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Abstract: Crime Scene Investigation (CSI) relies heavily on meticulous collection, analysis, and interpretation of evidence. Traditional 

methods, while valuable, often struggle with miniscule evidence traces. Nanotechnology, with its manipulation of matter on an atomic 

level, researchers are devising techniques to detect and analyse evidence in ways once unimaginable. From identifying minute particles 

of explosives to decoding complex chemical signatures, nanotechnology is illuminating the dark corners of crime scenes, offering a 

glimpse into the unseen events that transpired. It is not just an incremental improvement; it is a paradigm shift that holds the key to 

breakthroughs in Forensic Science.  
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1. Introduction 
 

For law enforcement, the scene of a crime is a complex 

puzzle, with each piece of evidence providing a vital clue. 

Imagine a world where the tiniest speck of dust holds the key 

to solving a murder, where the faint trace of a chemical can 

lead detectives to a missing person, and where even the 

smallest fibre can unravel the mystery of a decades - old cold 

case. In the world of crime scene investigation, no detail is 

too small, no piece of evidence too insignificant. A single hair, 

a speck of dust, a trace of chemical residue – these minute 

fragments can hold the key to solving a case and bringing a 

criminal to justice. But as the stakes have risen and the science 

has advanced, so too has the demand for more sophisticated 

and powerful tools in the forensic arsenal. Nanotechnology, 

the manipulation of matter on an atomic and molecular scale, 

has revolutionized many fields, but perhaps none more 

dramatically than forensic science. With the ability to analyse 

substances and materials at a scale of billionths of a meter, 

nanotechnology is giving forensic investigators a whole new 

set of tools to solve these puzzles. At the nanoscale, scientists 

can manipulate matter on an atomic level, unlocking a world 

of possibilities. From enhancing the detection of DNA 

evidence to decoding the chemical signatures of illicit 

substances, nanotechnology is providing law enforcement 

with powerful new weapons in the fight against crime. From 

minute to meaningful, nanotechnology is empowering 

detectives, thus redefining the art and science of forensic 

investigation. But how does nanotechnology work in the real 

world of crime scene investigation? What are the cutting - 

edge techniques and tools that forensic scientists are using to 

solve cases? And what does the future hold for this exciting 

and rapidly evolving field? In this article, we'll explore the 

fascinating world of nanotechnology and its transformative 

role on forensic science.  

 

Nanomaterials in Forensic Analysis 

Nanoparticles, renowned for their exceptional surface area - 

to - volume ratio and distinctive chemical and physical 

attributes, are causing a significant shift in the realm of 

forensic science. Their tiny dimensions and remarkable 

surface area - to - volume ratio give rise to exceptional 

characteristics that render them highly suitable for a myriad 

of forensic applications. Notably, nanomaterials are uniquely 

equipped to undergo diverse forensic analyses owing to their 

unparalleled properties. To illustrate, nanoparticles that have 

been modified with specific ligands possess the ability to 

selectively adhere to desired molecules, thus streamlining the 

identification of minute traces of crucial evidence like DNA, 

pharmaceuticals, and explosive materials. Quantum dots, 

carbon nanotubes, and gold nanoparticles represent a 

selection of nanomaterials that are employed in forensic tests 

to achieve both precision and expediency in the identification 

of substances.  

 

1) Fingerprint Visualization: Traditional methods for 

latent fingerprint development can be destructive or 

ineffective on certain surfaces. But, Nowadays, in the forensic 

investigation procedure, numerous types of nanopowders are 

used to expose latent fingerprints on diverse surfaces. In this 

arrangement, photoluminescent CdS semiconductor 

nanocrystals capped with dioctysulfosuccinate were 

employed to improve fingerprint detection. Recently, a group 

of researchers created unique ZnO - SiO2 nanopowder 

utilizing the traditional heating approach. [3] The fingerprints 

were created using powder dusting and small particle reagent 

(SPR) procedures. [11] This method has been successfully 

used to various dry (semi - porous and non - porous) and wet 

(non - porous) surfaces to visualize latent fingerprints, as 

illustrated in Fig. The results showed that ZnO - SiO2 

nanopowder has excellent potential to visualize finger ridge 

detail at a higher degree, with superior discernibility over 

other commercially available white powders. [1] 

