
 The word forensic originates from the Latin word forensis, which 
means: public, to the forum or public discussion. A modern definition 
of forensic is: relating to, used in, or suitable to a court of law [1]. Any 
science used for the purpose of law is a forensic science. Forensic  
sciences [2-4] concern the application of scientific knowledge to legal 
problems and they are vital tools in any legal proceeding. The forensic 
sciences, including forensic chemistry [5-8], forensic biology [9,10],  
forensic anthropology [11], forensic medicine [12], forensic  
materials science [13,14], forensic engineering [15], computational  
forensics [16], etc., are broadly used to resolve civil disputes, to  
justly enforce criminal laws and government regulations, and to  
protect public health.

 While novel methods used in natural sciences might have some  
allowance for limited reproducibility and questionable  
interpretations, adaptation to forensic science, requires absolute  
reproducibility and non-variability in terms of the results  
interpretation: evidence is not only a scientific, but legal issue. It 
should be kept in mind that forensic analysis is strongly regulated by 
the legal constraints which affect both the work implementation and 
the results. Forensic science is in a unique position among all other 
scientific fields because of its important social impact. Indeed, forensic 
science is at the intersection of the natural sciences and law in civil and 
criminal cases. Therefore, methods used in forensic science require 
not only rigorous scientific standards, but also high ethical standards, 
providing interpretation of obtained results without any possibility  
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of variable interpretation and without allowing for any personal bias. 
Analysis of substances, including hardly detectable traces, should be 
performed using non-destructive techniques to preserve evidence for 
future analysis in case of any dispute.

 In some sub-areas of forensic science, for example, in botanical 
forensics [17], simple observation of plant samples collected at the 
crime scene could be sufficient to reach important conclusions, while 
in other forensic sciences, such as forensic chemistry, sophisticated 
instrumental analytical methods are required [18]. Forensic science 
applications are commonly associated with fingerprints analysis [19] 
and DNA typing [20], both of which are aimed at identification of 
crime victims or criminals. However, forensic science methods 
are going beyond these well-known applications and often include  
various physical and chemical analytical methods. Numerous  
analytical methods such as various spectroscopy techniques and  
electrochemistry have been borrowed from chemistry and physics, 
and have tremendously developed many subareas of forensic science. 
Modern developments are based on multi-disciplinary approaches  
involving not only physical techniques, but also computational  
methods. Compiling various databases (e.g., fingerprints) in  
electronic digital libraries and their rapid screening, analysis and  
comparison are extremely important for forensic purposes.  
Computerized facial recognition, for example, is needed for automatic 
search of suspects in public areas equipped with video surveillance 
facilities. This could be important not only for finding crime suspects,  
but also for crime prevention and homeland security and  
anti-terrorism security measures. Vibrational spectroscopy (based 
on IR absorption and Raman scattering) [21], Figure 1, internal  
reflection spectroscopy [22], mass-spectrometry [23] and  
electrochemistry [24,25] have been applied for forensic analysis of  
human or animal hair, fiber, paint and ink analysis, analysis of a  
variety of human body fluids, detection of gunshot residues,  
Figure 2, controlled substances (e.g., illicit drugs), explosives and  
other chemical and biological agents. Spectral analysis of objects 
found at the crime scene can be extended to hyperspectral imaging 
(HSI) to obtain both spatial and spectral information from a sample 
[26]. This technique enables investigators to analyze the chemical  
composition of traces and simultaneously visualize their spatial  
distribution. HSI offers significant potential for the detection,  
visualization, identification and age estimation of forensic traces, also 
allowing for forensic analysis of document forgery [27].

 Biomolecular analytical methods, including DNA analysis,  
proteomics, metabolomics, biomolecular computing, in vivo  
imaging, etc., have high importance in forensic science, but their use is 
not exactly the same as in medicine, thus requiring special adaptation 
to the needs of forensic science. Analysis of various biomarkers found  
in biofluids at a crime scene, particularly through the use of  
multi-enzyme biocatalytic reactions, is rapidly progressing towards  
practical applications [28-30]. The approach, borrowed from  
unconventional enzyme-based computing [31,32] and originally  
applied to biomedical analysis [33], demonstrates promising  
perspectives for novel forensic serology applications. Analytical  
applications toward rapid identification based on personal  
characteristics are feasible as a result of this study. New tools (e.g.,  
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analytical kits or single-use paper-strips) for the rapid identification 
of biofluid origin are also expected based on this research. Further 
development in this area will be directed towards incorporation of the 
novel methods into portable lateral flow strip-like devices for rapid 
analysis of biomarkers directly on-site at the crime scene.

