretions. This 
opens the door to potential compatibility of these artificial secretions with detection sequences 
targeting more than one type of compounds. However, as they are isolated studies and because the 
emulsions were developed for particular purposes (standard for mass spectrometric analysis [26] and 
fundamental study of physical developer detection mechanism [27]), their potential application as 
fingermark simulants needs to be further investigated. This paper is the first of a series of studies that 
will present a methodology to create controllable artificial secretions and a reproducible technique to 
produce realistic artificial fingermarks. The main challenge is to propose a formulation that would be 
reactive towards a selected number of detection techniques while having physical properties that 
allow for the emulsion to be easily transferred onto the substrate. This first study aims to compare 
the artificial secretions developed by Sisco et al. and de la Hunty and determine the most promising 
formulation that could be relied upon for further improvements fingermark simulant applications. The 
core idea of this research is not to promote a one-size-fits-all approach, but instead to better 
understand those artificial secretions and their potential. This first paper focuses mainly on 
fundamental understanding of the physico-chemical properties of the artificial secretions and their 
interaction with fingermark detection techniques. In-depth comparisons with real fingermarks will be 
presented in the second part of this research dedicated to the inkjet printing of the most promising 
solution among those tested.  

 
  



Materials and methods 
 

General methodology 
 

This research is divided in two parts. The first one, presented here, is focused on comparing two 
synthetic fingermark residues described in the literature and determining which one holds the best 
potential in terms of complexity, reactivity with selected detection techniques, and physico-chemical 
properties. The second part will present a method to print artificial fingermarks using an inkjet printer. 
The selected formulation will be printed on different substrates and detected with a range of 
detection techniques. This second part will particularly focus on the compatibility of artificial 
secretions with detection sequences and the comparison of the results with real fingermarks. Other 
parameters such as aging or effects of immersion will also be studied. 
 
Chemicals and products 
 
All amino acids and free fatty acids, as well as sodium chloride, magnesium chloride (anhydrous) 
sodium bicarbonate, lactic acid, pyruvic acid, squalene, stigmasterol, potassium chloride, cholesteryl 
decylate, BrijTM S20, hexane (anhydrous), and dichloromethane, were purchased from Sigma-Aldrich. 
All triglycerides, as well as hexadecyl palmitate, were purchased from Tokyo Chemical Industry. 
Cholesterol, and urea were purchased from Ajax Finechem. Ammonia solution, and acetic acid were 
purchased from Chem-Supply. Vegetable oil (Crisco – Coles Australia) and vitamin E oil (Plunkett’s – 
Priceline Australia) were used as sources of triglycerides and tocopheryl acetate, respectively. For the 
detection techniques, 1,2-indanedione was purchased from RedyChemtech. Glacial acetic acid was 
purchased from RCI Labscan Ltd. Zinc chloride was purchased from Scharlau. Ninhydrin, ethyl acetate, 
oil red o, methanol, nitric acid, and maleic acid were purchased from Sigma-Aldrich. Absolute ethanol 
was purchased from VWR chemicals. HFE-7100 was purchased from 3M Novec. Sodium hydroxide was 
purchased from Rowe Scientific Pty Ltd. Sodium carbonate, ferric nitrate nonahydrate, silver nitrate, 
citric acid monohydrate, and Tween® 20 were purchased from ChemSupply Pty Ltd. Ammonium 
ferrous sulfate hexahydrate was purchased from Ajax Finechem. N-dodecylamine acetate was 
purchased from MP Biomedicals. All chemicals were stored as recommended by the provider, were 
analytical reagent grade, and used as supplied. 
A detailed list of the chemicals and products used, as well as their purity, can be found in the 
supplementary material (Table S1 and S2). 
 
Preparation of synthetic sweat solutions 
 
Before forming the emulsion, the synthetic sweat and sebum solutions had to be prepared separately. 
The first synthetic sweat stock solution was prepared according to de la Hunty’s formulation with 
minor modifications [27] (Table 1). The final solution had an amino acid concentration of 255 mg/L as 
preliminary tests had shown that the original concentration reported by de la Hunty (25.5 mg/L) was 
not always detected with NIN. Sisco et al. artificial sweat was prepared as recommended by the 
authors without further modifications [26] (Table 1). The synthetic sweat solutions were stored in 
clear Schott bottles; they will be named sweatD and sweatS, respectively throughout the article. 
 