 

2) Explosive residue detection: Terrorism is currently the 

world's most serious societal threat. It is simple to launch, and 

the result is immense destruction. Detecting trace levels of 

explosive is a difficult process due to a variety of factors, 

including a low number of unexploded explosives, 

contaminated samples, and varying sample collection 

procedures. In the event of a bomb blast, fragmented 

explosive leftovers can be spread away from the actual 

location of the explosion, whereas unfragmented explosive 

remains at the crime scene. During the CSI, investigators can 

employ nanotechnology to identify. Most bomb blasts make 

it difficult for investigators to identify unfragmented 

Paper ID: SR24523131142 DOI: https://dx.doi.org/10.21275/SR24523131142 1439 

https://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 13 Issue 5, May 2024 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

explosives. Due to insufficient evidence, detectives are 

unable to establish a link between the accused and the crime 

site during court proceedings. [1] There are more than 4400 

of a total of 12000 terrorist attacks were undertaken using 

explosives. Over 20000 people were killed worldwide and 

more than 30000were injured as a result of these attacks. The 

number of suicide bombings has increased by almost 60% 

since 2005. [4] Electronic noses, nanocurcumin based probe, 

lasing plasmonnanocavity, nanowire/ nanotube and 

nanomechanical devices are nano sensor concepts with the 

strongest potential to form viable technological platforms for 

trace explosive detection [5 - 9]. Recently, an antibody was 

developed against the explosive pentaerythritol tetranitrate 

(PETN) [10]  

 

 
 

3) DNA Analysis: The rising horrific crime rate is the most 

pressing issue in our modern civilization. The presence of 

genetic materials is DNA, which is one of the most important 

corroborative evidences used to identify the presence of a 

person at the scene of a crime, whether the DNA belongs to 

the victim or the perpetrator. In the realm of DNA analysis, 

we are creating nanotechnology - based instruments that can 

directly read the DNA sequence of a molecule. The DNA 

sequence can be examined using atomic force microscopy 

after placing the DNA molecules on carbon nanotubes. [1] 

The quantification of post - PCR (polymerase chain reaction) 

is currently the most often used forensic nanotechnology use 

of microfluidic devices. Using the commercially available 

Agilent 2100 bioanalyzer, DNA samples can be measured in 

under 30 minutes, even in the nanolitre level. Many forensic 

science laboratories currently employ these techniques to 

quantify mitochondrial DNA. Because of their small size, the 

likelihood of such devices being employed at the scene of a 

crime is quite specific. [2] Furthermore, these small devices 

are performed rapid, disposable that necessitates minimal 

cleanup and maintenance that will edge the technology. [3] 
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4) Nano trackers: Nowadays, trackers and barcodes are 

utilized to combat crime. Trackers are used as a deterrent to 

theft by creating a secret pattern on objects. Trackers, in 

addition to avoiding theft, can aid in the recovery of stolen or 

missing things. Trackers can also be used for security 

purposes, as they can prevent inmates from fleeing. In this 

situation, nano trackers are inserted into the convicts' bodies 

to help track them down if they escape. Nano trackers are also 

used to monitor offenders after they are released. Nano 

trackers make it easier to track them down if they get involved 

in another crime. [12] Furthermore, nanotechnology can be 

used to examine a variety of criminal crimes, including hit 

and run, burglary, and fraud. Nanotechnology is also useful in 

cases involving petroleum products, such as arson 

investigations to evaluate petroleum hydrocarbon residues. 

