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Resumo

O método do pd ¢ uma abordagem rapida e facil para revelar impressdes digitais latentes em superficies porosas e ndo porosas.
Alguns materiais alternativos podem ser usados para produzir o p6 revelador. O presente trabalho utilizou residuos da industria
siderurgica para produzir pé de impressdo digital. A adigdo de negro de fumo intensificou a cor do material, e a adigdo de goma laca
aumentou a adesdo do pd ao residuo de impressdo. O pd obtido teve sua eficiéncia comparada com o material de referéncia
internacional (Sirchie Hi-Fi Volcano) para diferentes tipos de superficies, e sua eficiéncia foi comparavel, tendo sido doado e
aplicado por varias policias cientificas no Brasil. Ademais, o material produzido aqui apresenta a vantagem de ser produzido a partir
de residuos industriais, o que torna o método acessivel e ambientalmente sustentavel.

Palavras-Chave: sustentabilidade, reciclagem, impressao digital, método do po

Abstract

The powder method is a quick and easy approach to revealing latent fingerprints on porous and non-porous surfaces. Some
alternative materials may be used to produce revealing materials. This present work used waste from steel industry for producing
fingerprint powder. The addition of carbon black intensified the color of the material, and the addition of shellac increased the
adhesion of the powder to the print residue. The obtained powder had its efficiency compared to the international reference material
(Sirchie Hi-Fi Volcano) for different types of surfaces, and they were comparable, allowing it to be donated and applied by several
scientific police in Brazil. Besides, the material here produced presented the advantage of being produced from industrial waste, what
makes the method affordable and environmentally sustainable.

Keywords: sustainability, recycling, digital printing, powder method

1. INTRODUCTION

Every human being is born with unique and
characteristic marks on his fingertips, called distal marks.
The moment the person touches an object, the chemical
constituents of sweat in hand are deposited on this solid
object, forming a mirror image of the distal mark. This
mark is called a fingerprint, and it is usually one of the
pieces of evidence most often found at crime scenes,
presenting great forensic value, as it is capable of
differing any individual, including twins [1][2]

Most of the times, fingerprints are present in latent
format, requiring the application of a product to transform

this mark into a visible image. There are two main types
of revealing materials: the physical ones, that adsorb
chemical constituents fingerprints; and the chemical ones,
that react with some of the chemical constituents of
fingerprints, producing a colored compound [3][4].

The chemical composition of sweat is quite varied, but
it can be summarized as 99% water, 0.5% organic, and
0.5% inorganic content. The organic content is composed
of fatty and amino acids, choline, creatinine, lactic acid,
proteins, sugars, urea, uric acid, glycerides, squalene,
sterol esters and wax esters. The inorganic is made mainly
of salts and metal ions. After being settled onto a solid
object, water-soluble constituents penetrate the solid if it
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is porous, while the non-aqueous components remain on
the surface. However, some constituents may evaporate
after some days, depending on the environmental
conditions to which the object is exposed [5].

Several factors may influence the choice of fingerprint
revealing method, such as color, condition, nature, and
texture of the evidences. Because of this, there is not one
single formulation generally applicable for detecting
latent fingermarks on all types of surfaces [6].

In the dusting method, a thin powder is applied over
the object, and part of it will be attached to moisture and
greasy components of the latent fingerprint. After
brushing and blowing, the excess of powder is removed,
allowing a clear image to be revealed [4].

The former revealing methods date back to the end of
the XIX century. At this time, the formulations were
mercury-based or graphite-based powders. Today,
formulations for regular revealing are mainly a mix of
resinous polymers and colouring pigments: the first
material is responsible for adhesion and the second one
for contrasting the image.

Many studies have been published in the field of latent
fingerprint exposing, including the use of different kinds
of nanoparticles [7][8], several synthetic dyes [9,11],
fluorescent materials [12,14] instrumental techniques
[15,17], DNA identification [18,20], and evaluation of
explosive [21,23] and drug [22,24] residues. Nevertheless,
despite all these possibilities, the fingerprint powder
method is the most traditional one. The main reason for
that is the great efficiency it presents in non-porous
materials [25]. Most of these powders are not toxic, but
also not affordable for many police in the world. Then,
innovative methods, presenting cheaper materials to be
used as latent fingerprint revealers, are necessary.

