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Abstract
The ﬁngerprint is most valuable tool in criminal as well as civil identiﬁcation purposes. Identiﬁcation of ﬁngerprint carried out
with minutiae that found on ﬁnger, which is independently responsible for individualization. From ancient times to present
scenario, we have seeing the progressive advancement in development of ﬁngerprint technique. In this days, ﬁngerprint pattern
have being utilized in various government schemes MNREGA, Ujjawala gas scheme and attendance of student during exam
ﬁngerprint authentication necessary. Because daily usage of ﬁnger during various occupational work it has more liable to
damage. So, to overcome these challenges here discussed the various tools which are introduced by diﬀerent researcher till
present time.
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Introduction
Personal Identiﬁcation is an important procedure in criminal
justice system whether it is used for criminal or civil
purposes.1Nowa days, diﬀerent methods are used for personal
identiﬁcation, which do have their own limitations. One of the
main identiﬁcation methods technique ﬁngerprint i.e. is
considered as a valuable tool for personal identiﬁcation.
Fingerprints are unique, universal, have persistent characters
as well as it is commonly found at the scene of crime2.
Fingerprint is deﬁned as elevated area of minute ridges found
on the surface of the skin of each ﬁnger. These types of
structures having grooves and furrows are collectively known
as friction ridges. Friction ridges are normally found on the
ﬁngers, on the palms of the hand along with on the soles of the
feet3.These friction ridges are main cause of ﬁngerprint
appearance at the crime scene4. Moreover, ﬁngerprints are
mainly of three types such as visible, plastic print, and latent
print5. Fingerprints also have diﬀerent pattern like arch, loop,
whorl etc. that helps in the identiﬁcation of the perpetrator.
At the scene of crime plastic, patent and latent ﬁngerprints are
left by the perpetrator. The recognition, development,
preservation, lifting and packing of the perpetrator
ﬁngerprints from this scene of crime then the ﬁngerprint
sample reach to the ﬁngerprint expert at the forensic science
laboratory. Identiﬁcation of unknown ﬁngerprint depend on
several factors like partial ﬁngerprint, gloves were worn by
perpetrator, ﬁngerprint have been removed. Preservation,
collection, labeling, packing, of ﬁngerprints and lastly which

ﬁngerprint development method has been applied2. In
addition to this, ﬁngerprint could also be destroyed by
perpetrator to hide his/her identity. There are several methods
which are used for the destruction of ﬁngerprints. These
methods may be natural and intentional. Natural methods of
ﬁngerprint destruction include those methods which naturally
destroy the ﬁngerprints such as occupational working
methods like Washer man /women, mechanics, plumber, coal
mines worker, cobbler, plumber, farmer, etc. skin diseases
(palsy, leprosy), amputated ﬁngers, extra ﬁngers, webbed
ﬁngers6.Many a time ﬁngerprint are destroyed by the
perpetrator to damage his/her ﬁngerprint. Some of the
common methods of destruction are ﬁngerprints by acid,
electrocution, by removing of epidermis or dermis layer of
skin, bandaged ﬁngers, large blisters are to protect
himself/herself from the crime6. All these are the challenges in
the ﬁeld of ﬁngerprint science which pose a serious problem
to ﬁngerprint expert in the recording of ﬁngerprints from
suspect or perpetrator, storing of ﬁngerprint data,
identiﬁcation and individualization of unknown ﬁngerprint
pattern, collecting ﬁngerprints from scene of crime. These
challenges not only aﬀect the criminal identiﬁcation
procedure but also the identiﬁcation of normal people such as
during the time of this study it was observed that there are
many cases where the ﬁngerprint of same people were not
matching or not accepted by biometric system because of
friction ridge destruction of ﬁngerprint pattern.
The present study mainly focuses on the recent challenges of
ﬁngerprint pattern identiﬁcation.
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Tools & Techniques in Fingerprint Analysis: There are lots
of evidence in the past literature that friction ridges on the
hands of ancient hominids were similar to modern man and
primates. Approximate 4000 BCE old example of friction
ridges on pottery and bricks found in china by archeologist.
These unintentional ﬁngerprint impressions found on the
above said items may be tool marks, decorative, intentional,
or unintentional markings7. As it is well known from the
ancient times ﬁngerprint pattern have been used for various
purposes such as identiﬁcation, signing purposes etc.
Fingerprints are used for over a decade, and moreover it has
been a broadly accepted form of a biometric identiﬁcation.
Due to its high uniqueness, permanence, performance and
circumvention, the ﬁngerprint biometrics is the most widely
used technique. In the next part diﬀerent techniques which
range from primitive to advanced will be discussed.