Preparation of synthetic sebum solutions 
 
De la Hunty’s sebum formulation was reproduced without modifications [27] (Table 2). All sebaceous 
compounds were dissolved in a vial containing 30 mL of dichloromethane (DCM). For clarity, this 
sebum formulation will be named sebumD from now on. Besides, a concentrated synthetic sebum 
solution, based on the same formulation, was prepared by doubling the concentration of the 
compounds in Table 2. This concentrated version will be named sebumconc in this paper. The 
formulation described by Sisco et al. [26] (Table 2) produced a very low amount of sebum. For this 
reason, all the quantities were multiplied by three (for a total mass of 4170 mg). This sebum will be 
called sebumS in this paper. 
 
Preparation of the emulsions 
 
Two versions of the emulsion described by de la Hunty were prepared. The first one was prepared 
following the published formulation, without modifications [27]. Besides, the other emulsion was 
prepared by replacing sebumD with sebumconc. These emulsions will be referred to as emulsionD and 
emulsionconc, respectively, from now on. 
Sisco et al. emulsion was prepared following the recommendations, without modifications. [26]. This 
emulsion is called emulsionS in the rest of this paper. 
 
Reactivity assessment of the artificial secretions 
 
Comparisons between the formulations were undertaken in two sets of experiments. In the first one, 
both synthetic sweat solutions (sweatD and sweatS) and synthetic sebum solutions (sebumD and 
sebumS) were compared separately to assess the reactivity of each fraction (eccrine and sebaceous) 
towards compatible detection techniques. Comparisons of the reactivity between the two synthetic 
sweat solutions, rich in amino acids, were undertaken through processing with IND-Zn and NIN. The 
two synthetic sebum solutions were treated with the lipid stain ORO, as well as PD, and the results 
were also compared. 
 
In the second set of experiments, the emulsions (emulsionD, emulsionconc, and emulsionS) were tested 
and compared. These comparisons aimed to determine if the emulsification of eccrine and sebaceous 
compounds influenced their reactivity towards the studied detection techniques and if any difference 
could be seen between the three formulations. 
 
Deposition and visualisation method 
 
Synthetic sweatD, sweatS, sebumD, and sebumS were pipetted on two different kinds of paper: white 
copy paper (Canon Black Label Zero, 80 gsm) and filter paper (Advantec Filter Paper Qualitative). 20 
µL of each solution were pipetted 3 times on each paper type for a total of 24 spot tests (12 per paper 
type). Both sebum solutions were sonicated a few minutes before pipetting to ensure homogeneity in 
the mixture. All spot tests were left to dry overnight before being treated. 
 



Spot tests of sweatD and sweatS were processed with working solutions of IND-Zn and NIN, while spot 
tests of sebumD and sebumS were treated with working solutions of ORO and PD. All the detection 
techniques were prepared and applied according to Stoilovic & Lennard [29]. 
 
Because of the difference of consistency between emulsionD/emulsionconc and emulsionS, different 
deposition methods were used. EmulsionD and emulsionconc were pipetted on copy and filter paper 
following the same methodology as previously described for the artificial sweat and sebum 
formulations. Because emulsionS was too thick to be reproducibly pipetted, rubber stamps were used 
to deposit the simulant [18]. A small quantity of the emulsion was deposited on a glass microscopy 
slide and the rubber stamp was pressed against the slide to spread the emulsion across the entire 
surface. The quantity of emulsion deposited was not monitored but was sufficient to cover the surface 
of the stamp. The stamp was then pressed 5 times against copy paper to deposit the emulsion in a 
depletion series. This was done twice for a total of 10 depositions. The spot tests and stamp 
depositions made with the three emulsions were treated with IND-Zn, NIN, ORO, and PD applied 
individually, following the protocol described by Stoilovic & Lennard [29]. 
 
