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Abstract

Different chemical, physical, and physico-chemical
methods with addition of optical methods have been used
for decades for the development of latent fingerprints (LFPs),
even though the choice of a method depends on various
factors (type and structure of the surface, external conditions,
donor etc.). However, a universal system has not yet been
fabricated, while many of those already used are toxic to
the humans and the environment. Recently, researchers
designed formulations based on (bio)polymeric materials and
their specific properties, suitable for targeted interaction with
fingerprint (FP) sweat and lipid residues.

Some research groups produced fluorescent properties
of particular polymeric materials to map sweat pores, while
others encapsulated/incorporated dyes, pigments, etc. into
polymeric matrix to obtain formulations of desired color and
properties. Additionally, polymer micelles have become
interesting due to their amphiphilic properties and the ability
to incorporate compounds which could enable multi-colored
emission brightness. Nevertheless, (polymeric) nanomaterials
are currently of a great importance in material science world,
due to specific optical and electronic properties convenient for
interaction with FP residues found on different (multi-colored,
electroconductive, etc.) substrates.

This paper focuses on (bio)polymer-based systems used
to develop LFPs, different approaches of research groups and
future possibilities to create the optimal system for specified
purpose.
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1. Introduction

Since 1891, one of the main approaches used
in criminal investigations to identify individuals is
forensic examination of fingerprints (FPs), also
known as dactyloscopy [1-3]. The fingerprint (FP)
represents an impression deposited by the friction
ridges of a human fingertips, and consists of secre-
tion of sweat and sebaceous glands in the form of
papillary line traces. By excluding injuries, diseases
and other factors that can artificially contribute to
the modification or change, papillary lines are per-
petual and do not change over time [4-7]. Therefore,
FPs are unique for each person (including identi-
cal twins) [8]. Friction ridge details are generally
described in a hierarchical order at three levels,
namely level 1 (FP basic pattern), level 2 (minutiae
points) and level 3 (pores and ridge shape) [9-11].
On the other hand, FPs are also classified as pat-
ent, plastic and latent, and therefore different ap-
proaches and techniques are being employed for
their manipulation [5, 12, 13]. Latent fingerprints
(LFPs), are imperceptible to the naked eye and they
are often more challenging, because they should be
developed prior to collection and further processing,
so for that purpose different chemical, physical, and
physico-chemical, assisted with optical methods are
being applied [9, 13-15].

The intensity and quality of LFPs depends on
substrate properties (type, color, structure, etc.)
and environmental conditions, but also sex, age,
ethnicity, metabolism of the donor and its daily rou-
tine (nutrition, smoking, medication, cosmetics, etc.)
are of great impact [16-18]. Optical methods are
non-destructive and often employed to visualize or
enhance the FPs with alternative light sources [19-
21], while chemical methods are developing LFPs
by specific chemical reaction between the species
and the FP residues, resulting in the formation of
(stable) compounds and/or complexes [22-24]. Fur-

thermore, physical methods are based on physical
interactions between some components (usually
powders, pigments, dyes, and/or their mixtures) and
FP residues. Since almost all chemical methods
are detrimental to the environment and humans,
the physical systems took advantage, especially
during crime scene investigations [25-27]. The type
of physical formulation that will be employed de-
pends on various factors, but the properties of the
substrate that contains FPs are probably the most
important [28-30]. Therefore, when deploying new
systems and approaches for visualization of LFPs,
researcher groups should comply with the instruc-
tions proposed by professional and internationally
recognized organizations. International Fingerprint
Research Group (IFRG) proposed complex and in-
formative Guidelines for the assessment of finger-
mark detection techniques, with four main research
phases for assessment of novel systems. Phases
include system development from initial concept
through to final casework implementation, so each
following phase is more complex than the previous
one (e.g. requires more donors, substrates, exter-
nal conditions, etc.) [31].

Considering all aforementioned problems, while
highlighting the toxicity as the main shortcoming of
many systems, researches are making efforts in
developing novel formulations that will satisfy both
cost-benefit and eco-friendly demands. In this re-
view paper, the focus will be on (bio)polymer-based
powder formulations used for detection and en-
hancement of LFPs, especially on current achieve-
ments and capabilities for improvement in forensic
investigations.

2. Powder dusting

The most recognized method for developing FPs
is powder dusting, where powder particles adhere
to the sweat and lipid FP residues by physical in-

AJFSFM 2024; Volume 6 Issue (1)




teractions. Powder method is used extensively on

non-porous substrates such as glass, metal, paint-
ed surfaces, etc. [32, 33], but it does not always
detect older FPs due to the lack of residues, as a
consequence of the surface properties and external
factors [34, 35]. Regular (e.g. black and gray pow-
der), luminescent (fluorescent), metallic (magnetic,
silver) and thermoplastic powders are routinely em-
ployed in forensic practice. The structure, bright-
ness, color and other characteristics of the sub-
strate will influence the choice of the powder (e.g.
black powder for brighter and gray/silver for darker
surfaces), and it is always desirable to use less- or
non-destructive system. The powder is applied with
a brush (e.g. squirrel hair, zephyr, marabou brush
or magnetic stick — depending on the type of pow-
der) to the object with traces, which results in the
visualization of the FP image. Afterwards, the papil-
lary line traces can be photographed, collected and
further examined [7, 9, 13, 32]. However, it is very
difficult to produce a universal FP powder that will
match all demands. Experts indicate that currently
no powder can be used for all tasks, so each FP
should be treated independently, based on condi-
tions found at the crime scene [36].