Chemical methods on porous surface: Here porous means
that the surface contain pores on its substrate which has
permeability for liquids and gases. The most common
examples of porous surface at scene of crime paper, cardboard
and unﬁnished wood. In porous substrate, the water soluble
components of the ﬁngerprint such as amino acid, sodium
chloride and urea are absorbed and while the non-watersoluble components such as lipids and waxy compounds ﬁxed
on the surface until they are wore out or destroyed by
environmental factors such as temperature, Humidity etc.9
Development of ﬁngerprint on porous surface basically
depends upon the situation and condition of the evidence.
Before developing ﬁngerprints on the porous surface it should
be photographed and after their each spray it has to be
photographed one by one. So, the concerning developing
reagent sprayed in a following consecutive manner.

Physical methods on non-porous surface: Fingerprint
powders are a rapid, eﬀective, and cheaper method of latent
print development. Fingerprint powders are implemented on
dry, nonporous surfaces. The powder particles may be
attached to the oil and water constituents of latent print
residue. They are most usually used at crime scenes where
large areas and ﬁxed objects such as furniture, windows, and
railings must be processed eﬃciently on-scene of crime.
Initially used ﬁngerprint powders consist of ground chalk &
mercury. Fingerprint powders composed of diﬀerent
composition in proportionate amount. Generally nonmagnetic powder consist of pigment and an adhesive carrier
particle or ﬁller material.8As a adhesive component rosin
extract, such as dragon's blood, stearic acid, cornstarch, raven
powder, Acacia powder, or Lycopodium powder are being
used. Lycopodium spores are ﬁne in texture, smooth,
lightweight and round. These spores are scattered in
powdered form. Stearic acid is hydrophobic fatty acid that
makes it suitable adhesive component of ﬁngerprint powder.
Acacia powder is also utilized as hydro phobic binder where it
is mixed with any oil or water interface. Pumice was also
utilised as ﬁller material to dispersal of powder over a surface.
So, the selection of ﬁngerprint powders depends upon the
condition, texture and color of the substrate, where it has to be
used. The most important property for the selection of
ﬁngerprint process is to choose a contrast of color with the
surface on which the ﬁngerprint is supposed to be developed.
Generally for the transparent, reﬂective and light-colored
surfaces, black ﬁngerprint powders are being used. If the
background is multicolored or dark, a light-colored or
ﬂuorescent powder is generally used.
Ÿ Granular powder (black, white, and bi-chromatic)
Ÿ Magnetic powder (black, bi-chromatic, and/or ﬂuorescent)
Ÿ Fluorescent powder (many colors available)
Ÿ Metallic ﬂake powder (aluminum, copper)
Ÿ Nano-powders
Ÿ Infrared powders