All results were imaged using a Polilight PL500 (Rofin Australia Pty Ltd) and an EOS 750D (Canon) DSLR 
camera equipped with a 60mm macro lens. Spot tests treated with IND-Zn were imaged in 
luminescence with a 530nm green light and a 590nm band pass filter; spot tests treated with NIN, 
ORO and PD were imaged in white light. Lighting and camera parameters (shutter speed, aperture and 
ISO value) were kept constant to image all spot tests detected with the same technique to allow for 
visual comparison. 
 
The results obtained for each formulation were placed side by side to facilitate visual comparisons. 
Parameters that were assessed were the color/luminescence and intensity of the spots, the migration 
of the synthetic secretions in the paper, and the spots' homogeneity. For the depositions made with 
the rubber stamp, only the color and intensity were evaluated. 

 

Results 
 
Artificial secretions synthesis  
 
Both eccrine solutions, once prepared, were clear in color. SebumD was light yellow (Figure 1a) and 
liquid at room temperature. When stored in a fridge at 5°C, a white residue (Figure 1b) was formed 
and the synthetic sebum had to be sonicated a few minutes before use to ensure its complete 
dissolution. For the concentrated sebumconc, dissolution of all the compounds was achieved after an 
extended time compared to sebumD and the white precipitate formed in the fridge was thicker and 
necessitated a longer sonication to be dissolved again. SebumS was a white solid at room temperature 
(Figure 1c) and had to be sonicated at 35°C to form a clear liquid before being used (Figure 1d). 
 



 

Figure 1: Synthetic sebumD (a) freshly prepared and (b) formation of a white precipitate when stored in the 
fridge at 5°C. Synthetic sebumS at (c) room temperature and (d) after sonication at 35°C. 

 

Regarding emulsionD, preliminary tests have shown that DCM interfered with the emulsification. It 
was, therefore, crucial to ensure that the DCM was fully evaporated before adding sweatD to the 
sebumD. The final emulsion had the appearance of a milky white liquid (Figure 2). Evaporating the 
DCM from sebumconc yielded a higher quantity of dry sebum than when sebumD was used, but no 
visible differences were seen between the two versions of the emulsion. Both were milky white in 
color and had the same consistency. EmulsionS had the consistency of a liquid cream at room 
temperature and hardened quickly when stored in the fridge until forming a wax-like material. Before 
use, to be more easily applied to the substrate, the emulsion was placed in a warm bath (35°C) and 
sonicated to facilitate liquefaction. 
 

 

Figure 2: EmulsionD freshly prepared. Emulsionconc and emulsionS were identical in color and are not 
illustrated. 

 
Synthetic sweat assessment 
 
Images of the two synthetic sweat solutions deposited on copy and filter paper, detected with IND-Zn 
and NIN are presented below (Table 3). No obvious difference could be seen between the two 
formulations. NIN results appeared slightly darker for sweatS on both types of paper. This was 
attributed to differences in concentration between the two formulations (255 mg/L for sweatD and 

(a) (b) (c) (d) 



780 mg/L for sweatS). No difference was observed for IND-Zn results. A change in color could be 
observed on the edges of the spot tests deposited on copy paper and treated with NIN. This could be 
explained by an inhomogeneous migration of the solution inside the paper fibres. This phenomenon 
did not take place on the filter paper and was attributed to the paper type. It was also not excluded 
that some components of the copy paper might have migrated with the spots and concentrated on 
the edges. 
 

Table 3: SweatD and sweatS deposited on copy and filter paper and detected with IND-Zn and NIN. Slight 
differences in color and contrast can be observed. 

 Copy paper Filter paper 

 SweatD SweatS SweatD SweatS 

IN
D-

Zn
 

    

N
IN

 

    
 
Differences in coloration could be seen between the two types of paper. A similar color difference was 
also observed when fingermarks were detected on those substrates (Figure 3). Once again, this effect 
was probably induced by differences in paper properties and composition and affected the synthetic 
sweat solutions in a similar manner as real fingermarks. 
 

