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Dear Dr Margot, 

 

 Further to our correspondence, I would like to resubmit a paper for your journal, 

Forensic Science International.  Although I disagree with the reviewers on a couple of points 

I have accepted their view and I believe I have accommodated all of the issues that they 

raised. As the reviewers said it was ‘an interesting study of corrosion of metals by fingermark 

deposits’ and it was ‘a well thought out fundamental study’ and ‘a sensible and informative 

approach’, I would be grateful if you could reconsider the revised paper.. 

 

The study looks at a variety of techniques for  enhancement of fingermarks on metals by 

chemical reaction, and employed confocal microscopy and SEM/EDX to examine  the 

reaction products. This has helped provide some insights into the mechanism of enhancement 

as well as suggesting areas for further study. 

 

 

Yours sincerely, 

Dr G Wightman 
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Abstract 

The interaction of fingermark deposits on metals has been examined by a variety of 

techniques. Visualisation by film growth has been the main area of investigation 

through: thermal oxidation, anodising, peroxide solution, and the interaction with 

vapour of iodine and ammonium sulphide. Corrosion of the underlying metal has also 

been examined as an alternative means of visualisation.  

Confocal microscopy was used to look at the film thickness and corrosion products 

around the prints. Scanning electron microscopy and energy dispersion of X-rays 

(SEM-EDX) examined a number of metal samples to investigate film growth and the 

elemental distribution. The observations suggest that differential oxidation was 

occurring as well as corrosion into the metal. Fingermark deposits on metals can 

corrode into the metal depending on the reactivity of the metal and leave a 

recoverable mark. However, fingermark deposits can also alter the rate of chemical 

reaction of the substrate metal by oxidation. In some cases organic matter can inhibit 

reaction, both when forming an oxide layer and when corroding the metal. However, 
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signs of third level detail from pore contact may also be visible and the monovalent 

ions from salts could also influence film growth.  

Whilst further work would need to be carried out to decide whether any of these 

techniques may have application in fingermark recovery, this study does suggest 

that fingermarks on metals may be recoverable after incidents such as fires or 

immersion in water. 

 

 

 



Highlights 

 The potential development of latent fingermarks on metals has been examined by a variety 

of techniques. 

 Thermal oxidation, anodising, reaction with iodine or ammonium sulphide vapour, and 

peroxide were all examined for film growth along with a study of the selective corrosion of 

the metal substrate. 

 SEM, EDX and confocal microscopy have been used to identify how fingermark deposits can 

interact with the metal and reagent 

 There is potential for fingermark recovery on metal after fires or immersion in water. 
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The interaction of fingermark deposits on metal surfaces and potential 

ways for visualisation 

 

Abstract 

The interaction of fingermark deposits on metals has been examined by a variety 

of techniques. Visualisation by film growth has been the main area of 

investigation through: thermal oxidation, anodising, peroxide solution, and the 

interaction with vapour of iodine and ammonium sulphide. Corrosion of the 

underlying metal has also been examined as an alternative means of 

visualisation.  

Confocal microscopy was used to look at the film thickness and corrosion 

products around the prints. Scanning electron microscopy and energy dispersion 

of X-rays (SEM-EDX) examined a number of metal samples to investigate film 

growth and the elemental distribution. The observations suggest that differential 

oxidation was occurring as well as corrosion into the metal. Fingermark deposits 

on metals can corrode into the metal depending on the reactivity of the metal and 

leave a recoverable mark. However, fingermark deposits can also alter the rate 

of chemical reaction of the substrate metal by oxidation. In some cases organic 

matter can inhibit reaction, both when forming an oxide layer and when corroding 

the metal. However, signs of third level detail from pore contact may also be 

visible and the monovalent ions from salts could also influence film growth.  

Whilst further work would need to be carried out to decide whether any of these 

techniques may have application in fingermark recovery, this study does suggest 

that fingermarks on metals may be recoverable after incidents such as fires or 

immersion in water. 
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1. Introduction 

Metals are widely used although often they are often coated for decorative 

purposes and corrosion protection. In the case of a fire scene the metallic objects 

may be the only artefacts remaining intact (e.g. petrol cans or car bodies). 

Similarly, firearms and cartridge cases as well as knife blades, metal railings, 

door handles and door push-plates are metallic objects that may be present at 

other crime scenes. Metal theft is also an increasing problem with war memorial 

plaques and copper cabling being added to lead roofing and silverware as 

targets for criminals. Historic artefacts in museums may also contain a latent 

record of who may have handled them. Whilst latent marks on metals may be 

developed by conventional techniques, it is important to understand the limits of 

recovery (for example, in a fire) and the potential for enhanced recovery. 

Recent work by Williams et al [1, 2] and Bond [3-5] has increased the interest in 

this area. Williams used a scanning Kelvin microprobe to measure the potential 

across a surface film on 100 micron spacing and interpolated data with a 

commercial software package. Chloride ions in eccrine deposits reduced the 

passive oxide thickness, allowing a map of the latent mark to be produced. 