Visual examination – Indanedione – DFO – Ninhydrin Physical developer (PD).
Ninhydrin: It is also known as triketohydrindene hydrate,
soluble in water as well as alcohol. Primitively it was useful to
test proteins in biological samples. But, In 1954 some
scientists suggested that aqueous solution of ninhydrin could
be useful to visualize latent prints. This chemical reacts with
amino acid and proteins give rise to purple color that called as
Ruhemann's purple. Visualization of latent print on the paper
generally takes 24-48 hours for the development. Recently
used formulation of ninhydrin is HFE 7100TM
(hydroﬂuoroether 1-methoxynonaﬂuorobutane) which is less
toxic than previous available solution and also doesn't cause
ink to run. Ninhydrin ﬁngerprints are intensify by metal salt
treatment. The solution of zinc nitrate and cadmium nitrate
turns the purple ninhydrin ﬁngerprints to orange, red color
respectively.
At present the analogs of Ninhydrin like 5-methoxyninhydrin
(MN) and 5-methyl-thioninhydrin (MTN)that require no heat
for the development. Almong et al prove that both reagents
more sensitive than ninhydrin.10
DFO: The highly ﬂuorescent reagent1,8-diazaﬂuoren-9-one
(DFO) was developed in 1980. It reacts with amino acid of
ﬁngerprint in a similar way that of ninhydrin. Fluorescent
ﬁngerprint produced by DFO is used to visualized
ﬁngerprints on multicolor or dark background where purple
coloured ninhydrin ﬁngerprints may not be visible. Its
capability to produce ﬁngerprint is twice as that of ninhydrin.11
Instead both chemical may show the same print but develop
by the DFO was more distinct.
Indanedione: Indanedione (1,2-indanedione),
(indanedione–zinc) was reported around mid to late
1990.12,13,14The latent ﬁngerprint developed by indanedione are
visible similar to that of ninhydrin ﬁngerprints or ﬂuorescent
ﬁngerprints. The ﬁngerprint developed is pink in color and
lighter than Ruhemann's purple. Liu at al. reported that it
easily develops latent ﬁngerprints on rough surface like as
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stone, brick, cement, wood, and cotton.15 The ﬁngerprint
developed by it more prominent than ninhydrin and DFO. 12
Physical Developer: Sebaceous component of latent print
contain amino acid i.e. water soluble and others i.e. water
insoluble components. When water soluble component are
washed away in humid condition like toilets, kitchen etc. then
other water insoluble component remains on the surface or
adhered loosely to the porous substrate. For these condition,
physical developer were recommended for developing
ﬁngerprint. It acts on lipids and oils present in latent print
residue. The main construction with PD is that the surface
should be wet or in moist condition. The process of
development of the ﬁngerprint using physical development
method is quite complicated. It is divided into four parts i.e.
spraying of acidic solution followed by PD solution, then the
develop surface should be rinsed with water and bleach before
drying which is the last step of developing ﬁngerprint by
physical developer technique.
Chemical methods on non-porous surface: Now a days, the
objects used in daily lives are made up of metal, glass or
plastic, like as cell phones, glass, plastic bags, vehicle
exteriors etc. which are non-porous. When one touches or
holds such non-porous objects the component of sweat does
not penetrate. Over a period of time, the water component of
the ﬁngerprint evaporate out, leaving behind the water
insoluble components (lipids, waxy compounds etc.) and
other substance like amino acid, sodium chloride, urea etc.
which do not evaporated. Care must be taken while handling
non-porous items, because prints on them are very fragile and
can easily be obliterated if they are handled improperly. The
latent ﬁngerprint are also aﬀected by environmental factors
such as wind, rain, temperature and humidity. A ﬁngerprint in
the shady place in humid weather condition may survive for a
much longer than a ﬁngerprint under light and dry
environmental condition. So, the sequence for development
of latent ﬁngerprint is as follows.

left overnight to permit the polymerization reaction to occur.
This process is known as dye staining. Luminescent dye stains
in particular attach to the CA polymer deposited along the
friction ridges. The mechanism behind the dye staining is that
the dye molecules get attached in the polymer by ﬁlling vacant
/empty space in the matrix. 16 The dye stains produce
ﬂuorescence and is viewed with ALS, UV light or laser
source.
One step ﬂuorescent cyanoacrylate: Researchers developed a
new technique in which combination of CA fuming and dye
stains are being used. This is one a one-step fuming process in
which fuming and dye stains of the print occurs simultaneously.
The dye molecules adhered during the process of
polymerization and can be quickly seen with a forensic light
source. One example of this complex is Lumicyano TM given
print better than or equal to that of R6G.17 It has been quite useful
on diﬃcult surface like plastic bags.18
Vacuum Metal Deposition: In this technique, vaporization
of small amount of metal in a vacuum environment helps the
vaporized metal to get attached on the ﬁngerprint surface
except along the friction ridges. So, this is the opposite
reaction to that of CA fuming by which we have got negative
impression of the ﬁngerprint. It is quite useful on all surfaces
like cloth, plastic bag, paper currency etc.VMD can also be
used on semi porous and nonporous surfaces and had been
successful in developing aged prints. It was also reported that
the technique ﬁve times more powerful than CA fuming
processing on fabrics.19
Limitations of above techniques: Latent ﬁnger print is one
of the most important physical evidence at scene of crime
which needs visualization methods like physical, chemical
and optical methods. However, these methods have their own
limitations.
Ÿ