Furthermore, nanotechnology has applications in cyber 

(mobile and internet) and sting operations (tape 

authentication and speaker identification). In these 

circumstances, detectives investigate suspected tapes by 

recognizing the coating of nanoparticles on its surface, which 

is an authenticating mark. [13] 

 

 
 

5) Screening of drug - facilitated crime: Drug - facilitated 

crime (DFC), commonly termed as “date rape” includes rape 

or other sexual assault, robbery, money extortion, and 

physical harm to all ages of individual under the influence of 

psychotropic substances. The intention of this crime is to 

impair the behaviour, perception, or decision - making 

capacity of the individual under the influence of drug. [14] 

Nanotechnology is important in drug detection because it has 

unique physicochemical qualities and well - known 

advantages such as selectivity, sensitivity, cost - 

effectiveness, affordability, and the potential to miniaturize 

and automate. A recent study created a "smart" system that 

uses citrate - stabilized gold nanoparticles (AuNPs) as a probe 

and a smartphone camera as an analytical device to detect and 

quantify codeine (COD) sulfate. [15] A recent study created 

a "smart" system that uses citrate - stabilized gold 

nanoparticles (AuNPs) as a probe and a smartphone camera 

as an analytical device to detect and quantify codeine (COD) 

sulfate. This method uses a smartphone's camera to detect 

ultrasensitive colorimetric changes in the probe caused by the 

presence or absence of codeine sulfate, allowing for simple, 

portable, on - the - spot, and speedy detection of an unlawful 

substance utilizing nanotechnology. Furthermore, a similar 

research group revealed a very sensitive, selective, and cost - 
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effective approach for detecting trace quantities of 

clonazepam using AuNPs in the presence of melamine. [16] 

 

 
 

6) Estimation of time since death: Estimating time since 

death (TSD) is an important step in medico - legal 

investigations. A precise estimate of TSD may be useful in 

determining the accurate time and cause of death. The 

standard method uses a variety of characteristics to estimate 

TSD. These indicators included algor mortis, changes in the 

eye, postmortem hypostasis, rigor mortis, changes in 

decomposition, stomach and intestine contents, urine bladder 

contents, and anecdotal evidence. All of these parameters can 

only provide an estimated time of death. Observational 

changes in body fluids (blood, pericardial fluid, synovial 

fluid, spinal fluid, aqueous humor, and vitreous humor) are 

appropriate ways to establish TSD immediately or shortly 

after death. [17] Vitreous humor (VH) is the only bodily fluid 

that remains unaltered after a long period of death. It 

demonstrated that the biochemical changes (level of amino 

acid) in VH are slow, and hence, using this biochemical 

analysis, TSD may be correctly determined. [18] Recently, 

Swann et al. (2010) developed a smart, quick, sensitive, cost 

- effective, lab - on - chip technique for determining cysteine, 

an amino acid. This approach can be used to estimate the TSD 

for up to 96 hours, until the cystine concentration in VH 

increases sufficiently and shows a linear association with 

TSD expansion. In the near future, this method can create a 

microfluidic system, smart approach - based detection to 

estimate the cysteine concentration and correlate it with the 

TSD calculation. [19] 

 

 
 

7) Nanotechnology - enabled Documentation: 

Nanotechnology - enabled imaging techniques are a game 

changer in crime scene investigation (CSI), providing 

unparalleled capabilities for seeing and interpreting forensic 

evidence with greater resolution, sensitivity, and specificity.  

a) Scanning Electron Microscopy (SEM) with 

Nanoparticles: SEM is a strong imaging technology that 

is often employed in forensic research to study surfaces 

under high magnification. When combined with 

nanoparticles, SEM becomes even more useful and 

effective for forensic analysis. Nanoparticles can act as 

contrast agents, increasing the visibility of specific 

features or substances on surfaces. For example, gold 

nanoparticles functionalized with antibodies can 

preferentially bind to biological molecules, allowing for 
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extremely clear viewing of latent fingerprints or biological 

fluids.  

b) Atomic Force Microscopy (AFM) for Surface 

Characterization: AFM is another nanotechnology - 

enabled imaging technique that provides unrivalled 

resolution for examining surface topography and 

characteristics at the nanoscale. AFM, unlike SEM, works 

by scanning a sharp probe across the sample surface and 

detecting interactions between the probe and the surface 

to produce high - resolution pictures. In forensic 

applications, AFM may investigate the shape and 

mechanical properties of trace evidence, such as fibers, 

hair, and gunshot residue particles.  

c) Nanoscale Spectroscopy for Chemical Analysis: 