Fingermarks could be identified even after heating (as in a fire) or after being 

painted over. In Bond’s initial studies latent fingermarks were heated by propane 

burner to simulate the effect of a fire, and enhancement was sometimes 

observed. Bond then studied the effect of storage time and humidity on mark 

development and found the degree of development was independent of both 

these variables over the range of conditions examined. Electrostatic 

enhancement was investigated, and development occurred due to the difference 

in resistivity of different regions of the fingermark affecting the powder adhesion. 

It was hypothesised that heat destroys the organic components present in the 

perspiration residue and then a heat-induced reaction occurs. Bond proposed 

that ‘under certain conditions, the current density at the anode can result in the 

formation of a localized large concentration of metal ions that attract negatively 



charged ions and, for chloride ions this leads to the formation of hydrochloric acid 

in an autocatalytic reaction which corrodes the metal’.  

Wightman and O’ Connor [6] used heat to enhance latent fingermarks on metals, 

and in their study an electrically heated furnace was used instead of a flame in 

order to give greater control over the heating conditions. However, it was 

identified that enhancement was occurring through differential oxidation with 

regions of the fingermark oxidising at different rates. This resulted in interference 

colours and these colour differences were enhancing contrast. In the case of 

stainless steel a range of colours were observed but with brass contrast occurred 

as shades of light and dark due to absorption of part of the spectrum by the 

brass. Subsequent work by Bond [7] using X-ray photoelectron and Auger 

electron spectroscopy has confirmed the differential oxidation mechanism. 

There is forensic interest in recovering fingermarks off gun cartridges but high 

temperatures and abrasion in the weapon can destroy latent fingermarks and 

hence until recently firearms cartridge cases were not considered high priority for 

fingermark recovery but were examined primarily for tool marks. However, 

Bentsen et al [8] studied a range of techniques on spent cartridge cases and 

found that some fingermarks could be recovered. Dominick et al [9] 

demonstrated that latent marks could still be recovered after heating to 800 oC, 

although their study used glass and ceramic rather than metals as a substrate. 

Gashi et al [10] have shown that temperatures during the discharge of firearms 

may be much lower than previously thought. In their study thermal imaging was 

carried out whilst a cartridge was being fired from a Browning pistol and the 

thermal profile at various time intervals during the firing were recorded using 8-9 

μm radiation. Temperatures recorded were less than 450 K (180 oC) due to the 

thermal mass of the cartridge and gun and they were able to recover alleles from 

fingermarks on the fired cartridges. These studies therefore suggest that 

fingermarks may sometimes be recoverable after firearms incidents or arson 

cases. 



A number of liquid phase techniques have been studied to enhance latent 

fingermarks on metals. Jasuja et al [11] used aqueous electrolytes (primarily acid 

and base solutions) to enhance fingermarks on metals and concluded that 

secretions act as a barrier for reaction with the metal. As with differential 

oxidation, the technique is dependent on the reaction with the substrate, not with 

the deposit and the deposit is acting as an inhibiting barrier. Beresford et al [12] 

used electrochromic deposition of polyaniline and poly 3, 4- 

ethylenedioxythiophene which deposits between ridges in fingermarks, again 

suggesting an inhibiting effect.  By controlling the oxidation state colour contrast 

is achieved and enhances observation. McKenzie et al [13] used electrochemical 

displacement in a molten salt as their preferred technique for reaction with the 

metal substrate and used copper or brass in a silver nitrate – choline chloride – 

urea – ethylene glycol eutectic. A displacement reaction occurs with copper 

replacing the more electropositive ions in the molten salt electrolyte. Other 

displacement reactions have also been investigated, for example the work of 

Migron et al using palladium [14].  

Both Cantu et al [15] and Leben and Ramotowski [16] report on the use of gun-

blue treatment of cartridge cases and the copper selenide deposit could 

potentially reveal latent marks. Again, reaction is occurring between the metal 

and the reagent to form a film, but residues from fingermarks inhibit deposition 

and these can be enhanced by controlled oxidation of the copper selenide film.  

According to McDermott [17], James has recently reported a patination process 

for recovering fingermarks on ammunition, although details are still to be 

published. A student project in Hong Kong in 2002-3 [18] examined the possibility 

of electrolysis for fingermark recovery and presented good recovery of 

fingermarks on reactive metals,  but little else seems to have been reported on 

electrolysis apart from recent work by Nizam et al [19] recovering fingermarks on 

brass cartridge cases by electrolysis.  

If it is postulated that different regions of the metal substrate can be oxidised at 

different rates and that the ridges of the fingermark are affecting growth of the 

oxide film, then control of the rate of oxidation may provide a means of improving 



enhancement. An alternative method for film growth on metals is the use of 

electrolysis or other oxidising agents such as iodine and ammonium sulphide 

which are known to produce interference fringes on copper [20] and may 

therefore present a non-thermal route to enhancement. The present study was 

therefore carried out in order to better understand how fingermarks affect 

chemical reaction of the metal substrate and to investigate other film growth 

methods. 