Vadivel made an interesting review on everyday
materials employed as non-conventional powders for the
visualization of latent fingerprints [25]. This review
covers different kinds of substances, such as food [26,28]
, plants [29][30], minerals [31][32] and carbon based
materials [26].

Iron oxides also compose a well known matrix for
dusting for fingerprints. These oxides are usually mixed
to dyes or resins, in order to increase adherence to the
marks [1]. The use of industrial waste as a source of iron
oxides for these revealing materials has not yet been
explored in literature.

The steelmaking process involves reducing iron
oxides in a furnace, together with charcoal, carbon
monoxide and purifying agents such as limestone, silica,
and dolomite, until a liquid mixture of cast iron is
obtained. This cast iron still contains high levels of
carbon, which causes the alloy to present low mechanical
capacities for many applications. So, this liquid is
transferred to a second furnace, a steel plant, where
oxygen injection converts carbon into CO and CO,,

turning pig iron into steel. Together with steel, a residual
dust containing a significant amount of iron, SiO,, and
other particles, is also produced at the end of this process
[33][34].

This dust residue becomes environmental liability for
the industries that produce steel, and also for the
governmental organizations that inspect these companies.
Then, every way to reuse this dust residue should be
encouraged and explored, to make the process as
sustainable as possible.

The present work proposes using this waste from steel
industry to generate a fingerprint revealing powder. The
addition of carbon black intensified the color of the
material, and the addition of shellac increased the
adhesion to the print. The developed powder had its
efficiency compared to the international reference
material (Sirchie Hi-Fi Volcano) in different types of
surfaces, and the obtained results were statistically
equivalent. Consequently, this innovative method is
economically viable and environmentally correct for
producing a highly efficient latent fingerprint revealer.

2. EXPERIMENTAL
2.1. Black dust production

The first step of the production of the fingerprint
powder here presented, named black dust, was the
transference of 7.0 g of shellac to a 250 mL beaker, and
adding 50.0 mL of ethanol. This mixture was heated at
50°C in a heating plate, and stirred with a magnetic
stirrer, producing After the
solubilization, 30.0 g of the steel industry waste was
added, followed by another stirring step, resulting in an
emulsion. The new mixture was then heated in an oven
for two hours at 180°C.

After this time, all solvent was evaporated, and the
solid was cooled to room temperature. 30.0 g of this solid
was transferred to another 250 mL beaker, and 10.0 g of

solubilized shellac.

carbon black was added. This new solid mixture was
homogenized, ground in an analytical mill and then
sieved in a 0.088 mm diameter sieve.

2.2. Pretreatment of surfaces

Naturally, there couldn’t be any substances that would
interfere in fingerprint revealing on the analyzed surfaces.
Possible interferents would be dirt, grease, or even
another fingerprint.

To guarantee this absence, a pre-treatment of surfaces
of each object used as support had to be performed.
Metallic surfaces were cleaned with a damp cloth
containing isopropyl alcohol. Glassy and wooden objects
were washed with water and soap. Cardboard surfaces
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were cleaned with a dry cloth, while the A4 sheets of
paper used were always new ones, taken intact from their
reams.

Also, the surface of each object was previously
checked by applying visible light in an oblique angle: the
objects were used only when no other visible print was
present.

2.3 Collection and revelation of latent fingerprints

To create latent fingerprints, a single donor touched
several objects, made of different materials: wood,
marble, paper, ceramic, aluminum, plastic, glass,
cardboard and steel. Each object was touched three times,
side by side, to allow statistic evaluation. Before
donating his fingerprints, this person cleaned his hands
properly with soap, dried them, and passed his fingertips
on the forehead to increase sebum on fingers. Each
powder (the one produced from iron waste and the
commercial one — Sirchie Hi-Fi Volcano) was applied on
the surfaces on which fingerprints were deposited. By
using a fiberglass brush, the extra powder was removed
from the print, and photographs of the developed
fingerprints were taken and analyzed.