Nanoscale spectroscopy techniques, such as tip - enhanced 

Raman spectroscopy (TERS) and surface - enhanced 

Raman spectroscopy (SERS), allow for chemical 

investigation with high sensitivity and specificity at the 

nanoscale. These techniques rely on nanomaterials, such 

as metallic nanoparticles or nanostructured surfaces, to 

improve Raman scattering signals. In forensic science, 

TERS and SERS can be used to identify and describe trace 

compounds such as narcotics, explosives, and chemical 

residues with little sample preparation.  

d) Integration with Computational Imaging and Machine 

Learning: The combination of nanotechnology - enabled 

imaging techniques with computational imaging 

algorithms and machine learning algorithms increases 

their usefulness in CSI. Advanced image processing 

techniques, like as deconvolution and super - resolution 

imaging, improve the spatial resolution and contrast of 

nanoscale images, making it easier to retrieve useful 

information from complicated forensic materials. 

Machine learning algorithms trained on massive datasets 

of nanoscale images can help with automated feature 

recognition, categorization, and pattern analysis, speeding 

up the interpretation of forensic evidence and expediting 

investigation processes.  

 

Security: Nanotechnologies in forensic science and security 

can modernize the way investigations are conducted by 

decreasing the time, cost, and skill necessary while also 

boosting the precision and accessibility of nano collecting and 

analysis devices. [20] Because nanotechnology is a branch of 

applied science in its early phases of development, various 

drifts and application techniques are predicted but not yet 

sufficiently established to be effective. General concerns 

about nanotechnology range from a lack of consistent 

terminology to widespread health and safety concerns about 

the use of nanotechnology in everyday life, to the "balance of 

power in the world" that could be jeopardized by the potential 

use of "nanomaterials, " and many other issues. [21] 

 

 
 

2. Future Aspects 
 

Advanced breakthroughs in nanotechnology techniques such 

as nanoprobes, nanodevices, and nanochips can be useful 

methods to crime prevention and societal security 

enhancement. Nanotechnology can assist safeguard people 

from a wide range of criminal behaviors, including violent 

crimes, rape, murder, theft, fraud, and terrorist strikes. It can 

also be used to protect children, teenagers, and the elderly 

from kidnapping, cybercrime, and abduction. The crime rate 

in society has risen dramatically over the last few decades, 

and the two key confounding factors are poor implementation 

of crime prevention and investigative tactics. Most standard 

crime - prevention strategies are ineffective. These old 

procedures necessitate adequate evidence gathering and 

preservation, as well as a lengthy journey to the laboratory for 

analysis. These will not only increase the number of pending 

cases in court, but their dependability and credibility in court 

will also be essential considerations.  

 

Nanoplatforms can serve to improve the evidence analysis 

technique (detection, collecting, and preservation of 

evidence) collected from crime scenes, as well as speed up the 

investigation process. Nanodevices can be used to assess 
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residual evidence gathered from a number of cases, including 

bomb explosions, shootings, hit - and - runs, sexual assault, 

arson, cybercrime, and burglary. The most sensitive ion beam 

analysis method can be used to examine residue analysis and 

elemental composition. Certain nanomaterials, such as 

carbon, gold, and silver, are preferred for the development of 

chemically modified electrodes for drug sensing. However, 

nanoparticles derived from platinum, palladium, or metal 

oxides have not been widely exploited for this purpose. The 

use of nanoparticles as modifiers is expected to generate 

significant research interest in the field of nanomaterial - 

based drug detection systems.  

 

The future may potentially include several options for 

nanomaterial - based technologies used for criminal detection 

and investigation, surveillance, and tracking of missing or 

stolen objects. Nanomaterial - based gadgets may also be 

available for people with disabilities who need help tracking 

their whereabouts.  