 
Figure 3: NIN reaction with fingermark deposited on copy paper (left) and filter paper (right) showing slight 
changes in coloration depending on the paper type. The contrast for both images has been enhanced using 

Adobe Photoshop CC. 

 



Synthetic sebum assessment 
 
Results obtained for both synthetic sebum solutions after treatment with ORO and PD are illustrated 
in Table 4. It should be noted that the spot tests deposited with sebumD and sebumS did not dry 
identically. White solids were observed at the centre of the spot tests made with sebumS, while this 
was not the case with sebumD. Also, because of the high concentration of lipids in the sebaceous 
solutions, sebum spot tests were still visible as greasy spots on the paper after being left to dry 
overnight. In contrast, synthetic sweat spot tests were not visible when dried. ORO-treated spot tests 
were well defined on filter paper, whereas satellite red spots could be seen around the main spot on 
copy paper. This was observed with both sebum solutions and could be attributed to paper properties 
and migration of some of the paper components with the liquid, similarly to what was observed with 
the synthetic sweat. Differences in the homogeneity of the spots could be observed depending on the 
type of paper and the sebum solution. This effect was previously reported by Nielson, who observed 
differences in the homogeneity of spots of amino acid pipetted on different types of paper [30]. 
SebumD on copy paper led to a homogenous coloration on the whole surface of the spot tests. In 
contrast, the spot tests deposited on filter paper appeared slightly lighter on the edges. SebumS spot 
tests appeared darker at their centre on both types of paper. This phenomenon was thought to be 
due to the migration of the lipids inside the paper fibres but could also result from the white residues 
observed at the centre of the spot tests deposited with sebumS. It was already observed that sebumS 
did not remain liquid at room temperature and tended to harden a few minutes after sonication. This 
was presumably what happened as well when it was pipetted on paper; the spot was not entirely 
absorbed by the paper and hardened at the centre where more solution was present. This would 
explain the relative homogeneity of the sebumD spot tests that remained liquid at room temperature 
and migrated in the paper more homogeneously. 
 
Table 4: SebumD and SebumS deposited on copy and filter paper and detected with ORO and PD. Differences 

can be seen in the homogeneity of the spot tests. 

 
Copy paper Filter paper 

SebumD SebumS SebumD SebumS 

O
RO

 

    

PD
 

    
 
Spot tests processed with PD reacted very differently depending on the type of synthetic sebum used. 
On copy paper, sebumD spots had a homogeneous grey color but were very faint in intensity. On the 
other hand, the spot tests deposited with sebumS were very intense at their centre, and the color 



faded on the edges of the spots. These results were consistent with the observations made on spots 
detected with ORO, with a more concentrated area of sebumS in the centre of the spot. It is thought 
that silver deposition was initiated preferentially on this area of particularly concentrated sebum. 
However, no such observation was made on filter paper, even though a more concentrated centre 
was also observed on ORO-detected sebumS spot tests. The spot tests deposited with sebumS on filter 
paper and detected with PD were very faint and showed a slightly darker halo on the edges. SebumD 
spots were slightly darker on the edges, but silver deposition was limited. 
 
Overall, there were no critical differences between the two versions of the synthetic sweat and sebum 
solutions. The small differences observed with the synthetic sweat solutions were attributed to 
different amino acid concentrations, while the homogeneity and color of the spots were shown to 
vary depending on the paper type. The differences observed between the two sebum formulations 
were mostly attributed to differences in viscosity and the fact that sebumS was not migrating in the 
paper as homogeneously as sebumD. Paper properties also seemed to play a role in the homogeneity 
of the spots and visible silver deposition on the spots processed with PD. To have a clearer view of the 
potential of each of the formulations, the reactivity of the emulsions had to be further compared and 
assessed; the is the focus of the following section. 
 