Visual examination - CA (SuperglueR) fuming - Dye stainingLaser or alternate light source (ALS) – Fingerprint powder Vacuum metal deposition (VMD)
Cyanoacrylate Ester: SuperglueR Fuming: Cyanoacrylate
also known as Superglue. It is a technique which involves two
steps i.e. vaporization and polymerization. Vaporization
means conversion of liquid into a gas whereas Polymerization
means individual monomers get link to form a chains. This
formed long chains called as polymer. In the process of CA
fuming, a monomer of CA binds to the latent ﬁngerprint
substrate. Other monomer units of CA attached to both of the
latent print substrate and the CA monomer that has already
bonded. This process results in a chain of CA molecules that
form along the latent print substrate, to obtain a developed
white ridges of polymerized CA called as polycyanoacrylate.

Limitations of Physical methods: Powder methods are
usually used for non-porous surfaces. But these methods
cannot be useful for porous surfaces. This is important
limitation which should be kept in mind while applying
this method on surfaces. In addition moist ﬁngerprints are
not well developed using the powder method. This method
is not good for old latent ﬁngerprints.
Although using ﬁngerprint powder is quick and
inexpensive, concerns have been raised recently
concerning the possibility of contamination due to the
transfer of DNA through the use of ﬁngerprint brushes6.

Ÿ

Cyanoacrylate dye stains: When latent ﬁngerprint treated
with CA, it is either processed immediately with a dye stain or
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Problem associated with Chemical methods:
Development of latent ﬁngerprints at scene of crime is
another way to visualize latent ﬁnger print. One of most
important limitation is that some chemical method may
destroy other physical evidence like writing in case of
handwriting, DNA in case of biological evidence. It is also
time consuming and cumbersome process to develop the
prints. Most of the chemical used there are toxic in nature.

Recent advancement in Tools and techniques: Fingerprints
is one of the important physical evidence which plays a
valuable role in crime investigation or criminal identiﬁcation.
Latent ﬁngerprints are common at scene of crime among three
ﬁngerprint types.1Powders, chemical or optical methods are
reported to develop and visualize latent ﬁngerprints at scene
of crime in the literature .2 But these methods have their own
limitations and beneﬁts which have been described already.
Recently, research groups are working towards new methods
for the development and visualization of latent ﬁngerprints on
various substrates. In this series an interesting work was done
by Rakesh Kumar Garg et al reporteda new technique for
visualization of latent ﬁngerprints on various surfaces using
powder from turmeric. The method developed by this group is
simple, non-toxic, and less expensive for the development of
latent ﬁngerprints which could be used on various surfaces.
However, it cannot be used on porous surfaces20. Harish
Kumari et alhave also developed a new visualizing agents for
latent ﬁngerprints using Synthetic food colors and festival
colors. This method is particularly useful on aluminum
matrices 21. Kulvir Singh et alalso reported a new method for
the development of latent ﬁngerprint at scene of crime which
could be used on non-porous surface22.Girraj Sharma et al
went on to developed a method using Geru powder (Silicate of
aluminum and oxide of iron) as an alternative powder in
dusting method for developing of latent ﬁngerprints on
various nonporous-smooth surfaces. The method has its
limitation such as it is not useful for porous surfaces and
moisture containing ﬁngerprints5. Ashish badiye et al also
suggested a method for development of invisible ﬁngerprints
using Robin blue, it is commonly useful for most of the
intricate and multi-colored surfaces23.Rajendra Prasad Pawar
et al also reported a method for lifting and preservation of
ﬁngerprints. The method is application of tube repair patches
for lifting of ﬁngerprints and their preservation by Trasoscan
laboratory imaging system. This method is simple, sensitive,
and has wide application at most of crime scene for lifting
purposes. Lifted ﬁngerprints could also be preserved and
processed for further examinations 4.
The recent work for the development of invisible ﬁngerprint
has been done by Hong Chen et al. The suggested method is
ﬂuorescence development of latent ﬁngerprint with
conjugated polymer nano-particles in aqueous colloidal
solution. The method is highly sensitive and selective for
enhancement of latent ﬁngerprints at scene of crime24.
Recent Challenges to identify ﬁngerprint pattern:
Fingerprints are used for various purposes in day to day life
such as to lock or unlock smart phones, entry-exit point in
various governmental and private organizations, to take
attendance of employee in private and government sector, to
open account in bank, to make passport, driving license,
government services etc., to create AADHAR authentications
in various government schemes like MNREGA, Ujjawala gas
scheme, to take beneﬁt by direct bank transfer (DBT), to