 

The use of novel nanomaterial - based technologies by our 

law enforcement agencies and police to combat crime would 

alter our future. Prior to using these technologies, agencies 

must understand what technology will be available and how 

they will obtain it to defend their community. Our future 

would have the potential to create a safer and crime - free 

world through the application of nanotechnology. Our job in 

this regard is to establish rules and protocols for the ethical 

norms of this growing technology, to train qualified 

individuals to use these approaches, and to constantly 

enhance our strategies for combating and preventing crime in 

society. [1] 

 

3. Challenges and Considerations 
 

As the manufacturing and use of nanoparticles increases, so 

do the number of workers and consumers who are exposed to 

them. In forensic science, forensic workers are exposed to 

these nanoparticles mostly by inhalation while using them for 

forensic inspection of materials. After inhalation, small 

particles may be able to go from the alveolar portion of the 

lung to extra - pulmonary organs (liver, heart, spleen, etc.) via 

systemic blood circulation. Some toxicological evidence of 

nanoparticles translocating in human organs [22] and in 

animals [23, 24] has been described. [25] discovered that 

airborne solid ultrafine particles could target the central 

nervous system (CNS) by depositing on the olfactory mucosa 

in the nasopharyngeal region and then translocating via the 

olfactory nerve. As a result, nanoparticles have the potential 

to harm both the entire body and the respiratory system. 

Because nanoparticle exposure is usually persistent, people 

are less concerned with their procurement and end up 

suffering from serious ailments.  

 

Although nanoparticles enhance the development of latent 

fingerprints on a variety of unusual surfaces (wet, nonporous, 

and semi - porous surfaces), this method may not be useful on 

blood bearing surfaces (blood fingerprints) because those 

surfaces contain biological materials, particularly DNA, 

which can be damaged by NPs [26]. It is widely known that 

powdered nanoparticles, due to their small size, enter human 

cells and connect to several organelles, including the nucleus 

[27, 28]. The nucleus contains genetic materials (DNA), and 

when NPs attack DNA, they break the DNA strands, resulting 

in DNA damage or degradation [27, 28]. In forensic research, 

DNA degradation/damage is a common issue that impacts 

DNA yield, amplification, and loss of bigger alleles 18. A 

number of mechanisms have been proposed to explain DNA 

degradation, including the release of nucleases from 

putrefying cells, bacterial breakdown, and cross linking. 

Furthermore, oxidation, deamination, depurination, and other 

hydrolytic reactions can cause instability and breakage in 

DNA molecules.  

 

In all of the mechanisms listed above, nanoparticles, 

particularly metal oxides, cause breaks in DNA molecules as 

a result of the oxidation process, resulting in the formation of 

the DNA adduct 8 - oxo - 7, 8 - dihydro - 2' - deoxyguanosine 

(8 - OHdG). This oxidative DNA damage was capable of 

causing significant DNA damage to lose a conventional 

autosomal short tandem repeat (STR) profile, resulting in 

misleading or inconclusive results during DNA fingerprinting 

[29]. These findings would be misleading regarding personal 

individualization.  

 

4. Ethical Considerations of Nanotechnology in 

Crime Scene Investigation 
 

Nanotechnology in crime scene investigation poses various 

ethical considerations that must be carefully examined. One 

of the key ethical concerns is the potential invasion of privacy 

that could arise from the use of nanotechnology in collecting 

evidence. As these advanced technologies allow for the 

collection of minuscule samples and data with high precision, 

there is a risk of inadvertently obtaining personal information 

unrelated to the crime under investigation. Additionally, the 

use of nanotechnology raises questions about the informed 

consent of individuals whose genetic or biological material 

may be inadvertently captured during the evidence collection 

process. Furthermore, the introduction of nanodevices into 

crime scene investigation procedures may lead to concerns 

regarding data security and the possibility of misuse by law 

enforcement agencies or other entities. As such, it is 

imperative for stakeholders to address these ethical 

considerations proactively to ensure that the benefits of 

nanotechnology in crime scene investigation are balanced 

with the protection of individual rights and privacy. Ethical 

considerations play a crucial role in the development and 

implementation of advanced forensic technologies. It is 

imperative to address issues concerning privacy, data 

security, and the potential misuse of such tools diligently and 

proactively. Ensuring the protection of individuals' privacy 

rights and sensitive information is paramount in the use of 

forensic technologies to prevent unauthorized access and 

misuse of data. Additionally, the standardization and 

validation of nanotechnology - based forensic methods are 

indispensable to guarantee their effectiveness, reliability, and 

admissibility in legal proceedings. Establishing clear 

guidelines and protocols for the application of these 

innovative techniques is fundamental in upholding ethical 

standards and ensuring the integrity of forensic investigations. 

