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Abstract 
One of the most epochal duties of the defence establishments is to safeguard the weaponry under their control. As a 
security measure, a tracing protocol should be in place so that if any piece of weapon goes missing, it can be tracked 
back to the armory. Such a protocol relies on the identification marks on arms and armaments, including mainly, make, 
model, caliber, manufacturer and serial number. However, if the missing weapon has been used to commit a crime, 
then the integrated regulatory strategy mandates not only its tracking, but also institution of forensic leads to pin down 
the criminal. The most important forensic tool under these circumstances is to detect fingerprints on the recovered 
firearm, on the cartridges collected from the scene of crime and the unfired cartridges which the suspect loaded into 
the weapon. The chemical methods which have the potential to lift fingerprints on firearms and cartridges are reviewed 
in this communication.  
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1.  Introduction 
A firearm is a barreled weapon which serves as a means of aiming and discharging a projectile, generally a bullet. The 
latter is usually enclosed in a metal casing along with a propellant and a primer. The metal covering is also referred to 
as the cartridge case. Normally the firearms and the cartridges are kept under guard at the defence arsenals, but should 
a weapon be found missing, it becomes the de rigueur to identify the subject who embezzled it to commit a crime. The 
most infallible means of identification is to develop the fingerprints of the suspect on the stolen items.  
Fingerprints are formed by the sweat secreted by the glands embedded beneath the ridges on the fingertips [1]. The 
sweat deposition leaves a latent (or hidden) impression on the object which the finger touches. Sweat contains about 
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99% water, about 0.5% inorganic ions and about 0.5% organic molecules [2]. The latent print is visualized by a 
chemical developing reagent which tags one or more components of sweat to produce a colored derivative. Although 
there are lot many methods to detect fingerprints on crime evidence [3], but when it comes to firearms and cartridges, 
the choice becomes limited [4-5]. 
There are several factors which preclude the detection of fingerprints on firearms: The weapon may have been 
recovered several days after the commission of crime and the constituents of sweat may have been degraded by 
sunlight, washed out by humidity and/or contaminated by wind action. The finishing of the firearm may have been 
rough because of which the sweat deposition may have become distorted. Multiple handling may have impinged 
overlapping impressions [6]. The possibility of detecting fingerprints on fired cartridges too is quite low. This may be 
attributed to such factors as the friction between the cartridge and the barrel, high temperatures and pressures generated 
at the moment of firing and the gaseous blowback residue which becomes coated on the bullet as it oozes out of the 
firearm [7]. Even on unfired cartridges it is difficult to detect fingerprints due to their small and curved surface area 
[8]. Moreover, while loading the cartridge into the magazine, chances of pressure distortion of the sweat residue are 
quite high [9]. 
 
2. Detection of fingerprints on firearms 
2.1. Powder method 
The most simple and commonly used technique to detect fingerprints on metallic and polished wood items (the 
materials used in manufacturing the firearms) is to apply a powdered formulation on the latent impressions by gentle 
brushing. The powder, in turn, is composed of two broad chemicals: an adhesive and a colorant [10]. The adhesive 
gets adsorbed on the moisture and oily components (low-boiling organic compounds) of sweat by pressure deficit 
mechanism [1]. The colorant gets adsorbed on the adhesive. The double layer adsorption phenomena is symbolically 
shown in Fig. 1. The magnetic powder works on the same phenomena except that firstly, it contains a sprinkling 
magnetite in addition to adhesive and colorant and secondly, it is applied with a magnetized want, rather than a brush.  
 

  
 
Fig. 1. Mechanism of powder method. 

 
Freeman [11] used both the non-magnetic and the magnetic powders to detect fingermarks on firearms, the latter 
giving better results. In fact, the magnetic compositions could develop latent impressions with ease even on the 
metallic parts of the firearms. The black, gray, red and green varieties of magnetic powders developed the most clear 
and sharp fingerprints. Likewise, Matov and Zazulya [12] applied three varieties of non-magnetic powders based on 
silica gel, polystyrene and aluminosilicate adhesives to detect latent impressions on firearms. The best results were 
achieved by the silica gel powder. 
 