2. Experimental 

2.1 Oxidation: Thermal Enhancement  

Metal discs were cut to approximately 5 cm squares, and fingermarks were 

loaded from three donors after they had washed their hands followed by 30 min 

inactivity to allow eccrine sweat to predominate in the mark. Loaded discs were 

photographed then placed on a metal tray before being placed inside the pre-

heated furnace. The heating cycle looked at the effect of varying times of heating 

since the amount of reaction depends on time as well as temperature. After 1 min 

the tray was removed, allowed to cool, photographs were taken, and the tray 

returned to the furnace for a further 3 min. This was repeated with 5, 7 and 9 min 

intervals. Three temperatures were employed for each metal, and four metals 

were investigated: brass, stainless steel, mild steel and copper (table 1) and 

operating conditions are given in table 2. Marks were graded on a 0-4 scale [21]. 

Poor enhancement occurred on 6 mm mild steel and a short series of tests was 

carried out on 0.5 mm sheet mild steel to investigate whether heat transfer was 

an issue and samples were heated at 400 oC and 600 oC for a 5 min period. 

Samples of each metal were also tested with different methods of support (on a 

metal tray or raised on a ceramic boat) in case heat transfer or air flow was an 

issue. Finally, virgin metal samples were heated with a flame and produced 

interference colours confirming that the materials used were oxidisable. 

A selection of the marks was examined by scanning electron microscope for 

microstructure and microanalysis by EDX (energy dispersion of X-rays) to identify 

the reaction products. 

 2.2 Alternative Oxidants 

Copper and brass were chosen for this series of tests since copper is known to 

react well with ammonium sulphide and with iodine [20], although a number of 

additional trials were also carried out on mild steel and stainless steel. In the 

case of oxidation by air the variables used were time and temperature for 

reaction but in the case of the sulphide and iodide films the variable was 



concentration. For ammonium sulphide trials three donors were again used and 

metal tokens were cleaned with acetone and loaded with eccrine fingermark 

deposits. The disc was placed in a petri dish in a fume hood and a drop of 

ammonium sulphide solution was placed in the dish and a lid covered the dish to 

prevent drafts and to minimise the smell as ammonium sulphide dissociates to 

yield hydrogen sulphide. The concentration was varied by using different dilutions 

of solution. In the case of iodine a similar procedure was employed with a crystal 

of iodine replacing the ammonium sulphide and concentration was varied by 

altering the iodine vapour pressure by warming the petri dish since vapour 

pressure depends exponentially on temperature according to the Clausius 

Clapeyron equation. Test conditions are given in table 3. 

Peroxide solution can oxidise various materials and tooth whiteners are based on 

carbamide peroxide so the potential of these materials to form an oxide layer was 

investigated. Two dilutions of H2O2 (15% and 30%) for various time periods (1.5 

min to 3 h) were investigated to try and produce an oxide film. Carbamide 

peroxide solution was made up (12 g in 100 mL) and the metal samples were 

placed in solution for varying periods of time. 

A final technique studied for film growth was anodising. For this study 3 different 

metals that form protective oxides were used (aluminium, stainless steel, and tin-

coated steel) with 6 different anodising solutions under various direct current 

anodising conditions (table 4). 

2.3 Corrosion of the metal substrate 

An alternative approach to building up an oxide layer on the metal is to 

selectively remove the underlying metal. Acidified peroxide solution (2.5mL of 10 

M HCl to 40 mL of 30% H202 and 26 mL of distilled water), and Fry’s reagent 

(22.5 g CuCl2, 30 ml of 36% HCl and 25 mL distilled water) diluted with water 

were used. Metal samples that had been heated to form an oxide film were 

placed in solution for periods from 30 s to 5 min.  



In two separate series of experiments samples of anodised tinned steel were 

treated with SPR suspension in water and selective corrosion was observed.  

Loaded mild steel discs were also placed in water or salt water for up to 28 days 

and were washed and observed.  

2.4 Examination of the Oxide Film 

Fingermarks were recorded photographically and examined with a Leica 

macroscope as well as being assigned a grade on a 0-4 scale. A selected 

sample of fingermarks was examined by SEM and EDX. In addition a number of 

fingermark films were examined by confocal microscope (Olympus LEXT 

OLS4000) and opto-digital microscope (Olympus DSX100). 

In the case of aluminium, copper and brass, attempts were made to remove the 

oxide layer for examination. Aluminium oxide can be removed by amalgamation 

of the aluminium using mercury chloride solution. Copper forms a thick  brittle 

oxide film that can fragment due to the different thermal expansion coefficients of 

oxide and metal and the oxide film could often be removed by applying a piece of 

forensic lifting tape. 



3 Results and Discussion 

3.1 Thermal oxidation 

The initial hypothesis had been that enhancement could be achieved through 

controlled oxidation by varying the length of time exposed to heat. However 

results were poorer than expected (table 5).  Very seldom were grade 3 or grade 

4 marks obtained, although a few were observed, mainly on brass. Some 

variation in recovery between marks from different donors was noted. 

