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Abstract

Background: Fingerprints are useful evidence for establishing identities. Development and detection of fingerprints
are of immense help in criminal investigation. However, forged fingerprints identical to the real ones are emerging
as a worldwide problem. Existing methods for development of fingerprints (powder method/iodine fuming
method/ninhydrin test/AgNO3) fail to distinguish between real and forged fingerprints when forged fingerprints are
fortified with salts and amino acids. The present study was conducted with the objective to test applicability of C
stain for real and forged fingerprint differentiation.

Methodology: C stain was applied on real and forged fingerprints in combination with conventional methods and
was evaluated on the basis of development and differentiation of real and forged fingerprints.

Results: The proposed technique is successful in differentiating between real and forged fingerprints. Colour
difference between real and forged fingerprints was observed by taking a combination of C stain with ninhydrin,
black powder and iodine fuming, one at a time.

Conclusion: C stain method is an effective technique for distinguishing forged fingerprints from the real ones. It
works as a distinction tool even when used in combination with existing development methods.
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Introduction
Fingerprint technology has been used in forensic science
and practiced for more than hundred years now. Due to
its uniqueness, fingerprint identification is one of the
most widely used biometric techniques. However, it is
important to elucidate the use of forgery of fingerprints
for the fabrication of evidence involving fake use of
genuine marks (Bonebreak 1976). Forged fingerprints
are generally used by individuals who intend to commit
a crime and then employ forged fingerprints to frame an
innocent person or to divert attention of investigating
agencies (Champod and Espinoza 2014).
According to a survey of 152 forensic professionals con-

ducted by Geller et al. (2001), 85% of them were aware of

the possibility to forge fingerprints. Further, 57% indicated
that the threat was credible, and 45% admitted their
inability to distinguish genuine fingerprints from forged
fingerprints. In another study, Champod and Espinoza
(2014) investigated the risks posed by forgeries and inabil-
ity of forensic practitioners to detect them. In their study,
practitioners reported more than 53% forged fingerprints
as genuine and 45% of genuine fingerprints as forged.
Powder method is the most commonly used approach

for development of latent fingerprints with the help of
glass fibre or camel hair brush (Sodhi and Kaur 2001).
Other commonly used methods include ninhydrin,
AgNO3 and iodine fuming (Oden and Von Hofsten
1954; Lennard et al. 1986; Bassam et al. 1991; Jasuja
et al. 2012; Somanchi 2018). Several methods exist for
preparation of forged fingerprints and are easily available
online. This along with easy availability of raw material
facilitates development of forged fingerprints to bypass
biometric scanners or to implant on a crime scene with
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an aim to frame an innocent person. In the recent past,
a sharp increase in fingerprint forgery has been observed
in the form of Aadhaar frauds (Choudhari 2018; Sal-
danha 2018; Somanchi 2018), biometric manipulations
(Qazi 2017), SIM card forgery and manual transfer of
the fingerprint at documents and crime scene (LeGrand
2010). The conventional chemical methods (based on
amino acids/salt binding) can differentiate real and
PVA-based fingerprints but fail to differentiate when
PVA-based fingerprints are fortified with amino acids
and salts (Harvey et al. 2010).
Polyvinyl acetate (PVA) is commonly used material to

develop forged fingerprints, due to its easy availability,
low-cost and flexible end-product. The forged finger-
prints are developed by taking a negative print on mol-
ten silicon. Recent trends show that forged fingerprints
are being developed by incorporating artificial sweat in
the fingerprint (Harvey et al. 2010). As most of the con-
ventional fingerprint development methods are based on
amino acid/salt-based technique (Lennard et al. 1986;
Bassam et al. 1991; Jasuja and Singh 2009; Lee and
Gaensslen 2010; Jasuja et al. 2012), fraudsters incorpor-
ate salts and amino acids in the forged fingerprints to
mimic real fingerprints and avoid forgery detection dur-
ing fingerprint analysis. Therefore, there is a timely need
to develop a method which can distinguish forged fin-
gerprints from the original ones. The present study was
an attempt to differentiate real and fortified polyvinyl
acetate (PVA)-based forged fingerprint with the help of
a newly established protocol and to analyse its applic-
ability and limitations.