Synthetic emulsions assessment 
 
Results obtained with each of the three emulsions (spot tests for emulsionD/emulsionconc and stamp 
depositions for emulsionS) on copy paper are shown in Table 5. For all the emulsions, the results 
obtained after IND-Zn and NIN processing were very similar to those obtained with the synthetic 
sweatD and sweatS (Table 3). ORO detection led to interesting results on emulsionD spot tests. It was 
observed that the sebaceous fraction of the spots, which appeared in red after ORO processing, was 
concentrated at the centre and did not migrate in the same way as the eccrine part that can be seen 
surrounding the central red spot. This phenomenon was even more apparent when the same spot test 
was treated in sequence with IND-Zn, NIN, and ORO (Figure 4). The increased sebum concentration in 
emulsionconc had a clear effect on the intensity of the ORO reaction; the spot at the centre of the 
deposition was more intensely stained and was more homogeneous. The same phenomenon was 
observed on filter paper, even if the spot was more diffused.  



Table 5: EmulsionD, emulsionS, and emulsionconc detected with IND-Zn, NIN, ORO, and PD on copy paper. 
SebumD concentration has a clear impact on the intensity of the reaction with ORO. 

 EmulsionD EmulsionS Emulsionconc 

IN
D-

Zn
 

 
 

 

N
IN

 

 
 

 

O
RO

 

 
 

 

PD
 

 
 

 

 

 
Figure 4: An emulsionconc spot test sequentially processed with IND-Zn (left), NIN (centre), and ORO (right). 
The silhouette of the eccrine fraction detected with the amino acid reagents can be seen around the spot 

detected with ORO, and the sebaceous part is slightly visible around the area where the spot test was 
deposited on the first two images. 



 
The results obtained with ORO-processed emulsionS were very intense. Using a stamp to deposit the 
emulsion allowed the visualisation of the simulant. Still, it was difficult (if not impossible) to control 
the amount of material loaded on the stamp and deposited on the substrate. This issue was already 
highlighted in a previous study [18] and is detrimental to the production of controlled depositions. 
This led to undefined patterns with very few visible details and non-reproducible results. When the 
quantity of emulsion deposited decreased throughout a depletion series, the quality tended to 
increase slightly before decreasing again due to a loss in contrast (Figure 5). This was observed with 
all the detection techniques tested and highlighted the importance of the choice of deposition 
method. 
 

 
Figure 5: Series of 5 depletions of emulsionS deposited with a stamp and detected with IND-Zn. An increase 

in quality can be observed down to the third depletion, followed by a loss in quality due to a decrease in 
contrast (depletion numbers are indicated from 1 to 5). 

 
PD results were very variable, and no clear trend was detected. Spot tests of emulsionD and 
emulsionconc detected with the technique on copy paper led to two different types of results: slight 
silver deposition on the edges of the spot (as seen in Table 5) or a strong background development 
with no silver deposition in the spot area (Figure 6a). Interestingly, PD processing of emulsionconc did 
not lead to an increased silver deposition compared to emulsionD. On filter paper, all the spots 
remained mostly undetected (Figure 6b). Stamp depositions made with the emulsionS and processed 
with PD resulted in a pale, yellowish-colored result (Table 5). This kind of result was never observed 
on real fingermarks processed with PD and could not be explained by the usual silver deposition that 
occurs during the process. 
 

 

Figure 6: Spot test of emulsionD deposited on (a) copy paper and (b) filter paper and processed with PD. 

 
Interestingly, while the paper tended to break the emulsion when pipetted (with the sebaceous and 
eccrine fractions migrating in different ways), this phenomenon was not observed on the stamp 
depositions of emulsionS. This is probably due to the high viscosity of emulsionS that was not absorbed 

(1) (2) (3) (4) (5) 

(a) (b) 



in the paper as much as the liquid emulsionD and, therefore, did not migrate in the paper fibres enough 
to separate the eccrine and sebaceous phases. 
 

General discussion 
 
In regards to the selection of synthetic sweat, it should be noted that the formulation described by 
Schwarz [10] and reused by Hong et al. in a separate study [13] was not retained in this study because 
preliminary tests have shown that it produced very similar results to de la Hunty’s. Other amino acid 
mixtures have been presented in the literature [12, 14, 15] but they had not been published at the 
time the present study was undertaken and were therefore not assessed.  
 