appear in exam etc. . Fingerprints are natural impressions that
could also disappear partially or permanently from the skin of
ﬁnger. It depends on where person is involved or their
intention and their occupation. All these factors are being
observed during the time of study by researcher. In this
schemes mainly lower middle class, lower class income group
are involved. Because, this group are involved in diﬀerent
occupations such as mason in brick work, farmers in crop
ﬁelds, mines worker in various types of mines like coal,
manganese, copper, gold etc., glass industry, tailoring work,
cobbler work etc. Basically involvement of their bare hand in
his work by which there is a chance of damage of ridges
characteristics, minutiae of their hands. In such instances this
workers face problem associated with mismatch of
ﬁngerprint. Apart from this, many students face problem
related to ﬁngerprint mismatch during exam. To solve such
problem a new innovativein technologies are urgently
required.

Conclusion
Fingerprints are usually found as physical evidence at the
scene of crime by which perpetrator could be identiﬁed and
punished by the Court. Based on the ﬁndings of the present
study, it is reported that ﬁngerprints can be destroyed naturally
or intentional way by perpetrator using various methods. This
destruction of ﬁngerprints poses a serious problem to the
forensic scientist in comparison and analysis of ﬁngerprints.
During the study it is found that there areseveral natural way
where ﬁngerprint pattern are destroyed. One of them is
occupation where ridges of ﬁngerprint pattern disappears get
partially damaged due to friction. Moreover, reappearance of
ﬁngerprint ridges takes time during this time if she /he commit
crime. It would be very diﬃcult to forensic scientist to analyze
or compare the same. On the other hand, it is not only
associated with perpetrator or criminal but also with normal
people. If such type of case is recognized forensic expert
should take a time and help of advance technique then start
analysis of ﬁngerprints. In addition to this, forensic expert
should go through the previous record of perpetrator, wash
ﬁngerprints with warm water and wipe it then take ﬁngerprint.

Acknowledgment
Author Patle CR thankfully acknowledge UGC University
fellowship and other authors highly acknowledged to all the
authors whose published material that have been used and
consulted for preparation of this manuscript.

References
1.

Sharma, B.R. (2014). Forensic Science in Criminal
Investigation and Trials, 5th Edition, Universal Law
Publishing.

2.

Saferstein, R. (2015). Criminalistics: An Introduction to
Forensic Science, 11thEdition, Pearson Education
Limited.

45

3.

Daluz, Hillary Moses - Fundamentals of Fingerprint
Analysis (2019)

4.

Pawar, R.P., Sharma, G., Bose, D. (2017). Application of
tube repair rubber patches for lifting of ﬁngerprints and
their preservation by trasoscan laboratory imaging
s ys tem. Indian J ournal of Criminology and
Criminalistics (January to June, 2017).

5.

Sharma, G., Pawar, R.P., Athar, M., Bose, D. (2017) Use
of geru powder as an alternative powder in powder
dusting method for developing the latent ﬁngerprints on
various non-porous smooth surfaces. The Indian Police
Journal. 64, (page no.17-27)

6.

The Fingerprint sourcebook; published by National
Institute of Justice; 2012, Chap.7 ; 7-14

7.

Ashbaugh, R. D.(1999). Quantitative-Qualitative
Friction Ridge Analysis: An Introduction to Basic
and Advanced Ridgeology, CRC Press, Boca Raton,
New York.