Materials and methods
Negative imprints of the fingerprints of participants were
taken on silicon mould, and forged fingerprints were de-
veloped with PVA (fortified with amino acids and salts)
(Sousedik and Busch 2014). The fingerprints (real and
PVA based) were analysed with C stain and other existing
methods (powder method/AgNO3/ninhydrin/iodine

fuming), in terms of variation in patterns, colour differ-
ence, impact of aging of fingerprints and type of surface
(porous and non-porous). The plain latent fingerprints on
three porous surfaces (paper, cardboard and wood) and
three non-porous surfaces (chromogenic paper, plastic
bottle and glass) were stored at room temperature with
50–60% humidity.

Preparation of C stain
Step 1: preparation of stock solutions
Solution 1: Aluminium chloride solution was prepared
by adding 40 g of AlCl3 to 100ml water.
Solution 2: Calcium chloride solution was prepared by

adding 100 g of CaCl2 to 150ml water.
Solution 3: Zinc chloride solution was prepared by

adding 25ml of water to 50 g of dry ZnCl2.
Solution 4: Iodide-iodine solution was prepared by dis-

solving 0.90 g of dry Potassium iodide (KI) and 0.65 g of
dry iodine in 50 ml water.

Step 2: preparation of C stain
A working solution was prepared by mixing 20ml of so-
lution 1, 10 ml of solution 2, 10 ml of solution 3 and
12.5 ml of solution 4 in a sterile beaker. The solution
was transferred in a dark vessel and allowed the precipi-
tate to settle for 12–24 h. The clear solution was pipet-
ted out in a dark bottle and stored with a leaf of iodine
(Adamopoulos and Oliver 2006).
Present study was conducted on porous as well as

non-porous surfaces, and its results were compared with
results from conventional methods. Fingerprints were
developed on three porous surfaces (paper, cardboard
and wood) and three non-porous surfaces (chromogenic
paper, plastic bottle and glass). Latent fingerprints (real
and forged) were developed by the conventional
methods (powder method, ninhydrin, iodine fuming,
AgNO3) followed by C stain and vice versa (Table 1).
Amino acids and salts present in sweat start to decay

with time, which makes it challenging to pick up

Table 1 Procedure for development and distinction of fingerprints by combining C stain method with conventional methods

S. No. Combinations Procedure

1.1 Powder method followed by C stain First activated charcoal powder applied on latent prints and then C stain was applied

1.2 C stain followed by powder method C stain method was applied on latent prints followed by activated charcoal powder

1.3 Ninhydrin followed by C stain Latent prints developed by ninhydrin followed by C stain application

1.4 C stain followed by ninhydrin Application of C stain method on latent prints and then ninhydrin method was used

1.5 AgNO3 followed by C stain Development of latent prints with AgNO3 followed by application of C stain method

1.6 C stain followed by AgNO3 C stain method applied on latent prints and then AgNO3 was used for development

1.7 Iodine fuming followed by C stain Development of latent prints by iodine fumes followed by application of C stain

1.8 C stain followed by Iodine fuming C stain method applied on latent prints followed by iodine fuming technique
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Fig. 1 a Analysis of real and forged fingerprints with black powder (no colour difference observed). b Analysis of real and forged fingerprints
with ninhydrin (no colour differentiation). c Analysis of real and forged fingerprints with AgNO3 (no colour differentiation). d Analysis of real and
forged fingerprints with iodine fuming (no colour differentiation)

Table 2 The performance of various methods for development of fingerprints, and distinction between real and forged fingerprints
Methods Real fingerprint

development
Forged fingerprint
development

Colour differentiation between
real and forged fingerprints

Powder method ✓ ✓ x

Ninhydrin ✓ ✓ x

AgNO3 ✓ ✓ x

Iodine fuming ✓ ✓ x

Powder method followed by C stain ✓ ✓ ✓

Ninhydrin followed by C stain ✓ ✓ ✓

AgNO3 followed by C stain ✓ ✓ x

Iodine fuming followed by C stain ✓ ✓ ✓

C stain followed by powder method ✓ ✓ x

C stain followed by ninhydrin ✓ ✓ x

C stain followed by AgNO3 x x x

C stain followed by iodine fuming ✓ ✓ ✓
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fingerprints if their development is delayed. The efficacy
of C stain method was observed at different time inter-
vals. A porous paper was used as substrate, and finger-
prints were stored at room temperature for different
time durations (1 day to 4 weeks). The latent fingerprints
were then qualitatively analysed with the conventional

methods followed by C stain method for development of
fingerprints.