3. Sweat pore mapping

The development of LFPs increasingly demands
improved sensitivity and quality of detection, where
poroscopy can have a great impact, as the study of
sweat pores present on the papillary ridges of the
skin. Lee and associates (2014) were one of the
first researchers in the field of mapping sweat pores
using polymeric materials. Research group indicat-
ed that a polymer showing immediate fluorescence
and color change in response to a small amount of
water may be used for visualization of FPs [37]. In
recent years, several other research groups have
used polymeric materials to map sweat pores on
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FPs. A simple and efficient sweat pore mapping
method based on fluorescein and poly(vinyl pyr-
rolidone) (PVP) composite film was developed by
Pyo et al. (2015). The composite film displayed a
fluorometric turn-on response upon contact with a
small quantity of water secreted from human sweat
pores, allowing precise mapping of sweat pores on
a fingertip. Each pore was reflected in a discrete
fluorescence microdot, where the coordinates of
the microdots can be extracted and the patterns
can be exploited for identification of individuals [38].
Additionally, the same group of authors reported a
new method for mapping sweat pores using a wa-
ter-soluble polymer matrix film. They determined
that local adsorption of water secreted from sweat
pores on human fingertips creates discrete microd-
imples on the hydrophilic polymer film, and these
microdimples can be clearly visualized by a con-
ventional optical microscope [39]. Futhermore, Park
and associates (2016) reported that incorporation
of headgroups composed of hygroscopic ions such
as cesium or rubidium and carboxylate counter
ions enables polydiacetylenes (PDAs) to undergo
a blue-to-red colorimetric transition, as well as a flu-
orescence turn-on response to water. The authors
reported four hydrochromic systems namely: hygro-
scopic headgroup PDA, inkjet compatible and tem-
perature dependent hydrochromic PDA, fluorescein
hydrophilic polymer PVP, and carbon nanodots. It
was determined the small quantities of water secret-
ed from human sweat pores were found to be suf-
ficient to trigger fluorescence turn-on responses of
the hydrochromic PDAs, allowing precise mapping
of human sweat pores [40].

4. Incorporation of fluorescent materials

Fluorescent powders are extensively employed
for detection and enhancement of LFPs on some
unconventional substrates, such are multi-colored
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surfaces, skin, firearms, etc. [41]. Therefore, re-
searchers are constantly trying to improve these for-
mulations in order to increase their sensitivity and
selectivity, and to obtain better contrast and over-
all quality. The electrodeposition of bilayer systems
based on conjugated and fluorescent polymers was
reported by Costa et al. (2020) to develop LFPs from
stainless steel. The first layer of polypyrrole was
electrodeposited onto the surface containing an LFP
and the second layer of a fluorescent poly(a-terthio-
phene) was electrodeposited onto the first layer.
Such bilayer systems showed fluorescent properties
and could be applied for the visualization of LFPs on
stainless steel, due to the high definition of images
under both visible and ultraviolet (UV) light (with de-
velopment of level 1 and 2 ridge details) [42].

Barros et al. (2020) proposed fluorescent de-
velopers based on starch, a high abundant natural
polymer. The small amount of organic (benzazole)
dye incorporated into starch matrix (under aqueous
and ethanolic conditions) considerably reduced a
risk of toxicity, while prepared developers also ex-
hibit high photophysical stability due to the excit-
ed-state intra-molecular proton transfer mechanism
and a high Stokes shift, which enables preservation
for a long time. It is evident that proposed system
is cheaper, more environmentally friendly and less
harmful, with promising results in developing fresh
and non-fresh FPs on porous and non-porous sub-
strates [43]. Similar group of authors reported the
entrapment of four different benzazole derivatives
into starch matrix, which showed intense fluores-
cence emission in the violet-green region while de-
veloping FPs from various porous and non-porous
substrates [44].

On the other hand, silicates have drawn high
interest as matrix materials due to multiple advan-
tages, such are easy surface functionalization, low
toxicity, high stability, and good optical properties

[45]. Li et al. (2022) proposed the phosphorescent
polymer/silica-based FP powder, prepared by one-
step pyrolytic synthesis. The carbonized polymers
gel-like solid with intense green room-temperature
phosphorescence emission were obtained by dis-
persing carbonized polymers in silica gel. Obtained
polymer-silica powders show bright blue fluores-
cence and strong green phosphorescence under
ambient conditions, by visualizing minutiae points
of LFPs on diverse substrates without background
interference [46].

Furthermore, conjugated polymers have high
potential due to possible structure modification.
Poly(p-phenylene vinylene) (PPV) nanoparticles
(NPs) in aqueous colloidal solution were proposed
by Chen et al. (2017). The FPs were deposited onto
three different types of adhesive tapes (both visible
and LFPs), as well as cover glass and aluminum
foil (only LFPs), then immersed into prepared col-
loidal solution and rinsed with deionized water. De-
veloped FPs excited with 365 nm UV light showed
good fluorescence and clear visualization of level 1
and 2 ridge details on all selected substrates, as-
sisted by digital magnification. Prepared PPV solu-
tion showed good steadiness up to 6 months [47].
Based on these results, a similar group of authors
proposed a combination of conjugated polymer NPs
and cyanoacrylate fuming for enhanced fluorescent
visualization of FPs. The PPV NPs possess a better
developing capability than rhodamine 6G when ex-
cited by 365 nm UV light [48].