8.

Yamashita, B. and French, M. 2011. Latent print
development. In The Fingerprint Source book.
Washington, DC: National Institute of Justice, U.S.
Department of Justice, Oﬃce of Justice Programs.

9.

(Almog, J., Azoury, M. et al., 2004. Fingerprints' third
dimension: the depth and shape of ﬁnger prints
penetration into paper—cross section examination by
ﬂuorescence microscopy. J.Forensic Sci., 49(5):
981–985.

10. Almog, J., Klein, A., Davidi, I., Cohen, Y., Azoury, M.
and Levin-Elad, M., 2008. Dual ﬁngerprint reagents
with enhanced sensitivity: 5-methoxy- and 5methylthioninhydrin (MTN). J Forensic Sci., 53:
364–368.
11. Berdejo, S., Rowe, M. and Bond, J., 2011. Latent
ﬁngermark development on a range of porous substrates
using ninhydrin analogs—a comparison with ninhydrin
and 1,8-diazoﬂuoren. J. Forensic Sci., 57(2): 509–514.
12. Almog, J. et al., 1999. Latent ﬁngerprint visualization by
1,2-indanedione and related compounds : preliminary
results. J. Forensic Sci., 44(1): 114–118.

16. Yamashita, B. and French, M. 2011. Latent print
development. In The Fingerprint Sourcebook.
Washington, DC: National Institute of Justice, U.S.
Department of Justice, Oﬃce of Justice Programs)
17. Prete, C., Galmiche, L., Quenum-Possy-Berry, F.G.,
Allain, C., Thiburce, N. and Colard, T. 2013.
Lumicyano™:a new ﬂuorescent cyanoacrylate for a
one-step luminescent latent ﬁngermark development.
Forensic Sci. Int. 233: 104–112.
18. Farrugia, K.J., Deacon, P. and Fraser, J. 2014. Evaluation
of Lumicyano™ cyanoacrylate fuming process for the
development of latent ﬁngermarks on plastic carrier
bags by means of apseudo operational comparative trial.
Sci. Justice 54: 126–132.
19. Fraser, J., Deacon, P., Bleay, S. and Bremmer, D.H. 2014.
A comparison of the use of vacuum metal deposition
versus cyanoacrylate fuming for visualization of
ﬁngermarks and grab impressions on fabrics. Sci.
Justice 54 (133–140)
20. Garg R., Kumari H., and Kaur R. (2011). A new
technique for visualization of latent ﬁngerprints on
various surfaces using powder from turmeric: A
rhizomatous herbaceous plant (Curcuma longa).
Egyptian Journal of Forensic Science, 1, 53-57.
21. Kumari H., Kaur R., Garg R., (2011). New visualizing
agents for latent ﬁngerprints: Synthetic food and festival
colors.Egyptian Journal of Forensic Science, 1,
133-139.
22. Singh K., Sharma S., Garg R., (2013). Visualization of
latent ﬁngerprints using silica gel G: A new technique.
Egyptian Journal of Forensic Science, 3, 20-25.
23. Badiye A., Kapoor N., (2015). Eﬃcacy of Robin powder
blue for latent ﬁngerprint development on various
surfaces. Egyptian Journal of Forensic Science, 5, 166173.
24. Chen, H., Ma, R., Chen, Y., Fan, L. (2017). Fluorescence
development of latent ﬁngerprint with conjugated
polymer nano particles in aqueous colloidal solution.
ACS Applied Materials and Interfaces, 9, 4281-5030.

13. Stoilovic, M. et al., 2007. Evaluation of a 1,2indanedione formulation containing zinc chloride for
improved ﬁngermark detection on paper. J. Forensic
Ident., 57: 4–18.)
14. Marriott, C. et al., 2014. Evaluation of ﬁngermark
detection sequences on paper substrates.Forensic Sci.
Int., 236: 30–37.
15. Liu, S. et al., 2016. Detecting latent prints on stone and
other diﬃcult porous surfaces via indanedione/zinc
chloride and laser. J. Forensic Sci. Med., 2: 203–207.

46