Results
The real and fortified PVA-based fingerprints were de-
veloped by conventional methods (powder method,

Fig. 2 a Powder method followed by C stain method (colour difference between real and forged fingerprints observed). b C stain followed by
powder method (no colour difference between real and forged fingerprints). c Ninhydrin followed by C stain (colour difference between real and
forged fingerprints observed). d C stain followed by ninhydrin (background staining observed). e AgNO3 followed by C stain (destruction of
fingerprints observed). f C stain followed by AgNO3 (colour difference between real and forged fingerprints observed). g Iodine fuming followed
by C stain (colour difference between prints and background staining observed). h C stain followed by iodine fuming (colour difference between
real and forged fingerprints observed)
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ninhydrin, AgNO3, iodine fuming) (Fig. 1a–d), and no
difference was observed between real and forged finger-
prints (Table 2). On the other hand, C stain method
successfully developed forged fingerprints on both por-
ous and non-porous surfaces, whereas it failed to de-
velop real fingerprints on any surface. The forged
fingerprints developed using C stain appeared in red
colour. When C stain was used in combinations with the
conventional methods, forged fingerprints appeared in
pink colour.
Various combinations of C stain method with the con-

ventional methods were considered (Table 1) to analyse
the impact of these combinations on development and
differentiation of fingerprints (Table 2).

� Powder method followed by C stain (Table 1 (1.1)):
Powder method developed both fingerprints (real
and forged) but failed to differentiate them. After
application of C stain, reddish brown colour was
observed in forged fingerprints; however, real
fingerprints remained unchanged (Fig. 2a).

� C stain followed by powder method (Table 1 (1.2)):
When C stain applied on the latent fingerprints, only
forged fingerprints were developed. Subsequent

application of powder method successfully developed
both real and forged fingerprints with black appearance.
Thus, prior application of C stain method did not pose
any hindrance in the development of these prints by
powder method (Fig. 2b).

� Ninhydrin followed by C Stain (Table 1 (1.3)): Both
real and forged fingerprints developed well by
ninhydrin, but no differentiation was observed.
Subsequent application of C stain method produced
clear differentiation in colour change (purple to red)
in forged fingerprint, and no such change was
observed in real fingerprints (Fig. 2c).

� C stain followed by ninhydrin (Table 1 (1.4)): When
C stain was applied on latent fingerprints, only
forged fingerprints were developed. On application
of ninhydrin, the C stain-treated fingerprints got
stained with no analyzable impression of fingerprints
(Fig. 2d).

� AgNO3 followed by C stain (Table 1 (1.5)):
Application of C stain on AgNO3-treated
fingerprints resulted in the complete destruction of
both real and forged fingerprints (Fig. 2e).

� C stain followed by AgNO3 (Table 1 (1.6)): After
application of AgNO3, the real fingerprints appeared

Fig. 3 a Analysis of real and forged fingerprints on porous surface (paper) with black powder followed by C stain method. b Analysis of real and
forged fingerprints on porous surface (cardboard) with black powder followed by C stain method. c Analysis of real and forged fingerprints on
porous surface (wood) with black powder followed by C stain method
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brownish black whereas forged fingerprints appeared to
be greenish brown. However, the quality of developed
fingerprints was not reasonably good (Fig. 2f).

� Iodine fuming followed by C stain (Table 1 (1.7)):
Iodine fumes developed both real and forged
fingerprints due to the presence of fatty acids and
NaCl. Ridges in forged fingerprints appeared to be
darker than real fingerprints when C stain was
applied on these pretreated fingerprints. However,
this combination resulted in background staining
(Fig. 2g).

� C stain followed by iodine fuming (Table 1 (1.8)):
This combination worked well as developed
fingerprints were of good quality, and a clear
distinction between real and forged fingerprint was
observed. Forged fingerprints appeared darker than
the real fingerprints (Fig. 2h).

The impact of surface on development of forged
fingerprint by C stain was analysed on porous sur-
faces (paper, cardboard and wood) and non-porous
surfaces (chromogenic paper, plastic bottle, glass).
The C stain method efficiently differentiated forged
fingerprints from real fingerprints on paper (Fig. 3a)
and cardboard (Fig. 3b), but no development of real

fingerprints was observed on wood (Fig. 3c) due to its
high porosity. Background staining was observed on
all these substrates. The technique worked efficiently
on non-porous surfaces (chromogenic paper (Fig. 4a),
plastic bottle (Fig. 4b) and glass (Fig. 4c)), and colour
differentiation was observed between real and forged
fingerprints.
To analyse the efficacy of C stain method with forged

fingerprints prepared with clay and plaster of Paris
(PoP), the stain was applied on these latent prints, and
as expected, no differentiation between real and forged
fingerprints was observed.
The impact of aging of fingerprints on their devel-

opment and differentiation was analysed on real and
forged fingerprints stored at room temperature for
different time durations (1 day to 4 weeks). No quali-
tative variation was observed after 1 week of storage,
and both real and forged fingerprints were developed
and differentiated efficiently by combination of pow-
der method and C stain method (Fig. 5a). Similar re-
sults were observed even after 2 weeks of storage (Fig.
5b). However, real fingerprints were partially devel-
oped after 3 weeks, and no development was seen
after 4 weeks. Forged fingerprints were developed
completely even after 4 weeks (Fig. 5c, d).