With fingermarks on copper poor enhancement was achieved, except for 2 

donors at 600 oC. The fingermark grade generally did not improve with extended 

periods of heating, although the mark did not degrade on extended heating. 

Temperature appeared to be a more important factor than time in developing 

fingermarks. The black copper oxide produced good contrast on the orange 

colour of the metal but one problem with copper was the brittle nature of its oxide 

which began to flake off as the metal contracted, thus appearing to make the 

enhanced mark fragile. 

With brass two donors’ fingermarks gave reasonable recovery when heated 

above 400 oC  for periods over 5 to 10 minutes cumulative time (i.e. after the 3 or 

5 min period) and the marks did not degrade with extended heating.  

Stainless steel generally gave poor enhancement and an uneven oxide film 

formed. Time of heating had no apparent effect except at 750 oC where the mark 

developed when heated for 4 min. 

6 mm thick mild steel gave poor recovery of latent marks. 0.5 mm mild steel 

underwent ‘blueing’ at 400 oC with no fingermark visible but at 600 oC no blueing 

was visible and an orange fingermark had appeared due to interference colours 

from the oxide film. 

The series of tests carried out to compare the method of support showed no 

obvious trend. Again, these observations tend to suggest that temperature rather 

than time or air flow seems to be the more important factor. 

3.2 Examination of the oxide film 



Samples were examined by scanning electron microscopy and EDX as well as 

confocal microscopy to study the nature of the oxide film. 

Brass results are shown in figures 1-4 and table 6. Figure 1 shows the fingermark 

as seen under the confocal microscope. This technique allowed a greater depth 

of focus and enabled a large area to be covered at higher magnification by 

stitching sequential images together (figure 1b). Black spots could be seen that 

were thought to correspond to pores and these were examined in 3D mode and 

the z-axis was expanded (figure 2). As can be seen, these dark regions which 

had originally been thought to be pits were actually standing proud of the metal 

by around 1 micron and the appearance is more like a crater with an annulus of 

higher material. Brass treated with salt solution in the same manner showed the 

same effect (figure 3) where there is also a depression into the metal surface and 

it is presumed that sodium chloride is causing corrosion into the metal and 

corrosion products are surrounding the corrosion site, as seen in the cross-

sectional profile. 

 SEM/EDX analysis was carried out and is shown in figure 4. It appears that the 

fingermark consists of an oxide layer of differing thicknesses and the EDX 

elemental map shows a higher sodium level as well as higher oxygen and lower 

copper in these regions (zinc may be higher but is inconclusive. and requires a 

longer scan time).  Spot analysis by EDX of the ridges and hollows is given in 

table 6, but due to the variation in analyses it was not possible to confirm whether 

zinc was preferentially oxidised. The interaction zone of the electron beam is also 

likely to affect the ratio of elements by producing x-rays from the underlying 

metal. However, there does appear to be a higher proportion of oxygen in the 

ridge region and it may be that sodium is enhancing oxidation rate due to being 

monovalent and introducing vacancies into the oxide structure. 

Fingermarks could be enhanced on stainless steel and mild steel under some 

conditions of heating but SEM/EDX and confocal microscopy did not provide 

sufficient information to elicit a mechanism. Figure 5a shows a confocal 

micrograph of one example on mild steel and the oxide has built up along the 



ridges with darker spots that may correspond to pores. There appears to be 

dendritic growth occurring from the ridges and across the hollows which may 

suggest that the presence of residues left by ridge contact is enhancing oxidation 

in this case. Figure 5b shows a stitched series of 3D images with enhanced z-

axis showing that there is a difference in oxide thickness between ridges and 

hollows. Figure 5c is a similar 3D image of a pore showing the crater 

appearance. 

Copper results are shown in figures 6-9. Copper formed a black oxide layer that 

could flake off to reveal underlying metal, although sometimes the oxide would 

split into two layers as seen in figure 6 with black CuO, red Cu2O and copper 

metal. Confocal microscopy suggests that oxide preferentially fractures where 

there has been pore contact as spots can sometimes be seen on the surface of 

the oxide and can also be seen when the oxide flaked off (figure 7a). 3D images 

with an expanded z-axis are shown in figures 7b and 7c where the oxide can be 

seen and measured. The cross sectional profile shows a non-uniform oxide 

surface, possibly as part of the oxide film starts to break away and tilt. However, 

the oxide layer was about 5 μm thick. The image also shows depressions in the 

copper metal, possibly due to pores, and in figure 7c a slight rise (about 0.5 μm) 

can be seen for a region on the oxide film which again may correspond to a pore. 

SEM and EDX analysis was carried out and figure 8 shows the SEM image 

where spots (presumed to be from pores) can be seen on the oxide film 

corresponding with ridges, and some fragmentation of oxide has occurred. EDX 

analysis simply confirmed the presence of copper oxide with no other elements 

detected (ie sodium was not identified in the oxide layer). 