5. Polymer micelles

Lately, polymer micelles have aroused a high in-
terest due to their amphiphilic properties and ability
to interact with both sweat and lipid residues present
in FPs. Wang et al. (2021) used a commercial con-
jugated polyelectrolyte based on polyfluorene de-
rivative to prepare polymer micelles in water, while
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multi-color emission was achieved by encapsulating

small organic dyes. Most organic fluorophores usu-
ally sustain significant aggregation-caused quench-
ing at dry state, thus limiting the emission brightness.
However, the encapsulation of dyes into micelles
enabled bright emission whether in micelles solu-
tion or in solid film. Polymer micelles showed blue
emission under UV irradiation, while encapsulation
of coumarin 6 and Nile red exhibited green and red
emissions, respectively. Prepared micelles were ap-
plied onto glass, aluminum, and stainless steel (with
smooth and rough surface), and results showed
high-definition FP images, with no background inter-
ference due to fluorescence and/or overlapping of
FPs [49]. Furthermore, Zou and collaborators (2022)
proposed the off-on fluorescent polymer micelles
based on poly((ethylene glycol)-co-(4-formyl-3-hy-
droxyphenyl)). Hydrazine was used as a crosslink-
ing agent, due to the reaction with aldehyde groups
of amphiphilic copolymer, to form polymer micelles.
The crosslinking induced emission can be associat-
ed with the occurrence of both aggregation-induced
emission and excited state intramolecular proton
transfer, contributing to the high-contrast fluores-
cence properties of micelles. Polymer micelles were
thoroughly investigated on FPs deposited onto glass
sheets, while their application capabilities were ex-
amined on no-background substrates (Blchner fun-
nel, leather, plastic wrap, and aluminum foil) and
background substrates (cans, wood, white paper,
and paper coupons). Prepared polymer micelles
showed high selectivity, good photostability, and ex-
cellent long-term steadiness, while developed FPs
exhibited bright yellow-green fluorescence, with vi-
sualization of 1-3 level ridge details of LFPs [50].

6. Polymer nanomaterials

The field of nanotechnology spreads out its ap-
plication in many scientific disciplines, due to spe-
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cific properties of nanomaterials (NMs), i.e. NPs.
Particles size up to 100 nm, selective binding to FP
residues obtained through the surface functional-
ization of the particles, and optical properties that
facilitate FP observation after development, repre-
sent the most important factors for their application
in forensic examinations of FP [51-53].

Prompt visualization of LFPs at the crime scene
is important for law enforcement agencies. In that
manner, fluorescent systems could enable high flu-
orescence with maximum brightness and contrast.
Abdollahi et al. (2022) developed multi-color photo-
luminescent functional polymer NPs based on flu-
orescent dye oxazolidine and copolymer matrix of
methyl methacrylate (MMA)/2-(dimethylamino)ethyl
methacrylate (DMAEMA). Seven different formula-
tions of polymer NPs have been prepared to develop
LFPs deposited onto different porous, semi-porous
and non-porous substrates, which were observed
under visible and UV light. Developed FPs ob-
served under visible light showed white color, while
under UV light FPs exhibit intensive purple color.
Results demonstrated high sensitivity and contrast,
as well as the visualization of FPs ridge details
from level 1-3 [54]. Similar research was reported
by Abdollahi and Dashti (2023), who synthesized
photoluminescent amphiphilic NPs by doping of
the hydroxylated oxazolidine derivative (OXOH) to
the surface of MMA/DMAEMA. The results showed
high fluorescence and sensitivity, accompanied with
good visualization of FPs deposited onto multiple
substrates (as explained in the research of Abdolla-
hi et al. (2022) [54, 55].

Dusting, spraying and vapor deposition tech-
niques have been routinely used for the develop-
ment of LFPs. However, shortcomings regarding the
synthesis procedure, post-treatment process and
toxicity have limited application of many systems,
and therefore electrospun polymer (nano)materials
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are proposed to circumvent these downsides. Gal
et al. (2023) proposed novel NMs, i.e. four fluoro-
phores based on electrospun PVP polymer doped
with fluorescent 10-ethyl-10H-phenothiazine-car-
boxylate salts (lithium, sodium, potassium, and cal-
cium salt). The advantages of electrospun polymers
are their small pore size, high porosity and large
surface area, which enable higher sensitivity and
interaction with LFP residues. Proposed polymer
systems showed multiplane properties — transfer
of LFPs from different substrates (glass, polymer,
metal, banknote, ceramic, and wood) onto electro-
spun mats and simultaneous development of LFPs
on the initial surface. The images were taken under
visible and UV (254 nm) light, and fluorophores vi-
sualized ridge details from level 1-3 [56].

On the other hand, Zhang et al. (2022) used
the mechanism of fluorescence resonance energy
transfer and reported aptamer functionalization and
high-contrast reversible dual-color photo-switch-
ing fluorescence of polymeric NPs. The results in-
dicated that prepared NPs (named LBA-RPFPNSs)
displayed good water dispersibility, quick photo-re-
sponsiveness, satisfying photo-reversibility and
good long-term steadiness, as they target lysozyme
in LFP residues [57].

Some authors reported nanophosphor formu-
lations, which can exhibit luminescence. Narasim-
hamurthy et al. (2021) developed Bovine Serum
Albumin (BSA) functionalized Gd203:Eu3+ (5 mol
%) nanopowders dispersed in a poly(vinyl alcohol)
(PVA) matrix. Prepared nanocomposites were used
to detect and preserve sebaceous FPs, previously
deposited onto different non-filtrating and filtrating
surfaces, then recorded under UV light (254 nm).
LFPs were visualized with Gd203:Eu3+ (5 mol
%)@BSA stain following powder dusting, and then
PVA film was used to preserve developed FPs for
a long period. The results on non-filtrating surfaces

showed well defined ridges with visualization of level
2 details, clearly visible under UV light. Similarly, vi-
sualization of LFPs on filtrating substrates indicated
clear images of FPs, with good contrast and without
background interference. However, as confirmed by
SEM analysis, one of the biggest achievements of
the research was the observation of ridge details
level 1-3 on FPs preserved for 1 year [58].