No obvious differences were observed between the results obtained with de la Hunty’s and Sisco et 
al. formulations when processed with routine fingermark detection techniques. Artificial sweatD and 
sweatS both reacted with amino acid reagents in an expected way, with a strong luminescence for 
IND-Zn treatment and the usual Ruhemann’s purple for NIN reaction. Overall, the synthetic sweat 
formulations were considered equivalent. The presence of inorganic salts and other compounds such 
as urea or lactic acid in sweatS did not have any visible effect on the reactivity with the amino acid 
reagents. The paper type was shown to have more influence on the results than the artificial sweat 
composition for the two formulations compared.  
 
ORO is a lysochrome that interacts with the fats and lipids in latent fingermarks, resulting in a 
red/brownish-colored result [20]. Therefore, it can be used to detect fingermarks on substrates that 
have been exposed to water. The technique was chosen because its detection mechanism is well 
understood and leads to unambiguous results. Moreover, good results were expected given that the 
target compounds of ORO include cholesterol and fatty acids [31], which are found in fingermark 
residue and were also present in both synthetic sebum solutions tested. An intense coloration was 
observed when artificial sebumD and sebumS were treated with ORO. As expected, the spot tests 
appeared deep red after processing, but differences in the homogeneity of the spots were noted, with 
stronger staining at the centre of the spots that was particularly visible on spot tests deposited with 
sebumS. 
 
Interestingly, PD results demonstrated that the occurrence of silver deposition might depend on 
numerous factors, including paper type and sebum concentration. The difference in detection 
between the two sebum formulations was evident and could be explained by the fact that sebumS 
remained concentrated at the centre of the spot while sebumD migrated homogeneously in the paper. 
The differences observed between the two sebum solutions could not be attributed unambiguously 
to the differences in their respective formulations, and none of the versions showed a clear advantage 
over the other at that stage. 
 
All three emulsions showed positive reactions towards IND-Zn, NIN, and ORO, but some notable 
characteristics were noted. First of all, the eccrine part did not seem to be affected by the 
emulsification process in any of the formulations; spot tests deposited with emulsionD/emulsionconc 
and stamp depositions of emulsionS all showed a clear positive reaction with amino acid reagents that 
was very similar to what was observed with the synthetic sweat on its own. ORO staining of emulsionD 



resulted in a weaker red coloration compared to pure sebumD. This was indicative that the sebaceous 
part was less concentrated when present in the emulsion. These observations supported the 
hypothesis of an o/w emulsion, with the sebum being dispersed in the continuous sweat phase. An 
increase in sebum concentration (in emulsionconc) led to a stronger reaction with ORO and 
demonstrated that emulsification could still be achieved when the concentration of the dispersed 
phase was modified. On the other hand, emulsionS depositions processed with ORO were clearly 
detected, with an intense red color observed. However, the impossibility to reproducibly control the 
amount of material loaded on the stamp and deposited onto the substrate was a paramount issue 
that prevented any clear conclusions from being drawn regarding the reactivity of emulsionS. Based 
on the higher viscosity of emulsionS, it was hypothesised that this emulsion was in the w/o form, but 
no definitive conclusions could be drawn. It should also be noted that the choice not to deposit the 
emulsionS on filter paper was made to avoid any diffusion of the solution in the paper that would have 
led to even fewer details being visible. The paper appeared to separate the compounds in emulsionD 
and emulsionconc once pipetted. The sebaceous fraction remained at the centre of the spot and the 
eccrine part migrated to a greater extent. This phenomenon was attributed to the deposition method 
itself. When pipetted on the substrate, all the liquid solution was deposited on the same spot and 
migration in the substrate naturally occurred. The continuous eccrine phase and the dispersed sebum, 
due to differing chemical properties, did not migrate in the paper homogeneously, hence leading to a 
separation. EmulsionS had the consistency of a thick cosmetic cream and was not absorbed in the 
paper fibres as much as the liquid emulsionD and emulsionconc. Consequently, no separation of the 
eccrine and sebaceous phases was observed. However, it is important to underline that the separation 
observed with emulsionD and emulsionconc was not considered as a problem since the authors are 
convinced that this could be avoided by using an alternative deposition method that would transfer a 
limited amount of solution on the paper. Besides, it should be mentioned that the amounts of 
secretions deposited using spot tests cannot be considered realistic as it is expected to be significantly 
higher than the amount of natural secretions deposited by a finger. This is why direct comparisons 
with real fingermarks were not considered in this study as the results would have been hardly 
interpretable. Using a deposition method such as inkjet printing is expected to solve most of the issues 
related to the amount of material transferred to and the interactions with the substrate. Inkjet 
printing will be studied in the second part of this research. 
 