Whilst sometimes the fingermark could be seen in the oxide, in other cases no 

fingermark was observed on the oxide. However, evidence of a residual mark 

etched into the metal could be apparent when the oxide flaked off. An attempt 

was therefore made to lift the oxide film using lifting tape and the result can be 

seen in figures 9a and 9b where there is a faint appearance of a fingermark 

through the oxide and the underlying mark was exposed after the lift. Often the 

fingermark caused the oxide to remain attached to the metal rather than spalling 



off (figure 9c). There was also some evidence of the mark in the lifted oxide layer 

(figure 10a) and so the same technique was also applied to brass (figure 10b) 

where oxide has been lifted and reveals some of the features of the mark.  

Lifting the oxide layer from aluminium using mercury chloride solution was tried 

as it undergoes a displacement reaction with aluminium to form mercury which 

then amalgamates with the aluminium to release the oxide layer. This would not 

be a technique for general application but from a research perspective it would 

allow more detailed analysis of the oxide film. However, the oxide layer was 

fragile and disintegrated.   

Further work is required on removal of oxide layers but these observations 

suggest that recovery of fingermarks may be possible from metal artefacts of 

copper and brass after a fire. 

3.3 Film formation without heating 

3.3.1 Ammonium sulphide 

An alternative way to produce a film and hence to potentially enhance the 

fingermark is by using another oxidant. A 100/1 dilution of ammonium sulphide 

solution produced too little vapour and no reaction was observed. However, at 

10/1 dilution, enhancement could be achieved and results are shown in table 7. 

Copper reacts very quickly and whilst the marks were temporarily enhanced, they 

very quickly degraded and this would be consistent with the mark inhibiting 

oxidation of the metal but eventually the film becomes so thick that contrast is not 

observed. On brass the marks appeared more slowly and were of a poorer grade 

but they did not fade, presumably due to a slower reaction rate. Figure 11 shows 

an example of enhancement by ammonium sulphide with a high level of 

corrosion in one corner close to the solution. After storage the marks did degrade 

due to further reaction with reagent still present on the metal. The use of 

ammonium sulphide is unlikely to present a viable method of enhancement but 

may help in understanding the mechanism of enhancement. 

3.3.2 Iodine 



Iodine reacts more slowly as it has a much lower vapour pressure. To increase 

the vapour pressure the petri dish was warmed in an oven at controlled 

temperature and periodically observed. Results obtained at 30, 40 and 50 oC are 

given in table 8. As with the tests on differential oxidation with air, there was 

some variation in quality of the mark due to the donor, but iodine vapour appears 

to react at a controlled rate with both copper and brass and to enhance the mark. 

In general a longer period enhances the mark and no decline was observed with 

periods up to 8 min. Brass appeared to give better results than copper. 

SEM/EDX analysis confirmed the presence of copper and iodine and the ridge 

details. At higher magnification it appeared to be dendritic growth, although there 

also appears to be preferential growth in certain directions (figure 12b).  

3.3.3 Peroxide solution 

Hydrogen peroxide and carbamide solutions were tried with several metals 

(copper, brass, mild steel and stainless steel). The techniques produced a 

discolouration of the copper alloys similar to tarnishing, and the presence of 

fingermarks could be revealed, although over-oxidation could occur and destroy 

the mark. Bubbles were seen to form and these sometimes followed the detail of 

the fingermark (figure 13). 

 In the case of copper the metal darkens as the oxide layer forms but the ridges 

of the fingermark remain the original copper colour and this could be related to 

why the bubbles form in the shape of ridges. If the bubbles were disturbed they 

were dispersed and this prevented the fingermark from developing. Marks 

developed in 5-15 min with 15% peroxide. Using 30% peroxide copper gave 

visible marks after only 1.5 min, although samples could remain in the solution 

for up to 5min and the marks would still be very clearly visible. 

Similar observations were made with brass: the metal oxidised around the mark 

and between the ridges so the brass went very dark and the ridges appeared 

silver. 15min was found to be the best time for visualising fingermarks on brass 

with 15% solution but with 30% peroxide very few ridges were visible. This could 

be because of over – oxidation as the metal went very dark. 



Mild steel and stainless steel did not reveal any marks with hydrogen peroxide at 

15% or 30%. 

With carbamide peroxide solution the first copper sample only had a sebaceous-

loaded mark on it and after 15 min the copper had darkened because of 

oxidation but the fingermark had remained light.  On removal from the solution all 

of the solution on the mark had been repelled so the area was dry.  This could be 

a hydrophobic effect resulting in oxidation of the gaps between the ridges but not 

the ridges themselves since these appeared the original colour of the copper.  

The second sample had both a sebaceous mark and an eccrine.  Again the 

sebaceous mark acted in the same way as the first sample but the eccrine mark 

appeared to oxidise slightly and was darker than the original copper colour, but 

not as dark as the oxidised background, therefore the mark was visible but there 

was not a lot of contrast.  