2.2. Cyanoacrylate method 
A fuming procedure, the cyanoacrylate method is based on the premise that when the monomer, ethyl 2-cyanoacrylate 
is allowed to vaporize in air, it polymerizes into a white product which, in turn, gets deposited on the sweat residue 
[13]. The polymerization reaction is initiated by a Lewis base, such as ammonia or water vapors. The mechanism of 
polymerization is displayed in Fig. 2. The development time may be curtailed by installing a battery-operated fan 
within the fuming chamber, so as to disperse the vapors at a fast pace [14]. The white deposition is difficult to discern 
on pale colored surfaces. For this reason, the cyanoacrylate-developed fingerprints are generally post-treated with a 
luminescent dye, such as gentian violet or basic yellow 40, followed by illumination under long-wavelength ultraviolet 
light [15]. 
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Fig. 2. Mechanism of cyanoacrylate polymerization. 
 
By this method it has been possible to develop fingerprints even on a trigger of a firearm [16]. The possibility of this 
venture is quite low firstly, because there are chances of finding multiple fingerprints on trigger, superimposed one 
on the other, and secondly, because the surface area in question is so small that only a portion of fingertip will come 
into contact with it. Klasey and Barnum [17] carried out detection of latent impressions on a set of nine firearms using 
vacuum and atmospheric cyanoacrylate methods, after a gap of 24 hours from the time the test prints were impinged 
on the weapons. With vacuum technique, the developed prints were not as white as expected, but the over-
development, which usually occurs with atmospheric technique, was averted. The vacuum cyanoacrylate method 
worked well with blue-steel firearms. For firearms polished with pale colors, the vacuum cyanoacrylate fuming, 
followed by atmospheric cyanoacrylate fuming, enhanced the fingerprints to an optimum level. 
 
2.3. Electropolymerization method 
Fingerprints may be detected by electrochemically controlled deposition of conducting polymers on the metallic 
components of the firearms. The electropolymerization proceeds with the oxidation of monomer to yield a radical 
cation. The latter reacts with the monomer, propagating the polymer chain by an electron transfer process. The electron 
transfer is, however, inhibited by the segments containing the ridge details [18]. The sweat lining along the ridges acts 
as an insulating area. The covalent, organic constituents of sweat – mainly fatty acids and lipids – prohibit the transfer 
of electrons from one species to the other. As a consequence, the polymer gets selectively deposited in between the 
ridges, and not on the ridges, producing negative fingerprints. However, the negative prints have as much potential to 
individualization as the positive prints. By varying the applied potential, the contrast of the fingerprints may be 
enhanced [19]. The commonly used conducting polymers used in this endeavor are, polypyrrole [20], polyaniline [21] 
and poly(3, 4-ethylenedioxythiophene [22]. The structures of these polymers are displayed in Fig. 3.  
 

 
 
Fig. 3. Conducting polymers used for detecting fingerprints on metallic surfaces. 
  
Sapstead et al [23] carried out the simultaneous oxidation of pyrrole and 3, 4-ethylenedioxythiophene to produce a 
copolymer, the deposition of which produced negative fingerprints on stainless steel surface. The developed 
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fingerprints had a sharp contrast vis-à-vis the background. By this method it was possible to detect aged fingerprints, 
as well as those exposed to elevated temperatures and water.   
 
3. Detection of fingerprints on cartridges 
3.1. Electrochemical method 
Fingerprints on cartridges may be visualized electrochemically with the aid of scanning Kelvin probe. This technique 
is based on potentiometric measurements and is non-contact, as well as non-destructive in nature [24]. It elucidates 
the potential difference between a wire probe and the metallic surface of the cartridge. The potential difference, in 
turn, is attributed to the reaction between the ionic constituents of latent sweat and the cartridge. The fact that the ionic 
compounds are non-volatile makes it possible to develop the fingermarks even at elevated temperatures. This implies 
that fingerprints may be detected on fired cartridges as well by Kelvin probe method [25]. Moreover, the reaction 
between sweat deposition and the metal initiates as soon as the finger touches the cartridge. Therefore, fingerprints 
may be developed even on unfired cartridges. Rubbing the cartridge with a tissue or a towel does not impede 
visualization [26]. 
Bond [27] advocated that the reaction between the ionic compounds in the sweat and the cartridge causes corrosion at 
the surface, thereby revealing the ridge details. The rate of corrosion, and hence the clarity of fingerprints increases 
with temperature. The clarity is also dependent on the composition of the casing: If the proportion of copper is greater 
than 40%, the ridges that are visualized are more clear and sharp [28]. The corrosion reaction is initiated by anions, 
generally chloride ions. Their reaction with copper content of cartridge may be depicted as follows. 
 