3. RESULTS AND DISCUSSION

Powdering is a physical process, in which particles
adhere to humid, sticky, or greasy substances in latent
fingerprints. Naturally, the characteristics of resinous
materials employed, and their particle size directly
influence this process. Also, the dye content (here
employed as carbon black) significantly affects color and
sharpness of the generated image. Both parameters were
studied to reach the final composition of the innovative
powder here proposed.

The main objective of this work was to evaluate if the
fingerprint material produced from industrial waste
produced images with qualities similar to the leading
material on the market, presenting the same useful
characteristics for dry and non-porous surfaces.

It is also important to emphasize that fingerprint
revealing materials are classified based on their
application. When a fingerprint is deposited on a porous
surface, the emulsion forming the fingerprint gradually
decomposes over time. Hydrophobic components tend to
evaporate and lose mass, while hydrophilic components
penetrate the substrate. As water evaporates, these
hydrophilic species adhere to the pores of the material. In
such cases, the fingerprint revealing material must
penetrate the pores and react with these species. On non-
porous surfaces, both hydrophilic and hydrophobic
components remain on the surface of the solid.

To produce images that might be comparable, a
sequence of 6 fingerprints was made by the same

individual on a previously cleaned surface. Afterwards,
half of these prints were revealed with the powder
produced from industrial waste, and the other half with
commercial material. In that way, three images referring
to the same individual on a same surface was produced
for each dactyloscopy material.

A definition for quality of a fingerprint image was
settled by Austin and co-workers [35] as “the clarity of a
friction ridge determined in terms of the
confidence that the presence, absence, and details of
features can be precisely detected”. In that sense, the term
quality can be understood as the ability of the image to
produce details referring to 3 levels of a fingerprint. These
levels refer to the friction ridge flow (level 1), the ridge
paths and minutia (level 2), and the ones attributes to an
individual ridge, such as deviations, width, shape, pores,
creases, scars, edge contours, incipient ridges, and breaks
(level 3) [35].

The first study of fingerprint quality assessment was
proposed in the late 90s by Bolle et al. [36]. These
researchers qualify the fingerprint image in terms of
orientation of the local block. Several other later works

image,

presented different ways of making the quality
assessment, but in one way or another, there are always
subjective criteria inherent in this classification. Yao
reviews several of them [37]. Classification based on
software usage avoids subjective aspects; nevertheless,
the accessibility of different police to this software is
problematic since most were explicitly developed by
specific law enforcement agencies and are not publicly
available [38].

Table 1 shows the images obtained with commercial
powder and with the innovative one here produced, over
porous (wood, paper, cardboard, iron), semi porous
(marble) and non-porous surfaces (aluminum, plastic,
glass). As it is well known, the powder technique is
adequate for non-porous surfaces, since the porous ones
readily absorb marks.

Analyzing Table 1, it can be observed that the material
produced in this study exhibited excellent sharpness -
considering all three levels of detail - along the friction
ridges of fingerprints deposited on porous surfaces such
as A4 paper and cardboard, as well as on non-porous
surfaces including ceramic, aluminum, and plastic.
Additionally, the material demonstrated sufficient
sharpness for potential comparative analyses on the
porous surface of wood and the non-porous surfaces of
marble and glass. However, the same material did not
exhibit adequate sharpness along the friction ridges of
fingerprints deposited on the non-porous surface of iron.
It is important to note that the iron surface employed was
oxidized, what explains the poor result. According to
Table 1, the results obtained with the commercial powder
were comparable to those achieved with the revealer
produced in this study over each analyzed surface.
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To ensure that the discussion would not be based
solely on the authors' assessment, which could contain
subjectivity and bias, the efficiency of the produced
powder was evaluated by two approaches: (i) comparing
the numbers of characteristics points (minutia) in a same
area of the prints (results presented in Table 2), and (ii)
assessing fingerprint clarity using the evaluation scale
[27] applied to the generated images. Since the

fingerprints were consistently produced by the same
individual, the comparison based on the number of
minutiae is valid. This approach eliminates variability
associated with human interpretation from the evaluation.
These results are presented in Table 4.