Fig. 4 a Analysis of real and forged fingerprints on non-porous surface (chromogenic paper) with black powder followed by C stain method. b
Analysis of real and forged fingerprints on non-porous surface (plastic bottle) with black powder followed by C stain method. c Analysis of real
and forged fingerprints on non-porous surface (glass) with black powder followed by C stain method
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Discussion
Use of forged fingerprints is one of the biggest chal-
lenges for the criminal justice system in the absence of
their credible detection. Such a situation may lead to
false implication of an innocent person. There are a
large number of famous and media highlighted cases
(David Pearce (1938), Nedelkoff (1940), Harry Oakes
(1943), William DePalma (1968), Mickelberg (1980),
etc.) where conventional methods failed to differentiate
real and forged fingerprints (Champod and Espinoza
2014; Marcel et al. 2014). Another misuse of fraudulent
fingerprints is to avoid identification by producing a fric-
tion ridge skin having no association with a known fin-
gerprint, either because of it being a mirror image of a
genuine fingerprint or a randomly created fingerprint.
Carlson (1920) stressed on the risks posed by casting
materials which can be used to produce marks with nat-
ural secretion and blood. According to the literature,
several approaches have been used to ascertain genuine-
ness of fingerprints on the basis of background noise,
overall shape of mark, unexpected appearance of the
ridges, presence of air bubbles and absence of visible
sweat pores. However, their reliability for differentiation
has diminished over time (Champod and Espinoza
2014). In case of fortified PVA-based fingerprints, all the
known methods fail to differentiate them from the real

ones. Thus, the present study is a step towards address-
ing this problem. In this study, C stain method is shown
to be an effective approach for identification of fortified
PVA based forged fingerprints.
This novel protocol differentiated forged fingerprints

from the real ones, in terms of colour difference. Its per-
formance was evaluated on porous and non-porous sur-
faces. While it performed well on non-porous surfaces,
C stain reacted with the substrate on porous surfaces
and darkened the surface resulting in poor visibility of
the developed fingerprint. The C stain method when ap-
plied just after the conventional methods, it produces
encouraging results. However, its direct application may
lead to alteration of the real fingerprints making it diffi-
cult to develop fingerprints by the conventional
methods. This method has a limitation in case of lignin-
based porous surfaces which get stained with the chem-
ical used and makes fingerprint analysis difficult. If lig-
nin is present in the substrate, C stain method produces
a yellow colour on the surface (Adamopoulos and Oliver
2006).
The real and forged fingerprints preserved at room

temperature were developed at regular intervals up to 4
weeks to analyse impact of aging of these fingerprints on
their development. Partial development of real finger-
prints was seen after 3 weeks, and no development was

Fig. 5 a Fingerprints development and differentiation after 1 week (black powder followed by C stain method). b Fingerprints development and
differentiation after 2 weeks (black powder followed by C stain method). c Fingerprints development and differentiation after 3 weeks (black
powder followed by C stain method). d Fingerprints development and differentiation after 4 weeks (black powder followed by C stain method)
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observed after 4 weeks, possibly due to degradation of
amino acids and salts present in these fingerprints.
Forged fingerprints were developed completely even
after 4 weeks due to non-degradation of PVA present in
these fingerprints.

Conclusion
On a crime scene, a criminal may leave forged finger-
prints to hide his/her identity or to mislead investigators.
In such cases, it is difficult to ascertain whether the fin-
gerprints lifted from the crime scene are real or forged
prints transplanted by the criminal. In this study, a novel
protocol is developed to differentiate forged fingerprints
from the real ones, in terms of colour difference. C stain
method is an effective technique for distinguishing
forged fingerprints from the real ones. It works as a dis-
tinction tool even when used in combination with exist-
ing development methods. Further, this new technique
has been found to be effective irrespective of the time
delay in developing fingerprints.

Abbreviations
PVA: Polyvinyl acetate; AgNO3: Silver nitrate; PoP: Plaster of Paris; C
stain: Chemical stain
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