Furthermore, quantum dots made a break-
through into many scientific branches due to spe-
cific optical and electronic properties [59]. They can
exhibit light of various wavelengths when exposed
to some alternative light source, and currently one
of the most interesting type are carbon dots (CDs).
Milenkovic and collaborators (2019) prepared
N-doped CDs using the hydrothermal treatment
of PVP as N source, then used to develop LFPs
deposited onto tweezers and a plastic bag. Pre-
pared N-CDs exhibited bright fluorescence under
UV illumination by visualizing ridge patterns [60].
Ding and associates (2021) developed bifunction-
al composite powder with magnetic properties and
intense fluorescence. Powder marked as Fe304@
SiO2-CD showed high contrast, sensitivity and se-
lectivity over traditional methods for visualization of
FPs [61]. Additionally, Lin et al. (2022) designed Nile
blue-derived CDs encapsulated into polyethylene-
imine polymer dots (CPPDs). Prepared CPPDs
visualization of ridge 1-3 level details of LFPs on
multiple substrates, with high quality, resolution and
fluorescence [62].

7. Bio-based (polymer) formulations

Many commercial (especially chemical) systems
for development of LFPs are marked as detrimental
to humans and the environment. In that manner, re-
searchers opted for application of easily procurable,
non-toxic and cheap bio-based components. Some
authors used commonly available materials as pow-
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ders, such are minerals, food powders, cosmetics,

plant materials, etc. [63]. A couple research groups
used turmeric powder due to its eco- and cost-friend-
ly properties. Garg and associates (2011) investigat-
ed the application of turmeric powder on sebaceous
FP deposited onto 9 different porous, semi-porous
and non-porous substrates. The results indicated
that powder adheres selectively to the FP residues,
developing ridge patterns and details [64]. These re-
sults were confirmed by Dhunna and collaborators
(2018), who used turmeric powder to develop LFPs
deposited onto aluminum foil [65].

Plant materials brought attention due to easy dust-
ing, and possible application as sole materials or in
combination with other components. Some research
groups explored the utilization of henna powder
(Lawsonia inermis), which contains the red-orange
pigment lawsone. Chauhan and Udayakumar (2017)
successfully employed henna powder to develop FP
deposited onto white paper sheets [66]. Additionally,
Anand et al. (2017) examined henna powder on dif-
ferent porous and non-porous substrates with LFPs.
The best results were obtained on non-porous sub-
strates (especially aluminum foil), while porous and
rough substrates aggravated the development of
complete FP image and ridge details [67].

Furthermore, new powders based on marine al-
gal biomass were prepared by Passos et al. (2021),
to investigate their potential for enhancement of
LFPs. Natural and sebaceous FPs were deposited
onto the glass surface and developed with prepared
(bio)powders. The best results were obtained with
the powder prepared from biomass of Spirulina sp.
due to good visualization and satisfying contrast be-
tween the surface and the prints [68]. On the other
hand, some research groups investigated the po-
tential of natural recycled material for the visualiza-
tion of LFPs. Said and collaborators (2021) used
powders prepared from eggshells and clamshells to
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develop eccrine, sebaceous and natural LFPs de-
posited onto 5 non-porous substrates. The results
showed that both bio-powders successfully devel-
oped FP with visualization of ridge patterns when
compared with commercial (white) powder, which
was additionally confirmed when testing aged FPs.
Exposure to sunlight, submersion in water and buri-
al in soil where used to investigate the influence of
external factors, and it was determined that LFPs
could be recovered from all non-porous substrates
(except painted wood) [69].

According to the results reported by Hejjaji et al.
[70], Vuckovi¢ and co-workers prepared dextran-
and chitosan-based bio-formulations [26, 71]. When
compared, chitosan-based formulations showed
better results than dextran-based systems proba-
bly due to smaller particle size and better binding to
the FP residues. Briefly, chitosan-based conjugates
were prepared for detection and enhancement of
dry and sebaceous LFPs from glass and rubber
substrate. Results showed that obtained bio-based
powder formulation exhibited satisfying properties
for the visualization of sebaceous LFPs deposited
onto non-porous substrates [71].

Most recently, Li et al. (2023) proposed an
eco-friendly and low-cost FP powder based on
polydopamine nanospheres. Prepared powder was
used to develop LFPs deposited onto permeable
and non-permeable surfaces. Both level 1 and 2
ridge details were observed on colored lid, cam-
bered cup, paper, wood, and leather, while FPs
aged more than 90 days could be visualized on
non-permeable surfaces [72].

8. Discussion and conclusions

Methods and techniques for developing
LFPs are constantly improving in order to satisfy
numerous demands, but the most important are the
ease of application, price and toxicity. This review
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Figure 1- Preparation process of chitosan-based conjugates and visualization of fingerprint with prepared
chitosan-based powder (left-half of the fingerprint) and commercial magnetic silver powder (right-half of the

fingerprint).

paper encompassed the reports/publications of
newly proposed (bio)polymer-based formulations
for detection and enhancement of FPs. Biopolymer-
based systems are highly suitable due to their
non-toxicity, but biodegradability represents a
problem for storage of products and visualized FPs.
Synthetic polymeric materials are interesting due
to possible functionalization which can ameliorate
the interaction with FP residues. Therefore, the
combination of natural and synthetic polymers could
help to produce the material with desired properties.
However, fluorescent polymer nanoformulations
gave the best results under UV illumination, due to
easy application on diverse substrates, nanosized
particles, generating different colors, as well as high
sensitivity, selectivity and quality of images.
Based on the results obtained from all publications
presented in this review paper, it can be concluded
that although there is no universal system or
formulation for development of FPs, polymer-based
systems offer satisfying and improved visualization
of ridge patterns on various substrates compared
to those commercially employed. This allows the
advancement of the research of application of
polymeric materials in various forms in the field
of forensic trace analysis. The choice of method
depends on conditions in a specific case, so the

operators need to recognize and opt for the most
suitable approach. Additionally, different laboratories
should communicate, share experiences and
knowledge with the aim to find the best practical
solution, considering the standardization processes,
as well as the necessity to comply with the guidelines
suggested by the IFRG.