Cu  +  2Clି  →  CuCl2  +  2eି] x2 
2H2O  +  O2  +  4eି  →  4OHି 
Net reaction: 2Cu  +   4Clି  +  2H2O  +  O2    →   2CuCl2  +  4OHି 
 
In an extension of this technique, Bond and Heidel [29] heated the cartridge to 700℃ (so as to imitate a fired cartridge) 
to increase the rate of corrosion and thereafter applied a potential of 2.5 kV. Subsequently, a conducting carbon powder 
was applied, which enhanced the contrast of the fingerprint against the background.  
 
3.2. Redox method 
As stated in the previous section, the reaction between the inorganic ions present in sweat and the active metals in 
cartridge results in a corrosion pattern on the casing, which is a replica of the fingerprints of the shooter. This pattern 
can be seen both on unfired and fired cartridges, although it is more prominent in the latter due to elevated 
temperatures. The ridge details may be enhances with the aid of a potentiometric probe. In redox method, the 
enhancement is brought about not by an instrumental technique, but by a strong oxidant. The oxidizing agent dissolves 
the active metal(s) from the outer surface of the casing and exposes the paler underneath coating. However, it leaves 
out the ridges since the sweat coating thereon resists oxidation. By default, the ridge pattern becomes pronounced.  
Given [30] used fuming nitric acid as an oxidizing agent on brass and nickel plated cartridges. Copper, being more 
active than nickel, responded better to oxidant treatment and manifested a sharper ridge detail. The redox reaction 
between copper and fuming nitric acid may be displayed as follows. 
 
Cu    →   Cuଶା  +   2eି   
NOଷ

ି  +  2Hା  +  eି  →  NO2  +  H2O ] x2 
Net reaction: Cu  +  2NOଷ

ି  +  4Hା  →  Cuଶା  +  2H2O  +  2NO2 
 
A cartridge coated with a thin layer of copper may be treated with an acidified solution of potassium permanganate 
for 30-60 seconds, whereupon the ridge pattern can be discerned [31]. 
 
Cu    →   Cuଶା  +   2eି] x5  
MnOସ

ି  +  8Hା   +  5eି   →   Mnଶା  +  4H2O ] x2 
Net reaction: 5Cu  +  2MnOସ

ି  +  16Hା  →  5Cuଶା  +  2Mnଶା  +  8H2O 
 
Likewise, a mixture of silver nitrate and sulfuric acid causes oxidation of the outer layer of copper in a brass cartridge. 
 
Cu  +  2Agା   →  2Ag  +   Cuଶା 
 
The non-ridge area becomes plated with silver, thus manifesting negative fingerprints [32].  
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3.3. Gun bluing method 
Gun bluing is a spray-polish that is applied on the metallic components of firearms to prevent rusting [33]. It comes 
in several varieties, but its main ingredients are selenious acid and a copper salt. The most important variety is perma 
blue which contains 3% selenious acid and 3% copper sulfate; yet another composition, super blue is a mixture of 5% 
selenious acid and 4% copper nitrate [34]. 
The gun bluing spray may also be used to visualize fingerprints on fired cartridges. The ingredients of the composition 
undergo the following sequence of reactions on coming in contact with air. 
 