Table 1. Latent fingerprint images obtained using the powder produced from industrial waste and the commercial one (Sirchie Hi-Fi Volcano) on

different surfaces.

Type of dactyloscopy material

Surface
Produced powder

Sirchie Hi-Fi Volcano

Wood

Marble

A4 Paper

Ceramic

36



R.R. Facci et al., Rev. Bras. Crimin. 14(2), 33-40, 2025

Aluminum

Plastic

Glass

Cardboard

Iron
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Table 2. Number of characteristics points (minutiae) in a same area of
the images using the two types of dactyloscopy material (Critical values:
F=9,28;T=2,78 [39]).

Table 3. Fingerprints quality assessment scale [27]

Type of dactyloscopy material

Surface Produced Sirchie Hi-  Fuape Tvatue
powder Fi Volcano
Wood 0 0
Marble 0 0
A4 Paper  11.33+0.58 10.67 +0.58 1.00 0.943
Ceramic 10.67 +0.58 10.33 +0.58 1.00 0.471
Aluminum  10.33 +£0.58 10.33 +0.58 1.00 0.471
Plastic 10.67 +0.58 11+1.00 3.00 0.333
Glass 12004100 1133+058 033 0.667
Cardboard ~ 4.00+1.00  333+153 233 0.422
Iron 0 0

Sharpness Description
0 No fingerprint visibility
1 Revealed fingerprint with blurred appearance
) Only a part of the fingerprint has been
revealed
Full reveal of the fingerprint, but only some
3 characteristic
points could be highlighted
4 Full reveal with the most minutiae visible

By the application of paired t-test to the results in
Table 2 at 95% confidence level, it was possible to
conclude that the differences between the revealing
materials in terms of minutiae is due to random errors. In
other words, there is no statistical difference between the
results obtained by the two methods [39]. These
observations prove that the use of the powder here
developed is as efficient as the most employed
commercial material for fingerprint revealing.

The prints clarity assessment scale [27] presented in Table
3 was followed to fill Table 4, relating to the application
of the two different revealing materials over the analyzed
surfaces. Two different researchers were invited to fill
Table 4, one for each material, in order to avoid any bias.
Also according to these results, both powders show the
same efficiency for revealing latent fingerprints.

Later, this new material was donated to various
technical and scientific police in Brazil (from the States of
Rio Grande do Norte, Maranhdo, Para, Tocantins, Rio
Grande do Sul, and Santa Catarina), to be employed in
real crime scenes. The feedback received from these
forensic police leads to the conclusion that black dust may
indeed be used as an alternative material to commercial
powders. Also, this innovative powder presents great
economical advantages, as it is produced from steel
industry residues.

Table 4. Fingerprint quality assessment scale for the latent fingerprint

developed imge obtained with the different powder

Type of powder
Surface Produced from Sirch%e
iron waste Hi-Fi

Volcano
Wood 3 3
Marble 3 3
A4 Paper 4 4
Ceramic 4 4
Aluminum 4 4
Plastic 4 4
Glass 4 4
Cardboard 3 3
Iron 0 0

4. CONCLUSIONS

Black dust, the innovative fingerprint powder here
developed, was attested as efficient for revealing latent
fingerprints deposited on dry and non-porous surfaces.
The material produced in this work showed different
abilities for revealing latent fingerprints depending on the
surface it was applied. However, it proved to be as useful
as Sirchie's commercial material, regardless the surface
on which they were applied.

Black dust was developed from residual material
produced by steel industry, in a very simple and
affordable method, assessing the economical viability and
environmental sustainability of the proposed procedure.
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It is also important to mention that this new material
was developed at a Brazilian University at the State of
Rio de Janeiro (Universidade Federal Fluminense), and it
was donated and effectively applied in real crime scenes
by various technical and scientific police in Brazil (from
the States of Rio Grande do Norte, Maranhdo, Pard,
Tocantins, Rio Grande do Sul, and Santa Catarina).
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