Conflict of interest

The authors declare no conflicts of interest.

Source of funding

This work was supported by the Ministry of
Science, Technological Development and Innovation
of the Republic of Serbia (Contract No. 451-03-
9/2021-14/200115).

References

1. Yager N, Amin A. Fingerprint classification: a re-
view. Pattern Anal Appl. 2004;7:77-93. https://doi.
org/10.1007/s10044-004-0204-7.

2. Sonne, WJ. Criminal investigation for the professional

investigator. 1st ed. Boca Raton: Taylor & Francis; 2006.

3. Abidullah M, Kumar MN, Bhorgonde KD, Prasad
Reddy DS. Cheiloscopy and dactyloscopy: Do they
dictate personality patterns?. J Forensic Dent Sci.
2015;7(2):114-20. doi: 10.4103/0975-1475.155079.

AJFSFM 2024; Volume 6 Issue (1)



https://doi.org/10.1007/s10044-004-0204-7
https://doi.org/10.1007/s10044-004-0204-7

10.

1.

12.

13.

14.

15.

Mozayani A, Noziglia C, editors. The forensic labora-

tory handbook procedures and practice. Totowa, NJ:
Humana Press; 2006.

Bleay SM, Croxton RS, De Puit M. Fingerprint Devel-
opment Techniques: Theory and Application. Chiches-
ter: John Wiley & Sons; 2018.

Sarfraz N. Adermatoglyphia: Barriers to Biometric Iden-
tification and the Need for a Standardized Alternative.
Cureus. 2019;11(2):e4040. doi:10.7759/cureus.4040.

Hawthorne M, Plotkin S, Douglas, B-A. Fingerprints:
Analysis and Understanding the Science. 2nd ed. Boca
Raton: CRC Press, Taylor & Francis Group; 2021.

Milasinovi¢, N. Polymers in Criminalistics: Latent Fin-
gerprint Detection and Enhancement — From Idea
to Practical Application. NBP — J Criminalistics Law.
2016;21(3):133-48. https://doi.org/10.5937/nabee
po21-11888.

Bumbrah GS, Sharma RM, Jasuja OP. Emerging la-
tent fingerprint technologies: a review. Res Rep Foren-
sic Med Sci. 2016;6:594192. https://doi.org/10.2147/
RRFMS.S94192.

Abebe B, Murthy HC, Zereffa EA, Dessie Y. Latent
Fingerprint Enhancement Techniques: A Review. J
Chem Rev. 2020;2(1):40-56.

Bécue A, Champod C. Interpol review of fingermarks
and other body impressions (2019 — 2022). Fo-
rensic Sci Int: Synergy. 2023;6:100304. https://doi.
org/10.1016/j.fsisyn.2022.100304.

Fish JT, Miller LS, Braswell MC, Wallace, EW. Crime
Scene Investigation. 3rd ed. New York: Routledge;
2013. doi:10.4324/9781315721910.

Champod C, Lennard CJ, Margot P, Stoilovic M. Fin-
gerprints and other ridge skin impressions. 2nd ed.
Boca Raton, FL: CRC Press, Taylor & Francis; 2016.
Datta AK, Lee HC, Ramotowski R, Gaensslen RE. Ad-
vances in Fingerprint Technology. 2nd ed. Boca Ra-
ton: CRC Press, Taylor & Francis; 2001.

Friesen, JB. Forensic Chemistry: The Revelation of
Latent Fingerprints. J Chem Educ. 2014;92(3):497—
504. doi:10.1021/ed400597u.

16.

17.

18.

19.

20.

21.

22.

23.

24.

N. Vuckovi¢, N. Milaginovi¢ |eTg

Archer NE, Charles Y, Elliott JA, Jickells S. Chang-
es in the lipid composition of latent fingerprint resi-
due with time after deposition on a surface. Forensic
Sci Int, 2005;154(2-3):224-39. doi:10.1016/j.forsci-
int.2004.09.120.

Croxton RS, Baron MG, Butler D, Kent T, Sears VG.
Variation in amino acid and lipid composition of latent
fingerprints. Forensic Sci Int, 2010;199(1-3):93-102.
doi:10.1016/j.forsciint.2010.03.019.

Cadd S, Islam M, Manson P, Bleay S. Fingerprint
composition and aging: A literature review. Science
& Justice. 2015;55(4):219-38. doi:10.1016/j.sci-
jus.2015.02.004.

Ling L, Huang L, Guo K, Huang H. Detection of fin-
gerprints on porous papers and performance evalua-
tion. Opt Commun. 2020;475:126276. doi:10.1016/].
optcom.2020.126276.

Accioly RJ. A low-cost chemical and optical approach
to develop latent fingermarks on silver mirror surfac-
es. Forensic Sci Int. 2021;327:110988. doi:10.1016/j.
forsciint.2021.110988.

Akiba N, Nakamura A, Sota T, Hibino K, Kakuda H,
Aalders MC. Separation of overlapping fingerprints
by principal component analysis and multivariate
curve resolution—alternating least squares analy-
sis of hyperspectral imaging data. J Forensic Sci,
2022;67(3):1208-14. doi:10.1111/1556-4029.14969.