Three fingermarks on brass were analysed with different exposure times.  The 

first was immersed for 5 min and there was a dark border around the sebaceous 

mark but no development of the ridges.  The eccrine mark was visible as the 

ridges had not oxidised so they were lighter against a dark background. The 

second sample was in the solution for 10 min, resulting in the sample going much 

darker but the sebaceous mark remaining golden.  The eccrine mark was also 

light against the dark background; however the ridges had started to oxidise, but 

at a different rate to the rest of the oxide layer thus allowing it to be visible. The 

final sample was in for 15 min and the sebaceous mark ridges had darkened 

slightly so they were clearly visible as the mark was much lighter than the 

background.  The eccrine mark also had a good contrast and was clearly visible. 

Peroxide may offer a means of recovery in some cases but is unlikely to be of 

general use. 

3.3.4 Anodising 

Anodising is another technique for controlled oxidation to form a film. A 

calculation of the charge transfer during electrolysis suggests that an oxide film 

comparable with wavelengths of light can be developed in a few minutes. In the 

present study 9 and 12 V  were used with a current of 0.05 – 0.5 A for 5 min and 



maximum oxide thickness would be 0.8-10 μm, assuming 100% efficiency. In 

practice electrolysis incurs energy losses so these conditions were theoretically 

the correct order of magnitude to achieve interference colours. Several anodising 

acids were investigated with aluminium, stainless steel, and tinned steel but in 

practice only tinned steel achieved much enhancement (figure 14a). This is 

consistent with the findings of Anon [18] and Nazim [19] who used electrolysis on 

more reactive metals such as zinc and brass. It is slightly surprising that 

anodising was unsuccessful as it is known in the anodising industry that 

fingermarks can produce defects in the anodising of goods, and anodising is 

used artistically and commercially to produce interference colours [22]. One 

possible explanation is the high resistance of the protective oxide film due to the 

low vacancy defects and hence higher potential or longer time may be required 

for these passive metals. The use of anodising dye post-electrolysis did show 

some potential on anodised aluminium and needs further study (figure 14b).  

3.4 Corrosion of metal substrate 

Differential film growth could occur by two mechanisms: enhancement of growth 

by the salt present and is more likely to occur with eccrine deposits or a reduction 

in rate by an organic barrier which is more likely to occur with sebaceous 

deposits or from contaminated hands (e.g. greasy hands). For example, thermal 

oxidation may be enhanced by salt whereas peroxide oxidation may be inhibited 

by grease etc. It is therefore possible that selective dissolution of the substrate 

could also be achieved by similar mechanisms – corrosion by eccrine sweat or 

inhibition by sebaceous sweat. This was tested with acidified hydrogen peroxide, 

diluted Fry’s reagent, salt water and fresh water on both untreated and oxidised 

fingermarks. 

With acidified hydrogen peroxide, copper gave good results with clear marks 

after 40 s. The surface of the copper reacted very quickly to form a dark colour, 

including between the ridges.  The ridges themselves, however, retained the 

original shiny copper colour.  The organic components of the marks may 

therefore be preventing the metal from oxidising by having a hydrophobic affect 



and repelling the solution. Brass was also treated for 40 s and it too became 

highly oxidised but the ridges of the mark remained the golden colour of brass.  

The marks had again prevented oxidation allowing the mark to be clearly visible. 

No fingermarks were visualised on the stainless steel and this will be because of 

the chromium oxide protecting it.  Mild steel oxidised very quickly in the acidified 

solution, even after 3 s the fingermark had been obscured by the corrosion 

product.  A fingermark, however, was developed after 2 s in the solution and 

although metal was still much oxidised a silver mark was visible where the ridges 

had not yet oxidised.  This, however, is not suitable because there is a fine line 

between visualising a mark and over-oxidising the sample.  One option to avoid 

this may be by using a less concentrated acid in the reagent. 

Undiluted Fry’s reagent rapidly corroded the metal (brass, tinned steel, and 

stainless steel) and erased the mark so a series of dilutions were carried out. 

Table 9 gives the results for a 10-fold dilution with immersion periods from 30 s to 

5 min. The overall increase of the identifiable marks rose from 34% to 54%. 

Etching may therefore offer some potential to enhance recovery. 

It was observed that anodised tinned steel treated with water developed rust 

between ridges (figure 15). In an alternative study examining recovery of 

fingermarks from metals immersed in fresh and sea water it was noticed that a 

layer of rust formed over the metal plate but when the loosely adhering rust was 

rinsed off the underlying metal had preferential corrosion between the ridges. 

These observations are in agreement with each other although the metal was 

probably being protected by an oxide layer in one case and by organic secretions 

in the other.  

From a practical point of view selective dissolution of the substrate would be a 

very last resort as it is destructive, but these observations do indicate how 

fingermarks on metals may subsequently be found, particularly where moisture 

or other atmospheric components cause corrosion or film formation. 