2H2O  →   4Hା  +O2  +  4eି 
Cuଶା  +   2eି  →  Cu 
 H2SeO3  +  4Hା  +  4eି    →  Se  +  3H2O 
Cu  +  Se  →  CuSe 
 
The copper selenide, is repelled by latent sweat and therefore it forms a thin layer on non-ridge area, revealing negative 
fingerprints [35]. Gun bluing compositions can detect fingerprints on a broad spectrum of fired cartridges, including 
those made of brass, nickled brass, aluminium, copper and lacquered steel [36].  
 
3.4. Sequential method 
The recovery of fingerprints on cartridges which are cycled through the firearm – irrespective whether these were 
fired or not fired – depends not only the nature of alloy from which these were originally manufactured, but also on 
the technique of visualization. Very often a single method may fail to reveal quality marks, and for this reason a 
sequence of methods may be resorted to so as to have an optimum level of development. For example, Dominick and 
Laing37 attempted to lift fingerprints from unfired cartridges of different sizes and found that the sequence which gave 
the best result was cyanoacrylate fuming, followed by gun bluing reagent, followed by basic yellow 40 staining. On 
the other hand, Bentsen et al [38] advocated that on fired cartridges, the sequence, cyanoacrylate fuming, followed by 
basic yellow 40 staining, followed by gun bluing reagent, gave the best results. For cartridges which were loaded in 
the firearm, but not fired, cyanoacrylate fuming, followed by gun bluing reagent gave optimum level of development 
of fingerprints; cyanoacrylate fuming, followed by basic yellow 40 staining gave the next best results [39]. Edmiston 
and Johnson [40] determined an optimal sequence for chemical development of latent prints on fired cartridge casings 
and fired shotgun shells made of brass and nickel.  For brass cartridges, the best sequence proved to be: Cyanoacrylate 
fuming, black powder, acidified hydrogen peroxide, rhodamine 6G staining. For nickel cartridges, the following 
sequence gave the most appropriate results: Cyanoacrylate fuming, rhodamine 6G staining, acidified hydrogen 
peroxide, black powder. In both cases, fluorescence was observed under 515 nm radiation.  
 
4.  Conclusion 
In a criminal cases involving shootouts, an investigator may come across a wide variety of firearms and cartridges. 
One of the most useful forensic tools which can help solve such crime cases is to develop latent fingerprints on 
ammunition. Although there are a large number of methods to detect fingermarks on different types of evidence, this 
venture on firearms and cartridges is problematic.  Due to the multiple handling of firearms, small size of casings and 
surface degradation of cartridges associated with firing process, the number of fingerprint development methods that 
may be used on arms and ammunition becomes severely limited. These scarce methods are described in this review 
article.   
 
References 
 
[1] Thomas GL. The physics of fingerprints and their detection. J Phys E: Sci Instrum. 1978:11(8): 722-31. 

doi: 10.1088/0022-3735/11/8/002. 
[2] Knowles AM. Aspects of physiochemical methods for the detection of fingerprints. J Phys E: Sci Instrum. 

1978:11(8):713-21. doi: 10.1088/0022-3735/11/8/001. 
[3] Sodhi GS, Kaur J. Detection of latent fingerprints: A review. Indian Pol J. 2009;56(3):62-6. 

https://bprd.nic.in/uploads/pdf/5146260617-july-sept.pdf. 
[4] Johnson S. Development of latent prints on firearm evidence. J Forensic Ident. 2010;60(2): 148-51. 
[5] Pratt A. Fingerprints and firearms. J Forensic Ident. 2012;62(3):234-42. 
[6] Barnum CA, Klasey DR. Factors affecting the recovery of latent prints on firearms. The Prosecutor 

1998;32(1):32-4, 38. 

JZU NATURAL SCIENCE || ISSN : 1671-6841

VOL 56 : ISSUE 08 - 2025

https://naturalscience.fyi/

PAGE NO: 230



[7] Migron Y, Hocherman G, Springer E, Almog J, Mandler D. Visualization of sebaceous fingerprints on fired 
cartridge cases: A laboratory study. J Forensic Sci. 1998;43(3):543-48. https://doi.org/10.1520/JFS16180J. 