 A biochemistry/molecular biology-based subarea of forensic  
analysis, forensic serology, deals with the complex task of gathering  
information on type of sample, age, origin or gender from  
biological fluids (blood, saliva, etc.,) found at a crime scene [34].  
Analysis of various biomarkers in biofluids found at a crime scene can 
help in preliminary conclusions about the race, gender, age, etc., of 
possible suspects [35]. DNA typing for criminal suspects or victims 
can be extended to the DNA analysis of human remains [36], as well 
as to the analysis of DNA damage and repair in forensic samples [37]. 
In addition, while in most forensic analytical applications samples 
collected at the crime scene are sent to a specialized laboratory for 
sophisticated instrumental analysis, rapid on-site analysis of samples 
could be very beneficial for crime investigation, thus, representing  
another use of simple biosensors in forensic practice [38]. The  
sensing devices can be miniaturized and ultimately can be assembled 
as a wearable fingertip sensor (Forensic Finger, Figure 3), used, for  
example, for the rapid on-site voltammetric screening of gunshot  
residuals and explosive surface residues [39].

 Analysis of traces found at a crime scene often requires very  
sophisticated instrumentation and specific analytical skills, and is thus 
performed in specialized laboratories, delaying analytical conclusions  

about the crime victims and suspects. Using simple portable sensors 
and biosensors directly at the crime scene operated by a person with 
minimum scientific training (e.g., a police officer) would be very  
beneficial for the investigation, providing rapid results and giving  
immediate information. Thus, substituting multi-functional  
sophisticated and expensive instrumentation with simple and  
economical (bio)sensors is a very important trend in modern  
forensic science scaling down the currently used instrumentation to  
easy-to-use sensor strips, hand-held analyzers or microchip systems. 
Portable Raman and IR spectrometers, electrochemical sensors and 
biosensors, and single-use paper-strip bioanalytical assays continue 
to become more affordable and accessible to crime investigations.  
Particularly, electrochemical methods have demonstrated  
advantages for rapid on-field forensic investigation using low-cost,  
disposable screen-printed electrodes, indicating considerable  
promise for field-deployable instrumentation. Presently  
electroanalytical methods and instrumentation for forensics are still in 
their infancy; however they are expected to rise rapidly in popularity 
due to fast technological advances, particularly due to their coupling 
with wearable and digital devices, such as smartphones, new flexible 
electrode materials and improved communication of field results.  
Major research efforts should be directed to preparation of biosensors 
suited for the samples to be addressed in forensic analysis, enhancing 
the robustness and reliability necessary to fulfil the requirements for a 
real applicability to this field. Automation and multiplexing capability 
as well as the possibility of biosensor integration into remote alarm 
devices can be identified as important trends for an effective transition 
of laboratory biosensors to the real world of forensic applications.

 Forensic analysis of blood stain patterns [40] has become one of 
the most frequently used and highly important procedures providing 
key evidence with its ability to potentially map the sequence of events,  
highlight movement through the crime scene, and identify the  
minimum number of blows executed. Other materials, particularly 
left at trace levels, are getting attention from forensic investigations, 
being highly important for reconstruction of the performed crime 
[41]. Personal identification methods, e.g., based on fingerprints [42] 
as well as possible complications originating from their spoofing [43], 
represent important parts of the forensic study.

 Various engineering disciplines, (including mechanical, electrical, 
and chemical), and fire science, among others are also involved in  
forensic investigations [44,45]- often in civil cases, but also in criminal 
investigations.

 Overall, the multi-disciplinary approach, including sub-areas of 
chemistry, biology, physics and engineering, is very important for 
the progress of forensic science [46,47]. Thus, collaborative work of  
experts with different backgrounds is necessary for the further  
developments in forensic science for the benefit of society.

Figure 1: Application of vibrational spectroscopy for the forensic analysis [21].

Figure 2: Forensic electrochemistry: The electroanalytical sensing of gunshot 
residuals.

Figure 3: Schematic delineating voltammetry of microparticles at a wearable 
Forensic Finger. (A) The Forensic Finger exhibiting the three electrode surface 
screen-printed onto a flexible nitrile finger cot (bottom left inset), as well as a 
solid, conductive ionogel immobilized upon a similar substrate (top right inset); 
(B) ‘swipe’ method of sampling to collect the target powder directly onto the 
electrode; (C) completion of the electrochemical cell by joining the index finger 
with electrodes to the thumb coated with the solid ionogel electrolyte [39].
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