Conclusion 

This study has examined a wide range of techniques to try and recover latent 

fingermarks on metals: thermal oxidation; anodising; oxidation by iodine and 

ammonium sulphide; aqueous oxidation by peroxide; and corrosion with acid and 

with water. During the study confocal microscopy and SEM/EDX have been used 

to try and understand the mechanism of fingermark development. The 

mechanism will vary according to the thermodynamic properties of the metal or 

the components of the alloy. However, the deposition of salts and organic 

compounds onto the metal is important. Deposits may inhibit or enhance reaction 

and cause differential oxidation. Salts may enhance the oxide growth by 

introducing defects into the oxide structure, but they can also result in corrosion 

into the metal substrate. Thus a fingermark may be observed both in the oxide 

film and in the underlying metal and this can have implications for the recovery of 

fingermarks on metallic objects recovered from fires. Likewise, differential 

corrosion may result in fingermarks being recovered from metallic objects buried 

in water or damp soil. 
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Table 1. Metal samples used 

Metal Specification Typical Analysis Thickness mm 

Aluminium BS1470 SIC (1987) >99% Al 1.1 

Brass BS2874/CZ121M  58% Cu, 39% Zn, 3% Pb 0.8 or 0.3 

Copper BS2874/C101 99.9% Cu 0.35 

Stainless 

steel 

BS1449 pt 2304S31 17.5-19.0% Cr, 8.0-11.0% 

Ni 

1.0 

Mild steel AISI-1008/AISI-1010 99.2-99.6% Fe, 0.3-0.6 % 

Mn, 0.08-0.13 % C 

6.0 or 0.5 

Tinned steel BS 1449 Part 1 CR4 6μm 99.98% Sn 0.3  

 



Table 2. Test conditions for metal oxidation. 

Metal 
Temperature 
oC Times min 

Brass 200, 400, 600 1, 3, 5, 7, 9 
Copper 200, 400, 600 1, 3, 5, 7, 9 
Stainless 
steel 600, 750, 900 1, 3, 5, 7, 9 
Mild steel 450, 650, 850 1, 3, 5, 7, 9 

 



Table 3. Test conditions for sulphide and iodide reaction. 

Metal  
Saturated ammonium 
sulphide dilution 

Iodine temperature 
oC 

Brass 1, 0.1, 0.01 30, 40, 50 
Copper 1, 0.1, 0.01 30, 40, 50 

 



Table 4.Test conditions for anodising 

Anodising solution 

Sulphuric 
acid 

Chromic 
acid 

Phosphoric 
acid 

Sulfosalicylic 
acid 

Tartaric 
acid 

Boric acid 

 

Anodising conditions 

9 V 0.05 A 5 min 

12 V 0.05 A 5 min 

9 V 0.1 A 5 min 

12 V 0.1 A 5 min 

9 V 0.5 A 5 min 

12 V 0.5 A 5 min 

12 V 1 A 15 min 



Table 5Thermal enhancement of fingermarks on metal 

 



 

   Time (min)     Time (min) 

Metal Temperature Donor 1 3 5 7 9  Metal Temperature Donor 1 3 5 7 9 

Copper 200 1 0 0 0 0 0  Brass 200 1 0 0 0 0 0 

Copper 200 2 0 0 0 0 0  Brass 200 2 0 0 0 0 0 

Copper 200 3 1 1 1 1 1  Brass 200 3 1 1 1 1 1 

Copper 200 blank 0 0 0 0 0  Brass 200 blank 0 0 0 0 0 

Copper 400 1 1 1 0 0 3  Brass 400 1 2 2 2 3 3 

Copper 400 2 0 0 0 0 1  Brass 400 2 0 0 0 0 0 

Copper 400 3 0 0 0 0 2  Brass 400 3 2 2 2 2 2 

Copper 400 blank 0 0 0 0 0  Brass 400 blank 0 0 0 0 0 

Copper 600 1 2 2 2 3 3  Brass 600 1 2 2 3 3 4 

Copper 600 2 0 0 0 0 0  Brass 600 2 0 1 2 3 3 

Copper 600 3 2 2 2 2 2  Brass 600 3 0 1 2 2 2 

Copper 600 Blank 0 0 0 0 0  Brass 600 blank 0 0 0 0 0 

                 

                 

  

 

Time (Min)    

 

Time (min) 