By addressing these ethical considerations rigorously, 

forensic professionals can uphold the principles of justice and 

fairness while leveraging cutting - edge technologies to 

enhance their investigative capabilities.  
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5. Precaution 
 

1) Nanoparticles should not be used in the field to produce 

latent fingerprints. Nanoparticles disperse swiftly and 

stay in the surrounding air for a long time. To avoid the 

generation of aerosols, nanopowders should be opened in 

a closed fume hood or enclosed vessel (glove box). If a 

closed fume hood is not available and the material is 

handled in a 'open' fume hood or similarly regulated 

'open' environment, appropriate masks (FFP3, equivalent 

to the American P100) should be worn.  

2) Hand washing and the avoidance of hand - to - mouth 

activities will be strictly enforced.  

3) Bottles containing NPs should be transported in 

appropriate containers from the storage area to the testing 

laboratory or crime scene.  

4) Disposal of nanoparticles is the most important technique 

via which nanoparticles enter the environment. If the 

disposal technique is not followed correctly, it may 

represent a harm to humans and the environment. Any 

material that has come into contact with dispersible 

produced nanoparticles should be classified as a 

nanoparticle - containing waste stream.  

5) All individuals who apply the formulation and then 

handle the evidence (target substrate) should wear 

suitable personal protective equipment. This would 

include a disposable lab coat, breathing mask, protective 

gloves, protective eyewear with side protection, 

protective clothes, face shields, and closed - toed shoes 

to prevent nanoparticles from coming into direct contact 

with the skin.  

6) Nanoparticles should be stored in a sealable waste 

container or plastic bags before disposal. Label the waste 

container with a description of the waste and add any 

accessible information about the known and suspected 

qualities of nanoparticles. Once the bag or container is 

full, close and seal it.  

7) Whenever possible, nanoparticle particles should be 

suspended and then immobilized in 1% Agar. All other 

solutions that come into touch with the nanoparticles 

should be collected in containers and disposed of at the 

radioactive waste disposal pit.  

 

6. Conclusion 
 

Every technology has its pros and disadvantages. With the 

help of this review, I attempted to highlight areas of 

nanotechnology that were previously unknown and 

unexplored. Although the use of nanoparticles for enhancing 

latent blood impressions, security features in documents, and 

individualization in ink formulation appears to be an effective 

tool from a forensic analysis perspective, their concurrent 

effect on DNA and occupational exposure on workers and 

forensic personnel cannot be ignored, which may result in 

serious diseases.  

 

As a result, information on the potential health and 

environmental implications of nanoparticles should be vital 

prior to their use.  

 

The forensic community has an ethical and legal commitment 

to protect the health of both its own forensic specialists and 

the public in whose environment it works. To this purpose, 

the methodologies, procedures, and investigative instruments 

utilized to process evidence should be chosen and 

implemented in a way that maximizes the health and safety of 

the aforementioned populations.  

 

The existing toxicological evidence shows that nanoparticles 

pose some risks, making their employment at crime scenes or 

other uncontrolled situations hazardous for both law 

enforcement (forensic specialists) and samples (e. g., blood 

fingerprint). As a result, before employing Nanoparticles to 

improve blood fingerprints, forensic scientists and 

researchers should take the required precautions to avoid not 

only misleading or inconclusive results, but also to protect 

themselves and their surrounds from indirect exposure to 

these Nanoparticles.  

 

Further research and collaboration between scientists, 

forensic experts, and legal professionals are essential to 

realize the transformative impact of nanotechnology in the 

field of forensic science.  

 

Abbreviations 

CSI: Crime Scene Investigation 

SPR: Small Particle Reagent 

PETN: Pentaerythritol Tetranitrate 

DFC: Drug Facilitated Crime 

COD: Codeine 

AuNPs: Gold Nanoparticles 

TSD: Time Since Death 

VH: Vitreous Humor 

SEM: Scanning Electron Microscopy 

AFM: Atomic Force Microscopy 

TERS: Tip Enhanced Raman Spectroscopy 

SERS: Surface Enhanced Raman Spectroscopy 

CNS: Central Nervous System 

NP: Nano Particles 
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