The results obtained show that the addition of Brij S20 in emulsionS does not seem to interfere with 
the detection compared to emulsionD and emulsionconc, which both contain oleic acid as a surfactant. 
Fatty acids are ideal surfactants given their amphiphilic properties and their natural occurrence in 
fingermark residue, and some of them may help in the formation of an emulsion. Oleic acid is a mono-
unsaturated fatty acid and one of the most abundant fatty acids found in sebum. Like other 
compounds containing double bonds, oleic acid is particularly prone to degradation over time, which 
is why it is sometimes monitored in fingermark ageing studies [6, 32]. Interestingly, oleic acid has 
previously been used as a target compound on a PD-test strip [11, 23, 27]. However, its reactivity 
towards PD does not seem to be verified when oleic acid is included in the emulsion, as demonstrated 
by the poor results obtained with the technique. This suggests that oleic acid concentration might be 
an important factor. None of the spot tests deposited with the emulsionD were properly detected 
when processed with PD. The development reported by de la Hunty [27] could not be reproduced, 
even though emulsionD was prepared with the same protocol. This could be due to the stability of the 
emulsion or other factors such as the paper type or the trays used for detection. Increasing the 



concentration of the dispersed lipid phase did not have any effect on the performance of PD, the 
concentration of the sebaceous part of fingermark residue was, therefore, not the only parameter 
playing a role in silver deposition. Spot tests were left to age for a few days to test if the reactivity with 
PD, which is known to perform better on older depositions [31], would increase but without success. 
The stamp depositions made with the emulsionS and detected with PD were visible, but the color and 
contrast did not match the usual results obtained with real fingermarks. The pale yellow color 
observed was thought to result from some PD redox solution trapped within the emulsion matrix. This 
result is still unexplained but could result from the addition of some compounds in the emulsion that 
are not found or found in different proportions in real fingermarks, or from the physico-chemical 
properties of the emulsion. Those results once again highlighted the complexity of the PD technique, 
as the mechanisms of preferential silver deposition and the target compounds are yet to be fully 
understood. This also raised an important question: should PD mechanisms be understood before 
developing artificial secretions or should those secretions be used to understand those mechanisms? 
There is no straightforward answer here as specific target compounds may help understanding some 
of the mechanisms involved but real fingermarks should be considered if those mechanisms are to be 
confirmed on a large range of deposition qualities. 
 
The main differences between the two versions of artificial secretions were the number of chemicals 
used, the time to prepare the solutions, the quantity obtained, and their viscosity. From this point of 
view, Sisco et al. formulation required many different chemicals, some of them being very costly, and 
the time required to prepare the emulsion greatly exceeded the time of preparation of de la Hunty’s 
formulation. This was especially true for sebumS where an extended preparation time led to a smaller 
quantity of solution, even after increasing the quantities of all the chemicals in the formulation. It 
should be noted that Sisco and coworkers’ aim when developing their emulsion was to perform 
chemical analyses. A large number of pure compounds were therefore used and justified by the 
methodology. However, the complexity of this formulation makes it difficult to use in a fingermark 
detection context. Equivalent results to Sisco’s were obtained with de la Hunty’s formulations, which 
were simpler, cheaper, and could be easily reproduced across laboratories. The only exception lied in 
the results obtained with PD where sebumS performed better than sebumD. However, due to the 
uncertainties surrounding PD mechanisms, those results could hardly be assessed. Finally, the 
viscosity of emulsionS was problematic because its paste-like consistency made it impractical for use 
with inkjet printers, which is the deposition methodology that will be presented in the second part of 
this study. For these reasons, de la Hunty’s synthetic residue is considered to be the best option 
currently available. It was not deemed relevant to further modify or optimise de la Hunty’s 
formulations at this stage since they were fit for the purpose of this exploratory study. However, the 
poor results obtained with PD showed that an optimisation of the formulation would be necessary for 
the future, in line with more advanced chemical analyses to study, among others, the stability of the 
emulsion over time. Notably, the addition of proteins in the synthetic sweat formulation may influence 
the reactivity of the simulant. Proteins are of particular interest since it is thought that colloidal silver 
reacts with them. Therefore, their addition might lead to a better overall reaction of PD with the 
emulsion [33]. 
 