Metal Temperature Donor 1 3 5 7 9  Metal Temperature Donor 1 3 5 7 9 

Stainless steel 600 1 2 1 2 2 1  Steel 450 1 0 0 0 1 2 

Stainless steel 600 2 0 0 1 0 0  Steel 450 2 0 0 0 0 0 

Stainless steel 600 3 3 2 2 2 2  Steel 450 3 0 0 0 0 1 

Stainless steel 600 blank 0 0 0 0 0  Steel 450 blank 0 0 0 0 0 

Stainless steel 750 1 0 2 2 2 1  Steel 650 1 0 1 2 2 2 

Stainless steel 750 2 0 0 0 0 1  Steel 650 2 0 0 0 0 1 

Stainless steel 750 3 0 2 2 2 2  Steel 650 3 0 0 0 1 1 

Stainless steel 750 blank 0 0 0 0 0  Steel 650 blank 0 0 0 0 0 

Stainless steel 900 1 2 0 1 1 1  Steel 850 1 0 0 1 1 1 

Stainless steel 900 2 1 0 0 0 0  Steel 850 2 0 0 0 0 0 

Stainless steel 900 3 2 1 2 1 1  Steel 850 3 0 0 2 2 2 

Stainless steel 900 blank 0 0 0 0 0  Steel 850 blank 0 0 0 0 0 



 Table 6 EDX analysis of oxide fingermark on brass 

BRASS ridge hollow ridge hollow 

Cu 33.47% 37.84% 32.11% 38.57% 

Zn 18.33% 19.08% 16.25% 19.62% 

O 38.63% 32.70% 43.46% 32.53% 

Na 9.57% 10.38% 8.17% 9.28% 

Cu/(Cu+Zn) 64.61% 66.48% 66.40% 66.28% 

Zn/(Cu+Zn 35.39% 33.52% 33.60% 33.72% 

O/(Cu+Zn) 74.56% 57.44% 89.85% 55.90% 



Table 7 Fingermark development using ammonium sulphide solution 

 

Copper 0.1 dilution 

 

Brass 0.1 dilution 

Sample Grade Time to 

appear 

Time to 

disappear 

 

Sample Grade Time to 

appear 

Time to 

disappear 

1 2 1 min 11 s 1 min 25 s 

 

1 1 2 min 30 s Did not fade 

2 3 1 min 4 s 2 min 28 s 

 

2 1 2 min 45 s Did not fade 

3 1 1 min 35 s 2 min 38 s 

 

3 1 3 min 11 s Did not fade 

 



Table 8 Fingermark development using iodine 

 Copper       Brass     

  Time (min)    Time (min) 

Temperature 
oC 

Donor 2 4 6 8  Temperature 
oC 

Donor 2 4 6 8 

30 1 0 0 2 2  30 1 1 2 2 2 

30 3 2 3 3 3  30 2 0 1 1 1 

40 2 0 0 0 1  40 1 2 3 3 3 

40 3 1 2 2 2  40 3 2 3 4 4 

50 1 1 2 2 2  50 2 1 1 1 2 

50 2 0 0 0 0  50 3 2 3 3 4 

 



Table 9 Fingermark enhancement using Fry’s reagent 

 

 Before  After 

 Grade 0 Grade 1 

or 2 

Grade 3 

or 4 

 Grade 0 Grade 1 

or 2 

Grade 3 

or 4 

Brass 0 17 15  0 8 24 

Copper 3 8 7  5 8 5 

Tinned 

steel 

9 7 6  2 5 15 

Stainless 

steel 

5 12 5  8 7 7 

Total 17 44 33  15 28 51 



Figure 1 Brass 5 min at 380 oC by confocal microscope a) showing detail of pore 

contact and b) 2 x 2 stitched image showing larger area of mark 

       

 
500 μm scale 

 

750 μm scale 

 



Figure 2 Confocal microscope image of fingermark on brass heated at 380 oC for 

5 min showing 2D image, 3D image with extended z-axis, and depth profile 

 



Figure 3 Confocal microscope image of salt solution on brass heated at 400 oC 

for 5 min showing 2D image, 3D image with extended z-axis, and depth profile  

 



Figure 4 SEM EDX image of fingermark on brass heated for 5 min at 600 oC: 

SEM image, oxygen, sodium, copper, zinc concentrations. 



Figure 5 Mild steel with fingermark and heated for 5 min at 600 oC, confocal 

microscope: a) 2D image showing dendritic growth, b) stitched 3D image with 

extended z-axis showing ridges, and c) 3D image of pore with enhanced z-axis 

   

  



Figure 6 Copper oxide fragmentation showing black CuO, red Cu2O and metallic 

copper. 



Figure 7 Confocal microscope images of copper heated for 5 min at 600 oC: a) 

showing oxide fracture coincident with fingermark, b) 3D image with extended z-

axis and oxide thickness measurement, and c) 3D image showing raised section 

in oxide of possible pore 

    



Figure 8 SEM image of copper with fingermark showing oxide layer and 

appearance of fingermark through the oxide 

  



Figure 9: Copper heated at 800 oC for 5 min a) before lift showing slight evidence 

of fingermark, b) after oxide lift showing fingermark on underlying metal, c) 

copper heated to 600.  

  

  

  



Figure 10: Recovered fingermarks by tape lift from oxidised metal: a) copper 

heated at and b) 500 oC brass heated at 800 oC  

 



Figure 11 Fingermark on copper treated with 10-fold dilution of ammonium 

sulphide solution 

    



Figure 12 SEM image of copper treated with iodine vapour a) x35 and b) x 900 

magnification) 

   

  



Figure 13 Fingermarks on copper: a) hydrogen peroxide solution, and b) 

carbamide peroxide solution with eccrine mark on the left and sebaceous-loaded 

mark on the right 

   



Figure 14 Anodised metal samples: a) fingermark on tinned steel, and b) 

aluminium treated with anodising dye. Fingermarks were half submerged during 

processing to differentiate treated and untreated marks. 



Figure 15a  Fingermarks on mild steel submerged in salt water (3 donors) and 

figure 15b anodised tinned steel treated with water 
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