[8] Girelli CMA, Vieira MA, Singh, K, Cunha AG, Freitas JCC, Emmerich FG. Recovery of latent fingermarks 
from brass cartridge cases: Evaluation of developers, analysis of surfaces and internal ballistic effects. Forensic 
Sci Int. 2018;290:258-78. doi: 
10.1016/j.forsciint.2018.07.026. 

[9] Maldonado B. Study on developing latent fingerprints on firearm evidence. J Forensic Ident. 2012;62(5):425-
29. 

[10] Sodhi GS, Kaur J. Powder method for detecting latent fingerprints: A review. Forensic Sci Int. 
2001;120(3):172-76. https://doi.org/10.1016/S0379-0738(00)00465-5. 

[11] Freeman HN. Magnetic fingerprint powder on firearms and metal cartridges. J Forensic Ident. 1999;49(5):479-
84. 

[12] Matov OR, Zazulya AA. Features of detection of handprints on firearms and cartridges. Izv Saratov Univ 
Economics, Management, Law 2020;20(2):235-39. doi: 10.18500/1994-2540-2020-20-2-235-239. 

[13] Sodhi GS, Kaur J. Cyanoacrylate method for detecting latent fingerprints: A review. J Indian Acad Forensic 
Sci. 2000;39(1-2):39-48. 

[14] Kendall FG, Rehn BW. Rapid method of Super Glue fuming application for the development of latent 
fingerprints. J Forensic Sci. 1983;28(3):777-80. https://doi.org/10.1520/JFS11573J. 

[15] Kobus HJ, Warrener RN, Stoilovic M. Two simple staining procedures which improve the contrast and ridge 
detail of fingerprints developed with “Super Glue” (cyanoacrylate ester). Forensic Sci Int. 1983;23(2-3): 233-
40. https://doi.org/10.1016/0379-0738(83)90151-2. 

[16] Amata B, Aprea GM, Chiuri A, Zampa F. Fingerprint on trigger: A real case. Forensic Sci Int. 2015;253:e25-
e27. https://doi.org/10.1016/j.forsciint.2015.05.024. 

[17] Klasey DR, Barnum CA. Development and enhancement of latent prints on firearms by vacuum and 
atmospheric cyanoacrylate fuming. J Forensic Ident. 2000;50(6):572-80.  

[18] Broncova G, Slaninova T, Trchova M. Characterization of electrochemically visualized latent fingerprints on 
the steel substrates. J Solid State Electrochem. 2022;26(11):2423-33. doi: 10.1007/s10008-022-05245-4. 

[19] Beresford AL, Brown RM, Hillman AR, Bond JW. J Forensic Sci. 2012;57(1):93-102. doi: 10.1111/j.1556-
4029.2011.01908.x. 

[20] Bersellini C, Garofano L, Giannetto M, Lusardi F, Mori G. Development of latent fingerprints on metallic 
surfaces using electropolymerization processes. J Forensic Sci. 2001;46(4):871-77. 
https://doi.org/10.1520/JFS15060J. 

[21] Beresford AL, Hillman AR. Electrochromic enhancement of latent fingerprints on stainless steel surfaces. Anal 
Chem. 2010;82(2):483-86. https://doi.org/10.1021/ac9025434. 

[22] Brown RM, Hillman AR. Electrochromic enhancement of latent fingerprints by poly(3, 4-
ethylenedioxythiophene). Phy Chem Chem Phy. 2012;14(24):8653-61. doi: 10.1039/c2cp40733g. 

[23] Sapstead RM, Corden N, Hillman AR. Latent fingerprint enhancement via conducting electrochromic 
copolymer films of pyrrole and 3, 4-ethylenedioxythiophene on stainless steel. Electrochim Acta 2015;162:119-
28. https://doi.org/10.1016/j.electacta.2014.11.061. 

[24] Challinger SE, Baikie ID, Flannigan G, Halls S, Laing K,  Daly L. Nic Daeid N. Comparison of scanning Kelvin 
probe with SEM/EPMA techniques for fingermark recovery from metallic surfaces. Forensic Sci Int. 
2018;291:44-52. https://doi.org/10.1016/j.forsciint.2018.07.025. 