Beerman N, Savage A, Dennany L, Fraser J. Evalua-
tion of the one-step Lumicyano™ used in the visual-
isation of fingermarks on fabrics. Science & Justice.
2019;59(5):486-97. doi:10.1016/j.scijus.2019.06.001.

Thomas-Wilson A, Guo ZY, Luck R, Hussey LJ,
Harmsworth M, Coulston JL, Robert Hillman A, Sears
VG. Replacing Synperonic® N in the Physical Devel-
oper fingermark visualisation process: Reformulation.
Forensic Sci Int. 2021;323:110786. doi:10.1016/].
forsciint.2021.110786.

Lee W, An J, Yu J. Mixture of dimethylaminobenzal-
dehyde and cyanoacrylate to develop fingerprints with
fluorescence: a preliminary test. Anal Sci Technol.
2022;31(5):1-7. doi:10.5806/AST.2022.35.1.1.

AJFSFM 2024; Volume 6 Issue (1)


https://doi.org/10.5937/nabepo21-11888
https://doi.org/10.5937/nabepo21-11888
https://doi.org/10.2147/RRFMS.S94192
https://doi.org/10.2147/RRFMS.S94192
https://doi.org/10.1016/j.fsisyn.2022.100304
https://doi.org/10.1016/j.fsisyn.2022.100304

V438 (Bio)polymer-Based Powders As Hidden Treasures in Dactyloscopy

25.

26.

27.

28.

29.

30.

31.

32.

33.

Singh P. Synthesis of novel benzocoronene tetracar-
boxdiimides for fluorescent. J Photochem Photobiol
A: Chem, 2020;403:112824. doi:10.1016/j.jphoto-
chem.2020.112824.

Vugkovi¢ N, Glodovi¢ N, Radovanovié Z, Janaékov-
i¢ D, Milasinovic N. A novel chitosan/tripolyphos-
phate/L-lysine conjugates for latent fingerprints de-
tection and enhancement. J Forensic Sci. 2021;66(1),
149-60. doi:10.1111/1556-4029.14569.

Manjunatha B, Bodke YD, Mounesh Nagaraja O, Na-
vaneethgowda PV. Coumarin-pyridone conjugate as
a fluorescent tag for LFPs visualization and electro-
chemical sensor for nitrite detection. New J Chem.
2022;46(11):5393-404. doi:10.1039/d1nj04751e.

Joannidis CA, Haddrill PR, Laing K. Determination
of the most effective enhancement process for latent
fingermarks on Clydesdale Bank and Royal Bank
of Scotland £5 and £10 polymer banknotes. Foren-
sic Sci Int, 2020;312:110334. doi:10.1016/j.forsci-
int.2020.110334.

Martinez TM. The effects of cyanoacrylate fuming and
rhodamine 6G on the adhesive side of tape when pro-
cessing with adhesive-side powders. J Forensic Iden-
tif. 2020;70(1):23-35.

Swank M, Davis CE. Recovery rates of latent prints
on firearm, magazine, and cartridge evidence: an FBI
case study. J Forensic Identif, 2021;71(1):3-10.

Almog J, Cantu A, Champod C, Kent T, Lennard C.
Guidelines for the assessment of fingermark detection
techniques. International Fingerprint Research Group
(IFRG). J Forensic Identif, 2014;64(2):174-200.
Sodhi
ing latent fingerprints: a review. Forensic Sci Int.
2001;120(3):172—6.  https://doi.org/10.1016/S0379-
0738(00)00465-5.

GS, Kaur J. Powder method for detect-

Lennard C. Fingermark detection and identification:
current research efforts. Australian J Forensic Sci.
2020;52(2):125-145. doi:10.1080/00450618.2018.1
474948.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Akiba N, Kuroki K, Kurosawa K, Tsuchiya K. Visu-
alization of Aged Fingerprints with an Ultraviolet
Laser. J Forensic Sci. 2017;63(2):556—62. doi:-
doi:10.1111/1556-4029.13588.

O’Neill KC, Lee YJ. Effect of Aging and Surface Inter-
actions on the Diffusion of Endogenous Compounds
in Latent Fingerprints Studied by Mass Spectrom-
etry Imaging. J Forensic Sci. 2018;63(3):708-13.
doi:10.1111/1556-4029.13591.

Vadivel R, Nirmala M, Anbukumaran, K. (2021). Com-
monly available, everyday materials as non-conven-
tional powders for the visualization of latent finger-
prints. Forensic Chemistry, 24, 100339. https://doi.
org/10.1016/j.forc.2021.100339.

Lee J, Pyo M, Lee S, Kim J, Ra M, Kim W-Y, Park BJ,
Lee CW, Kim J-M. Hydrochromic conjugated poly-
mers for human sweat pore mapping. Nat Commun.
2014;5:3736. https://doi.org/10.1038/ncomms4736.

Pyo M, Lee J, Baek W, Lee CW, Park BJ, Kim J-M.
Sweat pore mapping using a fluorescein—polymer
composite film for fingerprint analysis. Chem Comm.
2015;51(15):3177-180. doi:10.1039/c4cc09085c.

Pyo M, Lee J, Baek W, Lee CW, Park BJ, Kim J-M.
Sweat Pore Mapping Using Hydrophilic Polymer
Films. J Nanosci Nanotechnol. 2016;16(12): 12263—
67.

Park D-H, Park BJ, Kim J-M. Hydrochromic Ap-
proaches to Mapping Human Sweat Pores. Acc
Chem Res. 2016;49(6):1211-22. doi:10.1021/acs.
accounts.6b00128.