It is important to highlight that the aim of this study was not to find a simulant that would replace the 
use of real fingermarks. Synthetic residues can definitely help researchers in the first phases of the 
IFRG Guidelines and increase research efficiency, but real fingermarks will always be required at some 



point to study the performance of outliers. Expecting a standardised solution to cover the whole range 
of fingermark qualities leads to an interesting paradox as the inherent nature of fingermarks is 
precisely their variability, this has been discussed in a previous publication [1]. Fingermark simulants 
would probably have to be fine-tuned according to specific goals of any study. 
 

Conclusions 
 
This study aimed to investigate two different versions of artificial secretions found in the literature. 
First, four different synthetic solutions (two sweat and two sebum solutions) were created separately, 
and their reactivity was tested towards different detection techniques that are known to target 
compounds contained in eccrine sweat (IND-Zn and NIN) and sebaceous secretions (ORO). PD was also 
used since recent studies have shown that silver reduction might be triggered by a mixture of eccrine 
and sebaceous compounds. The main objective was to reproduce these formulations and determine 
which of them was the most similar to real fingermark residue in how it reacts with some of the most 
common visualisation techniques used in casework.  
 
A more complex synthetic fingermark residue was prepared through the formation of an emulsion of 
both eccrine and sebaceous fractions. Three different emulsions were produced, two of them 
(emulsionD and emulsionconc) had the appearance and viscosity of milk. The third one (emulsionS) was 
more viscous, with the consistency of a lotion cream. The emulsions were tested with the same 
detection techniques used to process the synthetic sweat and sebum solutions. The results showed 
that both formulations were reactive towards eccrine- and sebaceous-sensitive techniques. The 
results suggested that emulsionD and emulsionconc were probably in an o/w form, with the sebum 
being dispersed in a continuous sweat phase. Conversely, the observations made on emulsionS were 
supportive of a w/o emulsion. No satisfying PD detection was achieved with any of the emulsions, and 
the results on synthetic sebum have shown that silver reduction might be induced by a combination 
of different factors, including the type of paper and the concentration of the synthetic sebum. The 
high viscosity of emulsionS made it impossible to be deposited with a pipette and the stamping method 
was shown to be non-reproducible. Viscosity and complexity were the critical parameters that led to 
the choice of excluding this formulation. 
 
These results showed that a synthetic fingermark residue could be obtained using a reasonable 
number of chemical compounds and that the resulting emulsion effectively reacted with amino acid 
reagents and a lipid-sensitive detection technique, making it compatible to testing with detection 
sequences. The absence of silver reduction when PD was used further demonstrated the lack of 
understanding regarding the detection mechanisms of this particular technique. Given the very good 
results obtained with the other detection techniques, de la Hunty’s synthetic secretions were judged 
as the most promising to produce artificial fingermarks. 
 
Finally, it was shown that the use of spot tests led to inhomogeneous results due to differences in the 
way the solutions migrated in the paper fibres. The amount of synthetic residue deposited on the 
paper was also deemed unrealistic and prevented any direct comparisons with real fingermarks. To 
optimise the process, not only should the chemical composition of the solutions be known and 
controllable, but the deposition method should also be as reproducible as possible and lead to 



depositions that are comparable to real fingermarks in terms of amount of secretion transferred to 
the substrate. A method to produce artificial fingermarks using an inkjet printer will allow control of 
the chemical composition and the deposition factors at the same time and will be reported in a 
subsequent publication.  
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