[25] Williams G, McMurray HN, Worsley DA. Latent fingerprint detection using a scanning Kelvin microscope. J 
Forensic Sci. 2001;46(5):1085-92. https://doi.org/10.1520/JFS15103J. 

[26] Williams G, McMurray N. Latent fingermark visualisation using a scanning Kelvin probe. Forensic Sci Int. 
2007;167(2-3):102-09. https://doi.org/10.1016/j.forsciint.2006.08.018. 

[27] Bond JW. Visualization of latent fingerprint corrosion of metallic surfaces. J Forensic Sci. 2008;53(4):812-22. 
https://doi.org/10.1111/j.1556-4029.2008.00738.x. 

[28] Bond JW. The thermodynamics of latent fingerprint corrosion of metal elements and alloys. J Forensic Sci. 
2008;53(6):1344-52. https://doi.org/10.1111/j.1556-4029.2008.00860.x. 

[29] Bond JW, Heidel C. Visualization of latent fingerprint corrosion on a discharged brass shell casing. J Forensic 
Sci. 2009;54(4):892-94. https://doi.org/10.1111/j.1556-4029.2009.01059.x. 

[30] Given BW. Latent fingerprints on cartridges and expended cartridge casings. J Forensic Sci. 1976;21(3):587-
94. https://doi.org/10.1520/JFS10531J. 

[31] Belcher GL. Developing latents on copper-coated casings. Fingerprint Whorld 1980;6(22):39. 

JZU NATURAL SCIENCE || ISSN : 1671-6841

VOL 56 : ISSUE 08 - 2025

https://naturalscience.fyi/

PAGE NO: 231



[32] Saunders GC, Cantu AA. Evaluation of several techniques for developing latent fingerprints on unfired and 
fired cartridge casings. Proceedings of the International symposium on fingerprint detection and identification, 
Jerusalem; 1995 June 26-30, p.155-60. 

[33] Angier RH. Firearm Bluing and Browning. London: Arms and Armour Press; 1936. p. 2, 6   
[34] Ramotowski RS. Chapter 7 - Miscellaneous Methods and Challenging Surfaces. In: Ramotowski RS, editor. 

Lee and Gaensslen’s Advances in Fingerprint Technology. 3rd ed. Boca Raton: CRC Press; 2013. p. 157-90. 
[35] Leben DA, Ramotowski RS. Evaluation of gun blueing solutions and their ability to develop latent fingerprints 

on cartridge casings. Chesapeake Examiner 1996;34(2):8, 10. 
[36] Schutz F, Bonfanti M, Champod C. La revelation des traces papillaires sur les douilles par les techniques de 

etching et de blueing et comparaison avec la deposition multimetallique. Can. Soc Forensic Sci J. 
2000;33(2):65-81. https://doi.org/10.1080/00085030.2000.10757505. 

[37] Dominick AJ, Laing K. A comparison of six fingerprint enhancement techniques for the recovery of latent 
fingerprints from unfired cartridge cases. J Forensic Ident. 2011;61(2):155-65. 

[38] Bentsen RK, Brown JK, Dinsmore A, Harvey KK, Kee TG. Post firing visualization of fingerprints on spent 
cartridge cases. Sci Just. 1996;36(1):3-8. https://doi.org/10.1016/S1355-0306(96)72547-9. 

[39] Girelli CMA, Lobo BJM, Cunha AG, Freitas JCC, Emmerich FG. Comparison of practical techniques to 
develop latent fingermarks on fired and unfired cartridge cases. Forensic Sci Int. 2015;250:17-26. doi: 
10.1016/j.forsciint.2015.02.012. 

[40] Edmiston KE, Johnson J. Determining an optimal sequence for chemical development of latent prints on 
cartridge casings and shotgun shells. J Forensic Sci. 2009;54(6):1327-31. doi: 10.1111/j.1556-
4029.2009.01152.x. 

 
 
 

JZU NATURAL SCIENCE || ISSN : 1671-6841

VOL 56 : ISSUE 08 - 2025

https://naturalscience.fyi/

PAGE NO: 232