Chavez D, Garcia CR, Oliva J, Diaz-Torres LA. A re-
view of phosphorescent and fluorescent phosphors
for fingerprint detection. Ceram Int. 2021;47(1):10-
41. doi:10.1016/j.ceramint.2020.08.259.

Costa CV, Gama LI, Damasceno NO, Assis AM,
Soares WM, Silva RC, Tonholo J, Ribeiro AS. Bilayer
systems based on conjugated polymers for fluores-
cence development of latent fingerprints on stain-
less steel. Synth Met. 2020;262:116347. https://doi.
org/10.1016/j.synthmet.2020.116347.

AJFSFM 2024; Volume 6 Issue (1)


https://doi.org/10.1016/S0379-0738(00)00465-5
https://doi.org/10.1016/S0379-0738(00)00465-5
https://doi.org/10.1016/j.forc.2021.100339
https://doi.org/10.1016/j.forc.2021.100339
https://doi.org/10.1038/ncomms4736
https://doi.org/10.1016/j.synthmet.2020.116347
https://doi.org/10.1016/j.synthmet.2020.116347

43.

44,

45.

46.

47.

48.

49.

50.

Barros HL, Tavares L, Stefani V. Dye-Doped Starch

Microparticles as a Novel Fluorescent Agent for
the Visualization of Latent Fingermarks on Po-
rous and Non-Porous Substrates. Forensic Chem.
2020;20:100264. doi:10.1016/j.forc.2020.100264.

Barros HL, Stefani V. Synthesis and photophysical
behavior of fluorescent benzazole dyes and fluores-
cent microparticles: Their use as fingerprint developer.
J Photochem Photobiol A: Chem, 2021;420:113494.
doi:10.1016/j.jphotochem.2021.113494.

Rajan R, Zakaria Y, Shamsuddin S, Nik Hassan NF.
Fluorescent variant of silica nanoparticle powder syn-
thesised from rice husk for latent fingerprint develop-
ment. Egypt J Forensic Sci. 2019;9(50). doi:10.1186/
$41935-019-0155-1.

Li F, Tang L, Liu Y, Shao J. Background-free latent
fingerprint imaging based on carbonized polymers@
silica powder with intense green room-temperature
phosphorescence. Opt 2022;128:112356.
doi:10.1016/j.optmat.2022.112356.

Mater.

Chen H, Ma R, Chen Y, Fan L-J. Fluorescence De-
velopment of Latent Fingerprint with Conjugated
Polymer Nanoparticles in Aqueous Colloidal Solu-
tion. ACS Appl Mater Interfaces. 2017;9(5):4908-15.
doi:10.1021/acsami.6b15951.

Chen H, Ma R, Fan Z, Chen Y, Wang Z, Fan L-J. Flu-
orescence development of fingerprints by combining
conjugated polymer nanoparticles with cyanoacry-
late fuming. J Colloid Interface Sci. 2018;528:200—7.
doi:10.1016/j.jcis.2018.05.079.

Wang J, Peng R, Luo Y, Wu Q, Cui Q. Preparation of flu-
orescent conjugated polymer micelles with multi-color
emission for latent fingerprint imaging. Colloids Surf.
A Physicochem. Eng. Asp. 2021;615:126192. https://
doi.org/10.1016/j.colsurfa.2021.126192.

Zou R, Yu Y, Pan H, Zhang P, Cheng F, Zhang C, Chen
S, Chen J, Zeng R. Cross-Linking Induced Emission of
Polymer Micelles for High-Contrast Visualization Level 3
Details of Latent Fingerprints. ACS Appl Mater Interfaces.
2022;14(14);16746-54. doi:10.1021/acsami.2c02563.

AJFSFM 2024; Volume 6 Issue (1)

51.

52.

53.

54.

55.

56.

57.

58.

N. Vuckovi¢, N. Milaginovi¢ [eES)

Rawtani D, Tharmavaram M, Pandey G, Hussain
CM. Functionalized nanomaterial for forensic sam-
ple analysis. Trends Anal Chem. 2019;120:115661.
https://doi.org/10.1016/j.trac.2019.115661.

Prasad V, Lukose S, Agarwal P, Prasad L. Role of
Nanomaterials for Forensic Investigation and La-
tent Fingerprinting—A Review. J Forensic Sci.
2019;65(1):26-36.  doi:10.1111/1556-4029.14172.

Prabakaran E, Kriveshini P. Nanomaterials for latent
fingerprint detection: a review. Journal of Materials
Research and Technology. 2021;12:1856—-1885.
https://doi.org/10.1016/j.jmrt.2021.03.110.

Abdollahi A, Dashti A, Rahmanidoust M, Hanaei
N. Metal-free and ecofriendly photoluminescent
nanoparticles for visualization of latent fingerprints,
anticounterfeiting, and information encryption. Sens
Actuators B Chem. 2022;372:132649. https://doi.
org/10.1016/j.snb.2022.132649.

Abdollahi A, Dashti A. Photosensing of chain polarity
and visualization of latent fingerprints by amine-func-
tionalized polymer nanoparticles containing oxaz-
olidine. Eur Polym J. 2023;191:112038. https://doi.
org/10.1016/j.eurpolym;.2023.112038.

Gal M, Cristea C, Craciun AM, Turza A, Barbu-Tu-
doran L, Balazs B, Lovasz T, Silaghi-Dumitrescu
L, Gaina LI. New fluorescent electrospun polymer
materials containing phenothiazinyl carboxylate
metal salts for versatile latent fingerprint detec-
tion. Dyes Pigm. 2023;211:111085. doi:10.1016/.

dyepig.2023.111085.

Zhang P, Xue M, Lin Z, Yang H, Zhang C, Cui J,
Chen J. Aptamer functionalization and high-contrast
reversible dual-color photoswitching fluorescence
of polymeric nanoparticles for latent fingerprints im-
aging. Sens Actuators B Chem. 2022;367:132049.
doi:10.1016/j.snb.2022.132049.

Narasimhamurthy KN, Darshan GP, Sharma SC,
Premkumar HB, Adarsha H, Nagabhushana H. Sur-
face functionalized inorganic phosphor by grafting

organic antenna for long term preservation of latent



https://doi.org/10.1016/j.colsurfa.2021.126192
https://doi.org/10.1016/j.colsurfa.2021.126192
https://doi.org/10.1016/j.trac.2019.115661
https://doi.org/10.1016/j.jmrt.2021.03.110
https://doi.org/10.1016/j.snb.2022.132649
https://doi.org/10.1016/j.snb.2022.132649
https://doi.org/10.1016/j.eurpolymj.2023.112038
https://doi.org/10.1016/j.eurpolymj.2023.112038

{0l (Bio)polymer-Based Powders As Hidden Treasures in Dactyloscopy

59.

60.

61.

62.

63.

64.

65.

fingerprints and data-security applications. J Col-
loid Interface Sci. 2021;600:887—-97. doi:10.1016/j.
jcis.2021.05.029.

Dilag J, Kobus H, Ellis AV. Cadmium sulfide quantum
dot/chitosan nanocomposites for latent fingermark de-
tection. Forensic Sci Int. 2009;187:97—-102. https://doi.
org/10.1016/j.forsciint.2009.03.006.

Milenkovic 1, Algarra M, Alcoholado C, Cifuentes M,
Lazaro-Martinez JM, Rodriguez-Castellon E, Muta-
vdzi¢ D, Radoti¢ K, Bandosz TJ. Fingerprint imaging
using N-doped carbon dots. Carbon. 2019;144:791—
97. doi:10.1016/j.carbon.2018.12.102.

Ding L, Peng D, Wang R, Li Q. A user-secure and
highly selective enhancement of latent fingerprints by
magnetic composite powder based on carbon dot flu-
orescence. J Alloys Compd. 2021;856:158160. https://
doi.org/10.1016/j.jallcom.2020.158160.

Lin CH, Dhenadhayalan N, Lin K-C. Emergent car-
bonized polymer dots as versatile featured nano-
material for latent fingerprints, colorimetric sensor,
and photocatalysis applications. Mater Today Nano.
2022;20:100246. doi:10.1016/j.mtnano.2022.100246.

Vadivel R, Nirmala M, Anbukumaran K. Commonly
available, everyday materials as non-conventional
powders for the visualization of latent fingerprints.
Forensic Chemistry. 2021;24:100339. doi:10.1016/j.
forc.2021.100339.

Garg RK, Kumari H, Kaur R. A new technique for vi-
sualization of latent fingerprints on various surfaces
using powder from turmeric: a rhizomatous herba-
ceous plant (Curcuma longa). Egypt J Forensic Sci.
2011;1(1):53-7.  doi:10.1016/j.€jfs.2011.04.011.

Dhunna A, Anand S, Aggarwal A, Agarwal A, Verma
P, Singh U. New visualization agents to reveal the

66.

67.

68.

69.

70.

71.

72.

hidden secrets of latent fingerprints. Egypt J Forensic
Sci. 2018;8:32. doi:10.1186/s41935-018-0063-9.

Chauhan A, Udayakumar K. Development of latent
prints by using the unconventional methods on di-
verse facade. Int J Appl Sci Eng. 2017;7(1):67-75.

Anand S, Aggarwal A, Verma P. Revealing secrets of
latent fingerprints through cosmetic products. Int Educ
Appl Sci Res J. 2017;2(8):1-5. e-ISSN: 2456-5040.

Passos LF, Berneira LM, Poletti T, Mariotti KdC, Car-
refio NLV, Hartwig CA, Pereira, CMP. Evaluation and
characterization of algal biomass applied to the de-
velopment of fingermarks on glass surfaces. Aust J
Forensic Sci. 2021;53(3):337—46. doi:10.1080/00450
618.2020.1715478.

Said NF, Anuar SN, Zakaria Y, Rajan R, Shukri NM,
Hassan NF. Recycling Potential of Natural Waste
Products in the Development of Fingerprint Powders
for Forensic Application. Malaysian J Med Health Sci.
2021;17(4):196-204.

Hejjaji EMA, Smith AM, Morris GA. The potential
of chitosan-tripolyphosphate microparticles in the
visualisation of latent fingermarks. Food Hydro-
coll. 2017;71:290-8. https://doi.org/10.1016/j.foode
hyd.2016.12.020.

Vuckovi¢ N, Dimitrijevi¢ S, MilaSinovi¢ N. Visualization
of Latent Fingerprints Using Dextran-based Micropo-
wders Obtained from Anthocyanin Solution. Turkish
J Forensic Sci Crime Stud. 2020;2(2):3-53. ISSN:
2687-3397.

Li Y, Hu X, Yao H, Ye Y, Zhou J. Development of
latent fingerprints by degradable highly-adhering
powder——a long-term strategy for the fading of
fingerprint residues. Dyes Pigm. 2023;219:111597.
doi:10.1016/j.dyepig.2023.111597.

AJFSFM 2024; Volume 6 Issue (1)


https://doi.org/10.1016/j.forsciint.2009.03.006
https://doi.org/10.1016/j.forsciint.2009.03.006
https://doi.org/10.1016/j.jallcom.2020.158160
https://doi.org/10.1016/j.jallcom.2020.158160
https://doi.org/10.1016/j.foodhyd.2016.12.020
https://doi.org/10.1016/j.foodhyd.2016.12.020

